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Abstract
The rapid increase in development of offshore wind energy in European waters has raised
concern for the possible environmental impacts of wind farms. We studied whether harbour
porpoise occurrence has been affected by the presence of the Dutch offshore wind farm
Egmond aan Zee. This was done by studying acoustic activity of porpoises in the wind farm
and in two reference areas using stationary acoustic monitoring (with T-PODs) prior to
construction (baseline: June 2003 to June 2004) and during normal operation of the wind farm
(operation: April 2007 to April 2009). The results show a strong seasonal pattern, with more
activity recorded during winter months. There was also an overall increase in acoustic activity
from baseline to operation, in line with a general increase in porpoise abundance in Dutch
waters over the last decade. The acoustic activity was significantly higher inside the wind farm
than in the reference areas, indicating that the occurrence of porpoises in this area increased as
well. The reasons of this apparent preference for the wind farm area are not clear. Two possible
causes are discussed: an increased food availability inside the wind farm (reef effect) and/or the
absence of vessels in an otherwise heavily trafficked part of the North Sea (sheltering effect).


Keywords: passive acoustic monitoring, habitat use, T-POD, North Sea, offshore renewables


1. Introduction


Offshore wind energy is a rapidly expanding business
in European waters, particularly in the North Sea. To
be a sustainable alternative to fossil fuel and nuclear
power, offshore wind farms will have to be large, thereby
covering considerable marine habitat. Consequently, the
environmental impact to the marine ecosystem could be
significant (e.g. Hüppop et al 2006, Madsen et al 2006).


4 Author to whom any correspondence should be addressed.


Particular concerns have been raised for one key species,
the harbour porpoise (Phocoena phocoena), which has been
suggested to be negatively affected by noise pollution and
habitat loss (e.g. Gilles et al 2009). Harbour porpoises are
common in the North Sea, with a population estimated at
about 250 000 individuals in 1994 and 2004 (Hammond et al
2002, SCANSII 2008). Although porpoises have been largely
absent from Dutch waters in the last half of the 20th century
(Smeenk 1987, Reijnders 1992) there has been a recent and
well documented increase since the 1990s (Reijnders et al
1996, Camphuysen 2004).
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In 2002 the Dutch government permitted construction
of the Offshore Wind Park Egmond aan Zee (OWEZ) as a
demonstration project, with the aim of assessing technological
and environmental challenges of offshore wind energy
(NoordzeeWind 2008). Part of the evaluation of environmental
impacts was a monitoring programme addressing effects of the
wind farm on the local occurrence of harbour porpoises.


Previous studies from other offshore wind farms of
similar dimensions have shown a reduction in harbour
porpoise abundance during the construction of the wind farm
(Carstensen et al 2006, Tougaard et al 2006b). In particular,
the installation of steel monopile foundations by means of
percussive pile driving represents a substantial impact on
harbour porpoises in an area covering several hundred km2


around the construction site (Tougaard et al 2009a, Brandt
et al 2011). One study in the western Baltic (Nysted offshore
wind farm) demonstrated a pronounced negative effect of
construction on the local abundance of harbour porpoises
(Carstensen et al 2006).


The operation of offshore wind farms is likely to present a
smaller impact than construction, but throughout an extended
period of time. Noise levels from operating turbines, as well
as from shipping needed for surveillance and maintenance,
are expected to be low and local, i.e. inside the wind farm
and in the immediate vicinity of the wind farm (Madsen
et al 2006, Tougaard et al 2009b). Nevertheless, at Nysted
only a partial recovery of harbour porpoises two years into
the operational period was recorded (Tougaard et al 2005),
indicating that animals were displaced during construction and
did not exploit this habitat to the same extent as they had done
previously.


Potential positive effects of offshore wind farms have
also been discussed and include an increase in biodiversity
and possibly also biomass of prey species due to the
addition of hard substrates (foundations and scour protection
around foundations) to the otherwise monotonic sandy bottom
(Petersen and Malm 2006). Often all or some types of
fisheries are excluded from wind farms, which could lead
to less disturbance of the bottom fauna (e.g. due to bottom
trawling), a reduced mortality of fish and a reduced bycatch of
porpoises (e.g. in set nets). Furthermore, the general exclusion
of shipping activity, apart from maintenance and research in
the park, might also play an important role, particularly in an
area as heavily used by vessels as the southern North Sea.


2. Materials and methods


The occurrence of harbour porpoises in the Offshore Wind
Park Egmond aan Zee and two reference areas was studied
by stationary acoustic monitoring during a period prior to
construction (June 2003 to June 2004, denoted baseline) and
a similar period during normal operation of the wind farm two
years after the construction was completed (April 2007 to April
2009, denoted operation).


The use of stationary acoustic monitoring was considered
to be the most adequate method because free-swimming
porpoises in the wild have been shown to vocalize almost
constantly, rarely remaining silent for more than a minute at
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Figure 1. Offshore wind farm Egmond aan Zee with positions of the
individual turbines and the eight monitoring stations (AT1–AT8).


a time (Akamatsu et al 2005, 2007). This means that recorded
acoustic activity can be expected to be a direct indicator of
porpoise presence. Based on the inter-pulse interval, the
maximum range at which free-swimming porpoises can detect
an object is estimated to be about 100 m (Villadsgaard et al
2007). Thus, it can be safely assumed that porpoises swimming
inside a wind farm will not detect the foundations most of
the time. Stationary acoustics have been used successfully in
other studies investigating behaviour, habitat use as well as
the impact of human activities on porpoises (e.g. Carlström
2005, Carstensen et al 2006, Todd et al 2009). Furthermore,
current studies (Kyhn 2010) indicate that acoustic activity of
harbour porpoises is directly related to the local abundance
of animals and in the future might even be used to estimate
density (Tougaard 2008).


The study site is located in the North Sea, west of Egmond
aan Zee in the province of North Holland (The Netherlands)
(figure 1). The wind farm is located 10–18 km offshore and
covers approximately 27 km2 with a water depth of 15–19 m
(NoordzeeWind 2008). The distance between the monopiles
in the wind farm ranges from 0.6 to 1.1 km. The wind farm
consists of 36 Vestas V90 wind turbines with a hub height of
70 m above sea level, each with a nominal capacity of 3 MW.
Turbines are mounted on steel monopile foundations (4.6 m
diameter), extending 30 m into the seabed which consists of
hard sand (NoordzeeWind 2008). Scour protection consists of
a filter layer with an armour layer of natural stones on top, the
latter extending about 18 m from the monopile. Construction
began in April 2006 and all turbines were installed by August
2006. The wind farm was commissioned for normal operation
on 1 January 2007. About 10 km to the west of the Offshore
Wind Park Egmond aan Zee, a second wind farm was built, the
Princess Amalia Wind Farm. Construction at this site began in
October 2006; the 60 turbines were installed by April 2007 and
the wind farm has been fully operational since June 2008.


Eight stationary passive acoustic monitoring stations were
established. Two stations were placed within the wind farm (at
least 260 m away from the closest monopile) and a total of six
stations were placed in two reference areas, designated Control
N (three stations north of the wind farm) and Control S (three
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stations south of the wind farm) (figure 1). All stations were
placed at least 1.8 km apart to ensure independence between
stations in the recordings of harbour porpoises. Reference
areas were placed approximately 10 km from the wind farm.
This distance and location were chosen to cover similar overall
biotic and abiotic environmental conditions as in the wind
farm, yet outside the potential range of influence of the wind
farm.


Stationary acoustic monitoring was done by means of T-
POD porpoise detectors (Chelonia Inc., Cornwall, UK). The
T-POD consists of a hydrophone, an amplifier, a number
of band pass filters and a data logger that continuously
logs echolocation click activity of porpoises. It processes
the recorded signals in real-time and only logs time and
duration of sounds that fulfil a set of acoustic criteria set
by the user to match the specific characteristics of porpoise
echolocation clicks. The T-POD operates with six separate
sets of settings employed sequentially. During this study all
channels had identical settings. The detection of porpoise
signals is performed by comparing signal energy in a narrow
band pass filter centred at 130 kHz with another narrow
band pass filter centred at 90 kHz. Any signal, which has
substantially more energy in the high filter relative to the low
filter, is highly likely to be either a porpoise or a man-made
sound (echosounder or boat sonar). Two versions of T-PODs
were used in this study: version 3 (v3) and version 5 (v5). Both
versions function according to the same general principles with
the main difference that the v3 is equipped with 32 MB of
memory whereas the capacity of the v5 is 128 MB. The T-
PODs were powered by 12 or 15 alkaline D-cells batteries,
respectively, which gives a maximum logging period of about
120 days. During operation v5 T-PODs were introduced and
used interchangeably and on some occasions deployed together
with v3 T-PODs to assess systematic differences in sensitivity
between the two versions. Settings for T-PODs were: A
filter: 130 kHz, B filter: 90 kHz, max. no. of clicks per
scan: 160 min. click duration 30 µs. Specific settings for
v3 were A/B ratio: 5, A filter integration time: short, B-
filter integration time: long, sensitivity: 6. Specific settings
for v5 were: Bandwidth: 5, gain control ‘+’, Sensitivity: 10.
V5 T-PODs were individually calibrated according to Kyhn
et al (2008) and with one exception found to have comparable
detection thresholds. The deviating T-POD was returned for
repair before being used in the study.


The mooring used for the T-PODs was a scaled-up version
of the moorings used in similar studies (see Dudzinski et al
2011) designed to withstand high currents, heavy shipping and
beam trawling with heavy gear. The T-POD was deployed from
a 380 kg anchor block at a height of approximately 2 m above
the seabed (figure 2). It was connected to one (in the wind
farm) or two (in the reference areas) additional anchor blocks
of about 2000 and 4000 kg, each marked by a surface buoy
(figure 2). The eight T-PODs were serviced at regular intervals
and data was downloaded on to a PC.


The downloaded acoustic signals were compiled using
Version 8.17 of the software ‘tpod.exe’ (supplied by the
manufacturer of the T-PODs) to extract harbour porpoise
echolocation clicks using an algorithm that filters out non-
porpoise clicks. Porpoise click trains are recognizable by a


Figure 2. Schematic setup and photos of the T-POD mooring.


gradual change of click intervals throughout a click sequence,
whereas boat sonars and echosounders have highly regular
repetition rates. The train filter used was ‘cetacean-all’ (for
details on the filtering, see Kyhn et al 2008). Data were
subsequently exported for statistical analysis as clicks per
minute.


In line with previous studies (e.g. Carstensen et al 2006)
four indicators were extracted from the exported T-POD data.
The recorded number of clicks per minute, denoted xt , was
aggregated into daily values of:


PPM = porpoise positive minutes


= Number of minutes with clicks


Total number of minutes
= N{xt > 0}


Ntotal


Clicks per PPM = 1


N{xt > 0}
∑


xt >0


xt .


PPM is expressed as a percentage and thus indicates the
fraction of the day (out of 1440 min for a full day of recordings)
wherein one or more porpoise click trains could be detected.
Clicks per PPM indicates the daily average number of clicks in
minutes where clicks were detected.


The series of clicks per minute, xt was also converted
into a point process in which xt was considered a sequence
of porpoise encounters within the T-POD range of detection,
separated by silent periods without any clicks recorded
(Carstensen et al 2006, Tougaard et al 2009a). All click trains
separated by less than 10 min of silence were considered to
belong to the same encounter. Two indicators were defined:
(1) encounter duration = number of minutes between two
silent periods, and (2) waiting time = number of minutes
in a silent period >10 min. Encounter duration and waiting
times were computed from data from each T-POD deployment,
individually identifying the first and last encounters and the
waiting times in-between. Encounter duration and waiting
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Table 1. Overview of factors.


Factor Levels Description


Area Fixed Impact; Control Spatial variation between both control areas and
impact area (wind farm)


Subarea(area) Fixed Control N; Control S; Impact Spatial variation between the three areas
Station (area subarea) Random AT1–AT8 Station-specific variation (variation among


stations) within each of the three areas
Period Fixed Baseline; operation Difference between baseline and operation period
Year Random 2003, 2004, 2007, 2008, 2009 Variation between years nested within the two


periods baseline and operation
Month Fixed Jan–Dec Seasonal variation by means of monthly values
Podtype Fixed v3; v5 Difference between v3 and v5 T-PODs
Podid Random 20 Pod serial numbers Random variation between individual T-PODs


time observations were assigned in time to the midpoint of the
encounter or waiting time.


The difference between the two T-POD types (v3 and v5)
was investigated by conducting a paired analysis of the two
daily indicators (clicks per PPM and PPM) using only data
from deployments days, where data was available for both
types for an entire day at the same station. The indicators
were then related by means of least squares regression. A few
observations, one for clicks per PPM and three for PPM, were
identified as outliers and excluded from the regression analysis.
A similar comparative analysis could not be carried out for
encounter duration and waiting time because observations of
these indicators cannot be paired over time in the same manner
as clicks per PPM and PPM, i.e. between the two T-POD types
encounters and waiting times do not always match across time.


The four indicators were analysed according to a modified
before–after control-impact (BACI) design (Green 1979) that
included station-specific and seasonal variation. Variation in
all four indicators was assumed to be potentially related to
eight factors (five fixed and three random) and combinations
thereof (table 1).


Four of the fixed factors (area, period, month as well
as nested factor subarea(area)), and their seven interactions,
describe the spatial–temporal variation in the echolocation
activity, whereas podtype describes a potential monitoring bias
from replacing v3 with v5 T-PODs. The use of different T-POD
versions was assumed not to interact with the spatial–temporal
variation, and consequently interactions between podtype
and all the spatial–temporal components (first six factors in
table 1) were disregarded in order to limit the model. Thus,
variations in the echolocation indicators, after appropriate
transformation, were assumed to be normal-distributed with a
mean value described by the equation:


µi jklm = areai + subarea(area) j (i) + periodk + areai


× periodk + subarea(area) j (i) × periodk + monthl


+ areai × monthl + subarea(area) j (i) × monthl


+ periodk × monthl + areai × periodk × monthl


+ subarea(area) j (i) × periodk × monthl + podtypem (1)


where subscripts i, j, k, l and m indicate the various levels of
area, subarea, period, month and podtype, respectively.


Random effects of the model included station (area
subarea) and year (period) and their interactions with the fixed


factors in (1) as well as pod id (podtype) that has a version-
specific variance, i.e. captures a difference in magnitude of
random variation between T-PODs for v3 and v5.


The temporal variation in the indicators was assumed to
follow an overall fixed seasonal pattern described by monthly
means, but fluctuations in the harbour porpoise density in the
region on a shorter timescale may potentially give rise to serial
correlations in the observations. For example, the waiting time
following a short waiting time is likely to be short as well.
Similar arguments can be proposed for the other indicators.
In order to account for any autocorrelation in the residuals we
formulated a covariance structure for the random variation by
means of an ARMA(1, 1)-process (e.g. Chatfield 1984) subject
to observations within separate deployments, i.e. complete
independence was assumed across gaps in the time series.


Transformations, distributions and back-transformations
were selected separately for the different indicators by
investigating the statistical properties of the data. PPM was
transformed using an angular-transformation (arcsin


√
y), the


three other indicators were log-transformed. Waiting times had
a natural bound of 10 min imposed by the encounter definition,
and we therefore subtracted 9 min from these observations
before taking the logarithm in order to derive a more typical
log normal distribution. Applying the log-transformation thus
implies that the additive factors as described in equation (1)
are multiplicative on the original scale. This meant that, for
example, the seasonal variation was described by monthly
scaling means rather than by additive means.


The data comprised an unbalanced design, i.e. uneven
number for the different combinations of the factors in the
model, and arithmetic means by averaging over groups within
a given factor may therefore not reflect the ‘typical’ response
of that factor because the model does not take other effects into
account. Typical responses of the different factors were instead
calculated by marginal means (Searle et al 1980) where the
variation in other factors was taken into account.


The statistical analyses were carried out within the
framework of mixed linear models (McCullagh and Nelder
1989, Littell et al 1996) by means of PROC MIXED in
the SAS system (SAS Institute 2003). Statistical testing
for fixed effects (F-test with Satterthwaite approximation for
denominator degrees of freedom) and random effects (Wald Z)
were carried out at a 5% significance level (Littell et al 1996).
The F-test for fixed effects was partial, i.e. taking all other
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factors of the model into account, and non-significant factors
were removed by backward elimination and the model re-
estimated. Only the final models, after eliminating all non-
significant factors, are presented in the results.


The factor areai × periodk , also referred to as the
BACI effect, describes a step-wise change (from baseline to
operation) in the wind farm different from that in the control
areas. A significant BACI effect implies that changes in
activity in the wind farm area from baseline to operation differ
from changes in the control area. In other words, any changes
in the wind farm area from baseline to operation cannot alone
be explained by general changes in the area but must be
ascribed to the impact (i.e. the presence of the wind farm).


3. Results


There were a total of 5228 active station days (defined as one
day of 24 h of T-POD monitoring data from one station). More
than twice as many active station days were collected during
the operation period (n = 3507) than during the baseline
(n = 1721). The area Control S had the highest number
of active station days (n = 2081), followed by Control N
(n = 1718) and the wind farm area (n = 1429). The data was
relatively evenly distributed across the eight positions ranging
from 458 station days at AT1 to 838 station days at AT8. A total
of 2565 station days were recorded with v3 T-PODs (49%) and
2663 station days were recorded with v5 T-PODs (51%), and
of these 123 station days had simultaneous recordings on the
two versions at the same position.


Periods of no recording were due to various logistical
issues, such as loss of T-PODs, T-POD failure and memory
limits of T-PODs. Several T-PODs were lost from their
moorings but most were later found washed up on the coast.
Useable data was downloaded up to the point of detachment
from the mooring.


3.1. Porpoise acoustic activity


Daily average clicks per PPM could be calculated for 3795
station days. Twenty-seven per cent of the deployment days
were silent, most of these occurred between May and August.
Encounter duration (n = 22 181) and waiting time between
encounters (n = 22 087) were calculated from the data. The
two control areas (Control N and S) each had approximately
6500 encounters and waiting times, whereas the impact area
had almost 9000. The numbers of encounters and waiting times
across the eight positions ranged from ∼1900 at AT1 to ∼4600
at AT5. There were more than twice as many encounters and
waiting times during operation compared to baseline, partly
explained by the longer deployment time. For the 2 periods
and eight positions the relative variation in encounter duration
(CV = 123–259%) and waiting time (138–369%) was larger
than for the clicks per PPM but similar to PPM, however,
there were also approximately four times as many observations
during the operational versus the baseline phase. Both duration
and waiting time distributions were strongly skewed to the
right, supporting the log-transformation, with observations
exceeding 1 h for encounter duration and 5 days for waiting
time.


Figure 3. Station-specific averages of the four indicators. Stations
within each area are ranked from west to east. PPM: porpoise
positive minutes per day; Clicks/PPM: clicks per porpoise positive
minute per day.


Encounters were on average 72% longer during operation
than during the baseline period, whereas waiting times in the
operation period were only 39% of those observed during the
baseline. Marginal means for the four indicators at all stations
are shown in figure 3.


3.2. Intercalibration


Combining the clicks per PPM and PPM indicators for the five
positions for those days at which two T-PODs were deployed
together resulted in 116 indicator values for clicks per PPM and
PPM. There were significant correlations between the indicator
values obtained with the two types of T-PODs, but the slopes of
the intercalibration curves were not significantly different from
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1, indicating that v3 and v5 recorded the same echolocation
activity. The two versions were thus considered to be equally
sensitive and no adjustment for the change from v3 to v5 was
done.


In the model, T-POD specific variation was found to be
non-significant for the four indicators, both as a systematic
bias between v3 and v5 and as a difference in the variation
between T-PODs for the two versions. Although v5 yielded
slightly higher echolocation activity than v3 in the models,
the bias was not significant relative to the large overall
residual variation when the T-PODs were deployed in a natural
environment. These results correspond to those obtained from
the intercalibration of the two T-POD types on a reduced
data set.


3.3. BACI analyses (effect of wind farm)


The model for spatial–temporal variation as well as T-
POD specific variation (equation (1)) and an ARMA(1, 1)
correlation structure was computed for the four indicators.
Only 6 out of the 12 fixed effects in equation (1) could
significantly explain variation in the echolocation indicators
(table 2). All four indicators showed a significant increase
in echolocation activity from baseline to the operation period
(table 2): clicks per PPM increased from 33.8 clicks min−1


to 46.7 clicks min−1, PPM more than tripled from 0.22% to
0.68%, encounter duration increased from 3.4 to 4.5 min, and
waiting times decreased from 13.7 to 6.7 h.


The significance of area × period indicates that
echolocation activity in the impact area increased more than in
the reference area (figure 4). Echolocation activity was similar
in the two areas during the baseline period, but increased
significantly more during the operation period in the impact
area. The increase in the impact area relative to the reference
areas was 28% for clicks per PPM, 160% for PPM, 24%


Table 2. Significance testing of fixed effects in equation (1) for the
four indicators after removing non-significant fixed and random
effects.


Click PPM PPM


Fixed effects DFs F P DFs F P


Area 1, 138.6 22.0 <0.0001 n.s.a


Subarea(area) n.s 1, 13.0 16.2 0.0014
Period 1, 21.8 38.5 <0.0001 1, 31.8 12.1 0.0015
Area × period 1, 139.9 13.9 0.0003 1, 12.6 6.9 0.0213
Month 11, 17.2 4.1 0.0046 11, 21.0 8.4 <0.0001
Area × month n.s. 11, 110.4 2.7 0.0037


Encounter duration Waiting time


Fixed effects DFs F P DFs F P


Area 1, 164.6 8.41 0.0042 1, 150.9 7.8 0.0059
Subarea(area) 1, 157.1 11.07 0.0011 1, 142.2 39.0 <0.0001
Period 1, 37.8 15.03 0.0004 1, 22.4 9.1 0.0062
Area × period 1, 167.5 5.93 0.0159 1, 152.4 5.6 0.0195
Month 11, 23.1 6.15 0.0001 1, 20.5 9.9 <0.0001
Area × month n.s. n.s.


a Results for non-significant tests not included.


for encounter duration and a 33% decrease in waiting time
(figure 4).


For baseline and operation period combined, there
was a significant difference in clicks per PPM between
the reference area (36.7 clicks min−1) and the impact area
(43.0 clicks min−1), but no difference between the reference
areas Control N and Control S. For PPM the difference
between reference area (0.34%) and impact area (0.51%) was
not significant, but between Control N (0.50%) and Control S
(0.20%) it was significant. The mean encounter duration for
the reference area (3.7 min) was significantly lower than in the
impact area (4.2 min), and for the two reference areas Control
N had a significantly higher encounter duration (3.9 min)


Figure 4. Mean values for combinations of T-POD data within reference and impact areas and period back-transformed to the original scale
for comparisons of the two areas and the two periods. Error bars indicate 95% confidence limits for the mean values. Variations caused by
differences in subareas (Control N and S) and months have been accounted for by calculating marginal means.
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Figure 5. Monthly means for the four indicators after back-transformation for baseline and operation period combined. Error bars show 95%
confidence limits of the mean values. Variations caused by differences in area, subarea and period have been accounted for by calculating
marginal means. Only PPM showed significantly different seasonal variation in the two areas and is thus plotted separately.


than Control S (3.4 min). The mean waiting time in the
reference area (10.7 h) was significantly higher than in the
impact area (8.6 h), but there was also a significant difference
between Control N (8.6 h) and Control S (13.4 h). Overall,
all four indicators showed that the impact area had the highest
echolocation activity together with Control N (at almost the
same level), whereas Control S had the lowest activity level.


3.4. Temporal variation


All four indicators were characterized by a significant seasonal
variation that was common to both the reference and impact
area, except for PPM (table 2). Echolocation activity was
generally high during the winter months and low during the
summer months (figure 5). Mean clicks per PPM varied from
28 clicks min−1 in May to 46 clicks min−1 in February. The
seasonal pattern for PPM was not common to the reference and
impact area. Most of the year PPM was highest in the impact
area, but in the low echolocation activity months (April, May
and June) as well as November more clicks were recorded in
the reference area relative to the impact area. Overall, for the
two areas combined PPM varied from 0.01% in June to 1.78%
in January. Encounter duration displayed a pattern quite similar
to clicks per PPM ranging from 2.7 min in May to 5.6 min
in January. Waiting times had the reverse pattern with the
shortest median waiting times in January (2.9 h) and the longest
waiting times in May (49.8 h), i.e. more than two days between
encounters.


Two random factors were consistently significant for
all four indicators. The factor month × year (period)
describes changes in the seasonal pattern between years for
the two periods and station × month × year (area subarea


period) describes that this random seasonal pattern also varies
significantly at the station level. In addition, the random
factor station × year (area subarea period) describing random
shifts across stations from year to year in the two periods,
was significant for PPM only. Finally, for all indicators
the correlation structure of the residuals (cf ARMA(1, 1)
dependency) was significant, although for clicks per PPM
and PPM the correlation structure of the residuals could be
reduced to an AR (1) process. The significant autocorrelation
suggests that porpoise echolocation activity follows smaller
scale temporal variations (order of days) in addition to the
overall seasonal pattern, i.e. consecutive days have similar
echolocation activity.


4. Discussion


T-POD monitoring demonstrated a substantial increase in
acoustic activity from baseline to operation at all stations
(significant factor period) indicating an increase in the number
of porpoises occurring in the area as a whole. This is in
line with conclusions from a number of other studies that
indicate a general increase in harbour porpoise abundance
in Dutch waters over the last two decades (Hammond et al
2002, SCANSII 2008). For Dutch waters, some quantitative
information on coastal abundance is provided by systematic
‘seawatching’ counts carried out by the Dutch Seabird Group.
Although initiated for birds, data on the presence of marine
mammals has also been collected since its initiation in 1972.
It is clear from the data that the relative abundance of harbour
porpoises observed has increased substantially since the mid-
1990s (Camphuysen 2004).
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We observed a strong and significant seasonal pattern
in porpoise echolocation activity (all four indicators) during
both the baseline and operation study period. Most acoustic
detections were recorded in the winter months (December to
March) with very few recorded during early summer (almost
no detections in May and June). Camphuysen (2004) describes
a seasonal pattern of harbour porpoise occurrence along the
Dutch coast with most animals observed between February
and April. A similar pattern has been described for the
Borkum Reef Ground, close to the Dutch–German border,
where the highest densities of porpoises are observed during
spring (Gilles et al 2009). This pattern of high densities in
winter and spring differs distinctly from areas further north,
such as the German Bight and at Horns Reef, where the highest
densities are observed in the summer months (Scheidat et al
2004, Siebert et al 2006, Tougaard et al 2006b).


The results of this study showed a pronounced and
significant increase in harbour porpoise acoustic activity inside
the operating wind farm, compared to the baseline conditions
before construction began. This was far more than the
general increase which was apparent in the control areas from
baseline to operation. The fact that when comparing baseline
to operation no significant changes were found between the
northern and the southern reference areas, or in seasonality
patterns between areas (factors subarea(area) × period and
area × period × month, respectively) suggests that the effect
is genuinely linked to the presence of the wind farm, as it
cannot be explained by either a general north–south change in
distribution of porpoises or a local change in the seasonality
pattern within the wind farm.


We do not know what caused the local change in
habitat use of porpoises in reaction to the wind farm.
At least two possibilities, or a combination thereof, are
conceivable: (1) an increase in food (reef effect) and/or (2) an
avoidance of disturbance (sheltering effect). A number of
studies have shown that the introduction of hard substrates
(turbine foundations and scour protection) changes the species
composition of the otherwise homogeneous sandy bottom
(Petersen and Malm 2006, Leonhard and Pedersen 2006) and
is likely followed by an increase in production, as sessile
organisms can gain access to the more productive upper layers
of the water column. The fish communities could also change
due to a reduction or exclusion of fishery activities in the
wind farm. Dutch waters are under intense fishing pressure,
in particular heavy beam trawling for sole and other flat fish
(Rijnsdorp et al 1998). For the Offshore Wind Farm Egmond
aan Zee all vessel traffic is prohibited in the farm as well
as in a marginal 500 m buffer zone (with the exception of
vessels on behalf of the authorities, maintenance and research
vessels working in the wind farm). This effectively means
that no fishing takes place in the wind farm. A reduction
of fishing activity will lead to less disturbance to the bottom
fauna as well as an overall reduced mortality of fish. Two
studies have investigated the fish community and the pelagic
fish occurrence in the Egmond aan Zee wind farm before
and after construction. They observed that species richness
as well as relative abundance increased overall from the
baseline to the operation study. For some species, such as


sole, whiting and striped mullet, a significant increase in
the wind farm was found during the summer (ter Hofstede
2008). A study of pelagic fish along the Dutch coast could
not find a clear and direct effect of the wind farm, probably
due to the highly dynamic pelagic fish community (Ybema
et al 2009). Although harbour porpoises are considered
opportunistic feeders with a wide range of prey species, in the
North Atlantic they mainly feed on small shoaling fishes from
both demersal and pelagic habitats (Santos and Pierce 2003).
It remains to be demonstrated that the observed changes in the
fish community actually lead to higher abundance of preferred
prey of porpoises and thus improved conditions for porpoises
as well.


A sheltering effect, by exclusion of most ship traffic
from the wind farm and the buffer zone is also a conceivable
explanation for the observed increase in porpoises. The south-
eastern part of the North Sea, along the coasts of Belgium
and the Netherlands, is among the busiest waterways in the
world. It is utilized by fishery, tourist and military vessels,
several ferry lines, as well as cargo ships moving to and from
major continental ports such as Rotterdam and Hamburg. Herr
et al (2005) have shown a negative correlation between harbour
porpoise occurrence and vessel traffic. It is therefore possible
that porpoises find wind farms attractive because the conditions
outside the farm are more unfavourable. Between the two study
periods in Egmond aan Zee, a second wind farm, Princess
Amalia Wind Park, was built at a distance of about 10 km
from the wind farm Egmond aan Zee. Installation of the wind
turbines (i.e. pile driving) was finished by April 2007, thus a
direct effect of construction noise on porpoise abundance in
Egmond aan Zee is unlikely. However, it is conceivable that
the continued construction activities in Princess Amalia Wind
Park also impacted the distribution of porpoises in Egmond aan
Zee in some way.


The observed increased porpoise acoustic activity in the
Egmond aan Zee wind farm is in contrast to findings from
other wind farm studies of comparable size (both regarding
the number and size of turbines). In the Danish offshore
wind farm Nysted, located in the Western Baltic close to
the Darss Sill, a strong negative effect of construction was
observed on the occurrence of harbour porpoises in the wind
farm area and adjacent reference area (Carstensen et al 2006).
This negative effect extended into the operation period, where
porpoise activity within the wind farm was still reduced two
years after construction, whilst it had returned to baseline
levels in the reference area (Tougaard et al 2006a). The
cause behind the reduction has not been identified and it is
currently unknown whether porpoise activity has re-established
to baseline levels in the wind farm. However, it is important
to note that there are many differences between the general
ecology of the two locations where Nysted wind farm and
offshore wind farm Egmond aan Zee are located. Offshore
wind farm Egmond aan Zee is located in the open North Sea in
an area dominated by hydrographical frontal systems created
by the efflux from large rivers, most notably the Rhine. Nysted
is located in near-brackish waters with a bottom substrate of
bare sand and sand overlaid with mud. It displays a lower
overall biodiversity of marine species as well as a lower overall
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density of harbour porpoises. There is also a difference in
terms of wind farm construction, with Nysted wind turbines
consisting of concrete caisson foundations, whereas Horns Rev
1, a wind farm located on Horns Reef at the northern border
of the German Bight, and offshore wind farm Egmond aan
Zee have monopile foundations. It is thus not immediately
evident whether the different effects of the two wind farms
on harbour porpoises can be attributed to differences in the
parks per se (e.g. differences in turbine types or foundation
or even a memory effect relating to differences in disturbance
during construction) or whether general ecological differences
between the two areas causes harbour porpoises to respond
differently to the presence of the wind farm.


At Horns Rev 1 a pronounced effect of construction was
observed but with complete recovery to baseline levels during
the first year after the wind farm was put into regular operation
(Tougaard et al 2006b). The Horns Rev 1 is similar to offshore
wind farm Egmond aan Zee in respect to its location in the open
North Sea and the occurring riverine frontal systems. However,
the Horns Reef area is hydrographically much more complex
due to the presence of a long shallow reef which acts as a strong
damping barrier to the tidal current. Thus, as with Nysted, it
is not immediately evident whether the different effects of the
wind farms (no effect at Horns Rev 1, positive effect at offshore
wind farm Egmond aan Zee) are due to differences between the
areas or the wind farms themselves. This conclusion is of great
importance in planning future wind farms as it stresses the fact
that results from one wind farm are not necessarily transferable
to other wind farms located in different areas.


Monitoring was not undertaken during construction of the
offshore wind farm Egmond aan Zee and it is thus not possible
to comment on the effects on porpoises during this period.
However, the installation of steel monopile foundations by
means of percussive piling has been shown to affect porpoise
behaviour at distances of at least 20–30 km from the piling site
and for durations of up to 24 h (Brandt et al 2011, Tougaard
et al 2009a). As monopile size and installation procedure used
in offshore Wind Farm Egmond aan Zee was comparable to
the wind farms at Horns Reef it can be expected that harbour
porpoises were affected in a similar way during construction.
The present data (operation) show that the effect year (period)
was not significant and no difference could be seen between the
three post-construction monitoring years (2007–2009). This
implies that either there was little long-lasting construction
effect on harbour porpoise distribution (which is unlikely
considering the results from Horns Reef), or that recovery after
construction occurred fairly quickly.


In summary, the results of this study show that the acoustic
activity of harbour porpoises, and thereby the number of
animals, increased in the wind farm area during our study
period. This observed effect of the wind farm is most
likely a net effect, i.e. positive factors (such as increased
food availability and/or shelter) outweigh any negative factors
(primarily underwater noise from turbines and service ships).
These results should be generalized with caution and not be
uncritically transferred to other wind farms in other habitats
as the balance between positive and negative factors may be
different under different conditions.
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SUMMARY


The question of how individuals acquire and allocate
resources to maximize fitness is central in evolu-
tionary ecology. Basic information on prey selection,
search effort, and capture rates are critical for under-
standing a predator’s role in its ecosystem and for
predicting its response to natural and anthropogenic
disturbance. Yet, for most marine species, foraging
interactions cannot be observed directly. The high
costs of thermoregulation in water require that small
marine mammals have elevated energy intakes
compared to similar-sized terrestrial mammals [1].
The combination of high food requirements and their
position at the apex of most marine food webs may
make small marine mammals particularly vulnerable
to changes within the ecosystem [2–4], but the lack
of detailed information about their foraging behavior
often precludes an informed conservation effort.
Here, we use high-resolution movement and prey
echo recording tags on five wild harbor porpoises
to examine foraging interactions in one of the most
metabolically challenged cetacean species. We
report that porpoises forage nearly continuously
day and night, attempting to capture up to 550 small
(3–10 cm) fish prey per hour with a remarkable prey
capture success rate of >90%. Porpoises therefore
target fish that are smaller than those of commercial
interest, but must forage almost continually to meet
their metabolic demands with such small prey, leav-
ing little margin for compensation. Thus, for these
‘‘aquatic shrews,’’ even a moderate level of anthro-
pogenic disturbance in the busy shallow waters
they sharewith humansmay have severe fitness con-
sequences at individual and population levels.


RESULTS


The harbor porpoise (Phocoena phocoena), the smallest ceta-


cean inhabiting cold temperate waters of the Northern Hemi-

Curre

sphere, has been described as ‘‘living life in the fast lane’’ [5].


Compared to other toothed whales, it matures at an earlier


age, reproduces more frequently, and has a shorter lifespan


[5]. Its small size in cold water gives rise to a high relative


heat loss and limits the amount of energy it can store


with respect to its metabolic rate, making it sensitive to


starvation [6, 7]. Harbor porpoises are therefore hypothesized


to feed at high rates year-round, capturing up to 10%


of their body weight in fish per day [6, 7] to support their meta-


bolic requirements.


Porpoises, like other toothed whales, use echolocation to find,


track, and intercept individual prey, producing distinctive low-


level, rapid click sequences, termed buzzes, when closing on


prey [8, 9]. The first deployments of sound-detecting tags on har-


bor porpoises assumed a stereotyped acoustic behavior during


prey pursuits [9] and recorded low rates of possible feeding


events, between 5 and 62 per day [10]. Although, the settings


of the deployed tags likely led to an underestimation of the num-


ber of possible feeding events, the results suggest that these


predators must target relatively large, energy-rich prey with


high success rates to meet their predicted metabolic demands.


This is inconsistent with the stomach contents of bycaught and


stranded individuals [11], which suggest a main food source


comprising large numbers of relatively small fish prey, primarily


<25 cm and frequently <5 cm in length. If porpoises do target


large fish, the extent of their dietary overlap with commercial


fisheries may be greater than hitherto assumed. Conversely,


given that porpoises inhabit some of the most industrialized wa-


ters of the world’s oceans, targeting very small prey at high rates


would mean that even moderate behavioral disruptions induced


by common anthropogenic stressors in their shallow water hab-


itats (e.g., [12]) could have immediate and serious consequences


for their fitness.


To resolve these conflicting reports on porpoise feeding


behavior, we investigated the foraging performance of five harbor


porpoises using new high-resolution sound and movement


recording digital tags (DTAGs) [13]. These suction cup attached


loggers acquire continuous 16-bit stereo sound at 500 kHz/chan-


nel while also sampling seven channels of movement sensors at


up to 625 Hz. The tagging was carried out under permission


from the Danish Forest and Nature Agency (NST-3446-00016)


and the Animal Welfare Division (Ministry of Justice, 2010-561-


1801). Analysis of the 15–23 hr deployments (Supplemental
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Figure 1. Buzz Rates Indicative of Prey Encounter Rates of Echolocating Harbor Porpoises


(A) Example dive profile from one porpoise. Individual buzzes are marked in red. The shaded area represents twilight (gray) and night (black).


(B–F) Hourly buzz counts for the five porpoises as recorded by attached tags. Numbers for the first and last incomplete hours are depicted with dashed lines. The


animal’s sex, age class, standard length (SL), tagging date, and location as well as the total number of buzzes (n) and the animal’s estimated success rate (SR;


mean and 95% confidence intervals) are provided in each panel. The digits in the names of the individuals indicate the year and Julian day of tag deployment.


See also Supplemental Experimental Procedures, Table S1, and Movie S1.

Experimental Procedures) revealed between 1,222 and 3,405


buzzes, giving prey encounter rates of 0–200/hour during the


day and 50–550/hour after dusk (Figure 1). Dive profiles and
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sea-floor echoes (see Movie S1 for example) indicated that por-


poises switched between near-surface, pelagic, and benthic


foraging during the day but performed primarily pelagic dives at
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Figure 2. Approach and Probable Capture of a Prey by a Harbor Porpoise


(A) Echogram (see also Movie S1) displaying sonar clicks and echoes recorded by a DTAG-3 tag attached to the porpoise about 5 cm behind its blowhole (i.e.,


about 20 cm from the tip of the animal’s rostrum). The image is a stack plot of sound envelopes synchronized to the outgoing clicks, as in an echosounder display.


The y axis indicates time elapsed from emitted clicks to returning echoes, expressed as target range from the sound source below the blowhole using a sound


speed of 1,500ms�1. Clicks emitted at rates of more than 125 Hz, corresponding to inter-click intervals (ICIs) shorter than the 8-ms time window chosen here, are


displayed repeatedly, making subsequent buzz clicks form a pattern akin to harmonics in the stack plot. The color scale indicates echo-to-noise ratio (ENR) on a


dB scale. Amplitude variations in the prey echo track individual tail strokes of the fish when it tries to escape (see Figure 3A for details of the fish echo trace).


(B) ICI color-coded for apparent output level (AOL) of echolocation clicks showing a 30-dB reduction in output energy during buzzes.


(C) Norm of jerk, i.e., the vector magnitude of the rate of change of acceleration as recorded by the tag. The high magnitude peaks most likely reflect rapid


movements in the gular region during generation of suction.


(D) Depth (blue) and heading (green) of the tagged porpoise over the same interval. To evaluate prey capture success, we formed similar figures for a subset of


buzzes for four of the tagged porpoises and presented them to four evaluators.

night. Click sound levels during buzzes were often very low (Fig-


ure 2B), and the acoustic behavior leading up to buzzes was var-


iable, likely explaining the low detection rate of feeding attempts


in earlier acoustic tagging studies [10].


To evaluate prey capture success, we formed echograms of


sound envelopes synchronized to outgoing clicks during buzzes


(Figure 2), thereby visualizing the self-generated auditory scenes


experienced by porpoises during prey pursuit [8, 13]. Given the


complexity of these scenes, we used trained assessors to judge

whether prey were captured. Four evaluators were presented


with figures containing the echogram, inter-click intervals, depth


profile, and differential acceleration (i.e., jerk; [8, 14]) (Figure 2;


Movie S1). Evaluators looked for decreasing prey echo return


times during buzzes accompanied by fast changes in accelera-


tion indicative of a strike when the target was close [8, 14] and


lack of prey echoes after the strike, interpreting these as suc-


cessful captures (Supplemental Experimental Procedures).


Based on 100 buzzes rated as success or fail per animal, the
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Figure 3. Determination of Prey Behavior and Size


(A) Expanded view of the echogram in Figure 2 showing the echo level (expressed as ENR) variation due to prey tailbeats.


(B) Range (blue) and closing speed (green) to the prey extracted from the echogram using a two-state Kalman-Rauch filter to track the prey echo. Negative values


of relative speed indicate when the porpoise is closing on the prey, while positive values occur when the prey and predator draw apart.


(C) Received level at the tag of each prey echo tracked by the Kalman filter, expressed as root-mean-squared (RMS) ENR. The prey appears to respond to the


approaching porpoise at a distance of 65 cm from the sound source (50 cm from the anterior rostrum), and oscillations in the echo level thereafter indicate tail


strokes of the escaping fish.


(D) Spectrogram of the echo level (interpolated to a regular time grid) showing the frequency (rate) of tail strokes. Each tail stroke requires two muscle con-


tractions, so the 36-Hz stroke rate here implies a contraction time of 14 ms. As minimum contraction time (and therefore highest stroke rate) is a function of body


length (BL) and water temperature, the maximum prey size can be deduced from the stroke rate in echograms, in this case BL < 5 cm. This is corroborated by the


escape speed of the prey: assuming that the porpoise maintains its initial closing speed of 1.4 m/s throughout the chase, the prey must attain a similar speed at


seconds 5.5 and 7.5 when the net speed is 0. This speed is consistent with a 5-cm fish stroking at 36 Hz with a stride of 0.8 BL. Inset in (C) shows the proportion of


fish sizes targeted by the tagged porpoises as inferred from tailbeat rates in 30 randomly selected echograms per animal.

success rate of four porpoises was estimated at 0.91–0.97 (Fig-


ure 1), with Cohen’s kappa coefficient of inter-rater agreement of


0.49–0.91 (mean ± SD: 0.73 ± 0.11) (see Supplemental Experi-


mental Procedures for details). Sliding of the suction cup


attached tag on a fifth animal (Figure 1C) precluded reliable


echogram evaluation. Prey echo traces frequently contained cy-


clic variations in echo level caused by the tail movements of


escaping fish (Figures 2 and 3). Frequency analysis of these


modulations (Figure 3; Supplemental Experimental Procedures)


on 30 randomly selected echograms per individual showed

1444 Current Biology 26, 1441–1446, June 6, 2016

that the porpoises were primarily targeting fish with maximum


body lengths of 3–10 cm.


DISCUSSION


Despite the fundamental importance of foraging interactions for


survival and fitness, fine-scale information on predation is scarce


for many species in the wild and most particularly for aquatic an-


imals. Advanced biologging tags have enabled studies of hunt-


ing in terrestrial (e.g., cheetahs [15]) and marine (e.g., pilot







whales [16]) predators, but it is rarely possible to obtain concur-


rent information about prey behavior. Here, we overcome this by


using the echolocation signals produced by porpoises them-


selves to track prey, effectively tapping into the predators’ own


sensory system. The low ambient noise in the frequency range


used by harbor porpoises coupled with click repetition rates of


more than 500 per second during buzzes enable detailed visual-


izations of individual prey encounters (Figures 2 and 3).


Tagged porpoises foraged nearly continuously, targeting


small prey with remarkably high capture success rates. Stom-


achs of adult harbor porpoises can accommodate up to 1.9 kg


of food [17], but the passage time of food through the digestive


tract is short at about 140min [2], supporting the ultra-high intake


rates measured here. Prey sizes of 3–10 cm estimated in this


study from tailbeat echo modulations are in general smaller


than prey found in stomach contents of bycaught individuals


[17]. This discrepancy [11] could indicate a bias toward detecting


remains of larger prey in stomach contents, diet shift of por-


poises toward smaller prey in recent years, or differences in


the study area. In either case, the consistently small fish targeted


by the four porpoises with measurable echograms suggest that


their diet has little overlap with commercial fisheries.


Very little is known about the foraging rates of small ceta-


ceans, but compared to larger toothed whales, instrumented


with similar tags, the high buzz rates documented here for por-


poises are truly exceptional: on a daily basis, they are about an


order of magnitude higher than those reported for sperm whales


[18], beaked whales [19], and pilot whales [16]. These deep-div-


ing species must allocate more time for transport between


mesopelagic prey and the surface, but, even at the base of


foraging dives, their capture attempts are far less frequent than


those of porpoises. The disparity in feeding rates likely reflects


bigger, and hence more energetic, prey items, being selected


by the deep-diving species. However, porpoises must also


require a higher energy intake per kilogram of body weight to


meet their high mass-specific metabolic rate resulting from a


low surface-to-volume ratio and consequential elevated heat


loss per unit mass compared to toothed whales that are 10–


700 times heavier [20]. Thus, porpoises seem to be compelled


by their small body size, cold water habitat, and chosen prey


size to hunt and capture thousands of fish per day.


Whether marine mammals in general have elevated metabolic


rates compared to their terrestrial counterparts has been a topic


of debate [21]. However, recent reviews convincingly support


earlier predictions [1] that small marine mammals do have field


metabolic rates 2–3 times higher than similar-sized terrestrial


mammals [20]. With their high estimated daily energy expendi-


tures, porpoises have been described as ‘‘aquatic shrews’’ [1].


Our results show that, like shrews, porpoises must feed nearly


continuously to support their high metabolic demands, leaving


very littlemargin to compensate for changes in their environment.


Failure to acquire sufficient energy when operating on an ener-


getic knife-edge may have rapid and severe fitness conse-


quences, giving them low resilience to disturbance: individual


porpoises have been reported to starve to death in less than a


week [22]. The effects of frequent anthropogenic disturbance


[12] and changes in the marine ecosystem [2] on the foraging ef-


ficiency of porpoises and other small marine mammals in cold


water should therefore be of prime importance in future research.

EXPERIMENTAL PROCEDURES


Details of experimental procedures can be found within the Results and in the


legends for Figures 2 and 3. A full description can be found in Supplemental


Experimental Procedures.

SUPPLEMENTAL INFORMATION


Supplemental Information includes Supplemental Experimental Procedures,


one table, and one movie and can be found with this article online at http://


dx.doi.org/10.1016/j.cub.2016.03.069.
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(2003). Monitoring growth and energy utilisation of the harbour porpoise


(Phocoena phocoena) in human care. NAMMCO Scientific Publications


5, 107–120.


8. Wisniewska, D.M., Johnson,M., Nachtigall, P.E., andMadsen, P.T. (2014).


Buzzing during biosonar-based interception of prey in the delphinids


Tursiops truncatus and Pseudorca crassidens. J. Exp. Biol. 217, 4279–


4282.


9. Deruiter, S.L., Bahr, A., Blanchet, M.-A., Hansen, S.F., Kristensen, J.H.,


Madsen, P.T., Tyack, P.L., and Wahlberg, M. (2009). Acoustic behaviour


of echolocating porpoises during prey capture. J. Exp. Biol. 212, 3100–


3107.


10. Linnenschmidt, M., Teilmann, J., Akamatsu, T., Dietz, R., and Miller, L.A.


(2013). Biosonar, dive, and foraging activity of satellite tracked harbor por-


poises (Phocoena phocoena). Mar. Mamm. Sci. 29, E77–E97.


11. Börjesson, P., Berggren, P., and Ganning, B. (2003). Diet of harbor por-


poises in the Kattegat and Skagerrak Seas: accounting for individual vari-


ation and sample size. Mar. Mamm. Sci. 19, 38–58.


12. Dyndo, M., Wi�sniewska, D.M., Rojano-Doñate, L., and Madsen, P.T.
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Summary 
 
In response to concerns about the risk of collision between seabirds and offshore wind 
farms, the Offshore Renewables Joint Industry Programme (ORJIP) funded a study to collect 
data on seabird collision and avoidance rates at an operational wind farm, referred to as the 
Bird Collision Avoidance (BCA) study. Over the course of this study, it became clear that the 
data collected in relation to avoidance behaviour, termed empirical avoidance rates, may not 
be directly comparable to the avoidance rates as presently used by collision risk models, 
such as the Band model. The aim of this work is to consider how best to use the data 
collected as part of the ORJIP BCA study in order to inform pre-construction assessments of 
collision risk at offshore wind farms.  
 
Our analyses demonstrate how assumptions, both in relation to the model itself and, the 
data used in the model, can affect predicted collision rates. In particular, assumptions about 
seabird flight height and speed can have important implications for predicted collision rates. 
Of concern is the fact that reported seabird flight speeds were significantly lower than those 
typically used in existing guidance. This is important as flight speed is used by the Band 
model twice. Firstly, in the calculation of the total number of birds that may pass through a 
wind farm over a given time period and, secondly to estimate the probability that any 
individual bird may collide with the turbine blades. Flight speed may be estimated from the 
data collected as part of the ORJIP BCA study in two ways, either as a point estimate or, as 
an average of the speed at which the birds move through the wind farm. In order to be 
consistent with how the Band model is implemented, the point estimate of bird speed should 
be used to calculate the probability of a bird colliding and the average rate at which it moves 
through the wind farm should be used to estimate the total number of birds likely to move 
through the wind farm over a given time period.  
 
As suggested by previous studies, meso-avoidance appears to be a key component of 
overall avoidance behaviour, with most birds within a wind farm taking avoidance action well 
away from turbines. Recorded micro-avoidance rates were also high, although based on 
limited data and future studies should consider how best to maximise records of micro-
avoidance behaviour. Significantly, the number of birds crossing the turbine rotor-swept area 
and colliding appeared higher than the predictions made by the Band collision risk model, 
although this was based on limited data. Given evidence collected by the ORJIP BCA about 
birds flying in parallel to turbine blades, consideration should be given to taking this into 
account as part of calculations for the probability of collision.  
 
As may be expected, the empirical avoidance rates recorded as part of the ORJIP BCA 
study were higher than those collected previously. In part, this is because the avoidance 
rates used by the Band collision risk model incorporate elements of error, both in relation to 
the model itself and, in relation to the input parameters. However, by comparing collision 
rates recorded by the ORJIP BCA study to those that would have been predicted by the 
Band model in the absence of avoidance behaviour, we are able to recommend avoidance 
rates for use in the deterministic Band model of 0.995 for northern gannets and large gulls 
and 0.990 for black-legged kittiwake in relation to option 1 of the Band model and 0.993 for 
large gulls and 0.980 for black-legged kittiwake in relation to option 3 of the Band model. We 
were able to undertake further analyses in order to derive avoidance rates suitable for use in 
the stochastic collision risk model for black-legged kittiwake of 0.994 (95% CIs 0.976 - 
0.998) for option 1 and 0.970 (95% CIs 0.871-0.989) for option 3 and, for large gulls 0.997 
(95% CIs 0.992 - 0.999) for option 1 and 0.990 (95% CIs 0.974 - 0.995) for option 3. Note 
that the median values recommended for use in the stochastic collision risk models differ 
from the values recommended for use in the deterministic model, this relates to differences 
in the way in which flight height distributions are incorporated into the models. It should be 
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noted however that the values recommended for use in the deterministic model are within 
the 95% confidence intervals of those recommended for use in the stochastic model.  
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1 Introduction 
 
Offshore wind farms are seen as a key part of efforts to combat climate change (Snyder & 
Kaiser 2009). However, there are a number of significant concerns about the potential of 
these wind farms to have a negative impact on wildlife and biodiversity, particularly in 
relation to birds (Drewitt & Langston 2006; Gibson et al. 2017). Of particular concern is the 
potential for birds to collide with turbines (Thaxter et al. 2017; Furness et al. 2013; Garthe & 
Huppop 2004). 
 
To inform the planning process of the potential impacts of the effects associated with wind 
farms, detailed Environmental Impact Assessments (EIAs) are required. With respect to 
birds, a key component of these EIAs is a Collision Risk Model (CRM) which is used to 
predict the number of individuals of any given species at risk of collision. A variety of 
different CRMs are available (Tucker 1996; Band 2012) but, at their core, most combine an 
estimate of the number of birds within a collision window with an estimate of the probability 
of any individual bird colliding in order to forecast the number of likely collision events 
(Masden & Cook 2016). These models also require an understanding of bird avoidance 
behaviour, often referred to as the avoidance rate (Cook et al. 2014). Whilst some attempts 
have been made to measure avoidance behaviour empirically (Krijgsveld et al. 2011), more 
commonly, they have been estimated by comparing the number of recorded collisions with 
the number predicted prior to construction, in the absence of any avoidance behaviour (Cook 
et al. 2014). Consequently, whilst the avoidance rate is often thought to solely reflect the 
proportion of birds taking action to avoid collision, in reality it also accounts for uncertainty 
arising as a result of other factors including weather conditions and model error (Band 2012; 
Cook et al. 2014; Masden 2015). This is of concern as the CRM predictions themselves are 
known to be highly sensitive to assumptions about avoidance behaviour (Chamberlain et al. 
2006; Masden 2015). This sensitivity may contribute significant uncertainty into the decision-
making process, at significant cost to developers, decision-makers and other stakeholders 
(Masden et al. 2015). Furthermore, whilst no detailed comparisons have been made 
between predictions from CRMs and observed collision rates, some initial studies suggest 
that key assumptions, such as a linear relationship between abundance and collision risk, 
may not be realistic (de Lucas et al. 2008; Ferrer et al. 2012).  
 
As the size and number of offshore wind farms increases, the probability of estimated 
collision rates which are of a magnitude likely to have significant population level effects also 
increases. This poses a challenge for decision-makers who must balance the need to invest 
in renewable energy, in order to mitigate the impacts of climate change, with the need to 
minimise deleterious impacts on the environment (Green et al. 2016; Gibson et al. 2017). 
Consequently, there is a growing interest in exploring how well estimates from CRMs reflect 
true collision risk and, the extent of collision avoidance behaviour in vulnerable species. This 
interest culminated in an Offshore Renewables Joint Industry Programme (ORJIP) funded 
project on bird collision avoidance at an operational wind farm (Davies et al. 2013; Skov et 
al. 2018).  
 
In contrast to previous efforts to estimate avoidance behaviour, the ORJIP Bird Collision 
Avoidance (BCA) project collected data on empirical estimates of bird behaviour (Skov et al. 
2018). These estimates of bird behaviour can be used to describe the proportion of birds 
taking action to avoid collision with turbines. However, as they do not incorporate data 
describing model error or how birds respond in relation to other factors, for example weather 
conditions, these behaviour-based avoidance rates will not be directly comparable to those 
used to date. Consequently, it is important to understand how transferable these rates, 
termed empirical avoidance rates, are to the existing models.  
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We aim to assess how these empirical avoidance rates can be used to inform renewable 
energy development impact assessments and support decision making. We aim to achieve 
this by taking advantage of the data which have been collected by the ORJIP BCA project 
describing bird movements within an operational wind farm in fine detail. These data 
included records of both birds that did not collide and those which did. As we have an 
estimate of the number of birds which have collided over a given time period, we can use 
these data both to test how well a CRM performs and to understand how much uncertainty 
remains in collision estimates once empirical avoidance rates have been accounted for. 
 
The key aims of this project were: 
 


• To consider how best to use the information and outputs from the ORJIP funded BCA 
project to best assess collision risk at offshore wind farms. 


• Consideration of how the flux rate estimated as part of Options 1 & 3 of the Band 
(2012) model relate to the empirical avoidance rates estimated by the ORJIP BCA 
study. 


• Consideration of error introduced into the avoidance rates used by the Band (2012) 
model and the extent to which this is unaccounted for once empirical avoidance rates 
are applied. 


• To consider how the information collected as part of the ORJIP BCA study could be 
used to derive avoidance rates suitable for use in the Band (2012) model.  
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2 Methodology 
 
Uncertainty is introduced into the collision risk modelling process through the use of 
summarised data, often collected from unconnected sites, and through simplifications and 
assumptions in the modelling process. At present, this uncertainty is captured by a 
correction factor, often referred to as the avoidance rate. However, the relative importance of 
each of the sources of uncertainty which contribute to the avoidance rate is unclear. In order 
to determine how applicable avoidance rates, such as that derived from the ORJIP BCA 
study, are to CRMs, it is important to understand the magnitude of the uncertainty remaining 
once behaviour, and other measurable factors, have been accounted for. 
 
In this study we assess the results of the ORJIP BCA project, using data both from that 
project and from other surveys of the Thanet Offshore Wind Farm study site, and consider 
their application to the Band CRM (Band 2012). Specifically, we aim to compare estimates of 
the number of collisions expected in the absence of avoidance behaviour, based on pre-
construction density estimates of bird abundance and generic data describing bird 
behaviour, to estimates refined through introduction of site-specific data collected as part of 
the ORJIP BCA project. We use data describing bird density presented in the post-consent 
monitoring report for Thanet Offshore Wind Farm (Royal Haskoning 2013), data describing 
bird behaviour collected by observers using laser rangefinders on turbines G01 and G02 in 
Thanet Offshore Wind Farm and collisions recorded by cameras mounted on turbines D05 
and F04 within the Thanet Offshore Wind Farm (Skov et al. 2018).  
 
For the purposes of this analysis, we split the Band CRM into its component parts, as 
follows, to: 
 


1. identify the area in which to estimate collision risk (study area); 
2. estimate the flux rate, i.e. the total number of birds which may pass through the study 


area over the period of interest (study period); 
3. estimate the probability of a bird colliding with a turbine (Pcoll or Collint); 
4. estimate the proportion of birds flying at collision risk height (PCH); 
5. combine the data above in order to estimate the total number of expected collisions. 


 
We focus analyses on the five, key species covered by the ORJIP BCA study – northern 
gannet Morus bassanus, black-legged kittiwake Rissa tridactyla, lesser black-backed gull 
Larus fuscus, herring gull Larus argentatus and great black-backed gull Larus marinus. 
  
 


2.1 Defining area in which to estimate collision risk 
 
Data for this project were collected at the Thanet Offshore Wind Farm. Thanet is located on 
the east coast of the United Kingdom, in the Southern North Sea. It consists of 100 3 MW 
turbines (Table 1), covering an area of 35 km2. However, the data describing collisions were 
collected from cameras located on the northern edge of the wind farm. Collectively, these 
cameras were able to observe interactions between birds and eight other turbines (Figure 1). 
Consequently, we restricted our analyses to the area covered by these cameras (Figure 1).  
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Table 1.  Specification of turbines at Thanet Offshore Wind Farm. 


Parameter Value 


Capacity 3 MW 
Number of Blades 3 
Blade Width 3.5 m 
Rotor Diameter 90 m 
Rotor Speed 16.1 rpm 
Pitch 15˚ 
Hub Height 70 


 
Figure 1. Area covered by two cameras mounted on turbines within the Thanet Offshore Wind Farm 
(2.983 km2). Analyses were restricted to the area covered by these cameras, shown in green. 
Adapted from Figure 4.6 in Skov et al. (2018). 
 


 


2.2 Estimating flux rate 
 
The first step in a CRM is to estimate the flux rate, the total number of birds passing through 
the study area (figure 1) over the time period of interest. Post-construction density estimates 
were available only for the period from October – March (Royal Haskoning 2013), 
consequently, we restricted our analyses to data collected by the ORJIP BCA study in the 
October-March period. For the purposes of estimating flux, we used the mean of the values 
for the three post-construction years. The apparent increases in density recorded for lesser 
black-backed gull, great black-backed gull, black-legged kittiwake and northern gannet 
between the pre- and post-construction periods must be treated with caution. Pre-
construction density estimates are based on a single years’ worth of data. The post-
construction density data show that there may be substantial annual variation in the 
estimated density. Monthly surveys from a single year are insufficient to characterise the true 
usage of a site by the species concerned (Maclean et al. 2013) and a recent review has 
demonstrated that northern gannet in particular shows a strong displacement effect in 
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response to the presence of an offshore wind farm (Dierschke et al. 2016). Ideally, density 
data would have been collected concurrently in relation to the ORJIP BCA study. However, 
unfortunately this was not possible and the best available density data are those published in 
the post-construction monitoring report (Royal Haskoning 2013). 
 
Table 2.  Density estimates (birds km-2) from within Thanet Offshore Wind Farm (excluding buffer area) 
used to estimate flux rate for the collision risk model. Taken from table 6 in Royal Haskoning (2013). 


 Pre-
construction 
(2004-05) 


Post-
construction 
YR1 (2010-11) 


Post-
construction 
YR2 (2011-12) 


Post-
construction 
YR3 (2012-13) 


Post-
construction 
Mean 


Herring 
gull 


1.95 0.90 0.87 2.30 1.36 


Lesser 
black-


backed 
gull 


0.33 0.41 0.62 0.08 0.37 


Great 
black-


backed 
gull 


0.02 0.39 1.16 1.53 1.03 


Black-
legged 


kittiwake 
0.20 1.56 0.92 0.81 1.10 


Northern 
gannet 


0.05 0.05 0.17 0.96 0.39 


 
To estimate flux rate, we calculated the total number of birds that would pass through the 
study area outlined in figure 1 between October and March each year. This followed the 
methodology set out in Band (2012) combining estimates of bird density with estimates of 
flight speed, both from generic sources and those recorded as part of the ORJIP BCA and 
the total duration of the observation period. As only the data collected from the cameras 
during daylight hours were fully processed, we based our analysis on the number of birds 
expected to pass through during daylight. We estimated daylight hours between October and 
March using the suncalc function in the R library RAtmosphere (Gionata et al. 2015) to be 
1733.55 hours taking an average during the post-construction years (2010/11 to 2012/13 to 
avoid a leap year).  
 
Within the data collected using the laser rangefinders two possible distances were measured 
for each bird – a straight line between the first and last encounters and the true distance 
travelled between these two. The differences between the values of speed derived from 
these two measures have potential implications for the final collision rates given the 
differences in the numbers of birds that may pass through the areas if they take more 
meandering paths. Table 3 details these differences for each species.  
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Table 3. Average distances travelled (m) and speed (ms-1) of birds depending on distance measured 
as part of the ORJIP BCA study (Skov et al. 2018) and the generic speed estimate taken from 
Alerstam et al. (2007) and Pennycuick (1997). Note that the values presented here differ to those 
presented in table 5.13 of the ORJIP BCA final report as we restrict our analyses to the data collected 
between October and March.  


 Average 
distance (m) 
straight line 


Average 
distance (m) 
true length 


Average 
speed - 


straight line 
(ms-1) 


Average 
speed - true 
length (ms-1) 


Generic 
Speed 
(ms-1) 


Herring gull 869.23 1213.24 8.0 9.8 12.8 
Lesser black-
backed gull 


715.70 1012.22 8.4 10.4 13.1 


Great black-
backed gull 


760.85 1053.04 8.5 10.0 13.7 


Black-legged 
kittiwake 


614.32 923.60 6.7 8.6 13.1 


Northern gannet 1045.45 1251.85 11.7 13.1 14.9 


 
 


2.3 Probability of collision/collision integral 
 
To estimate the number of expected collisions, the flux of birds passing through the rotor 
swept area over a given period is multiplied by the probability of an individual bird passing 
through the rotor and colliding. The ‘probability of collision’ is based on the probability of the 
bird and the turbine being in the same place at the same time. For Option 1 of the Band 
CRM – the ‘basic’ model – this is estimated based on the size (Table 1) and speed of the 
turbine blades and the size (Table 4) and speed (Table 3) of the birds, assuming that the 
birds have a cruciform shape (Band 2012; Masden & Cook 2016). Option 3 of the Band 
CRM – the ‘extended’ model –, also considers the flight height distribution of the species 
concerned, accounting for the fact that birds are less likely to collide further away from the 
centre of the rotor swept area (Band 2012), in order to estimate the ‘collision integral’.  
 
 


2.4 Flight height models 
 
In order to determine the proportion of birds at collision risk height, species and site-specific 
flight height distributions were derived from the data collected using laser rangefinders. Data 
reflect a sample of the birds present in the study region. Consequently, in deriving 
distributions of seabird flight heights similar to those of Johnston et al. (2014), it was 
necessary to use a modelling approach that was sufficiently flexible that it could fit to a 
variety of forms, but not so flexible that it would over-fit to the data. We considered a number 
of different distributional forms for each species using the fitdistr function in MASS (Venables 
& Ripley 2002) and the normalmixEM function in Benaglia et al. (2009). For each species, 
we then consider which distribution best fitted the observed data.  
 
 


2.5 Collision models 
 
Using the information derived from the steps above, we are able to work through the Band 
CRM (Band 2012), introducing site-specific information at each step in order to understand 
how estimates of collision change as the parameters used by the model are refined. Initially, 
we replicate the collision risk model as it would be carried out ‘pre-construction’ as part of an 
Environmental Impact Assessment (EIA), using pre-construction density estimates, generic 
bird data and parameters based on the turbines installed (Tables 1-4), but, in contrast to the 
CRMs carried out as part of EIAs, we assume no avoidance behaviour.  
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We then refine the predictions by introducing: (i) post-construction density data, (ii) site-
specific information on flight speed and (iii), finally, site-specific information on avoidance 
behaviour (Figure 2). Following this approach, we have eight different pathways leading to 
estimated collision rates based on the assumptions and data used (Figure 2). As the study 
area was wholly within the area of the Thanet Offshore Wind Farm, we consider only meso- 
and micro-avoidance and not, macro-avoidance.  
 
Table 4.  Seabird morphometric data, taken from Robinson (2017), flight mode (flapping or gliding 
flight) and, avoidance rates taken from Skov et al. (2018). 


 Length Wingspan Flight 
mode 


Macro- 
avoidance 


Meso- 
avoidance 


Micro- 
avoidance 


Overall 
avoidance 


Herring 
gull 


0.61 1.44 flap 0.442 0.9614 0.9565 0.999 


Lesser 
Black-
backed 
Gull 


0.59 1.45 flap 0.639 0.8937 0.9565 0.998 


Great-
black-
backed 
Gull 


0.71 1.575 flap 0.469 0.8423 0.9565 0.996 


Black-
legged 
kittiwake 


0.39 1.075 flap 0.575 0.9160 0.9500 0.998 


Northern 
gannet 


0.935 1.725 glide 0.816 0.9205 0.9500 0.999 
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avoidance
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Option 3 – micro 
avoidance


Pre-construction Post-construction 


  


Figure 2. Schematic for producing estimates of collision at the eight turbines monitored during the ORJIP BCA project comparing the generic 
estimate that might be produced ‘pre-construction’ with more refined estimates produced using ‘post-construction‘ data. At each step, collision 
rates are refined by introducing more site-specific data. Different pathways reflect the different ways in which flight speed and flight height may 
be incorporated into the model.  


Genric bird data, 
pre-construction 
density 
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2.6 Recorded collisions 
 
Over the course of the ORJIP study, six birds were recorded colliding with turbines (Table 5). 
As density data were only available for the period October-March, the collision involving a 
large gull recorded on 21st August 2015 was not included in our analyses. As, with the 
exception of the black-legged kittiwake, birds involved in the collisions were not identified to 
species level, we group them as large gulls and, for the purposes of the analysis, compare 
these collision rates to the sum of those estimated for herring, lesser black-backed and great 
black-backed gulls.  
 
Table 5.  Birds recorded colliding with turbines during the ORJIP Bird Collision Avoidance Project 
(Skov et al. 2018). 


Species/Group Date 


Black-legged kittiwake 1st November 2014 
Lesser/Great Black-backed Gull 24th November 2014 


Unidentified gull 28th November 2014 
Large gull 21st August 2015 
Large gull 12th December 2015 


Unidentified gull 10th February 2016 


 
 


2.7 Comparison of avoidance rates derived from ORJIP BCA 
study with those estimated using traditional approach 


 
The above steps consider only birds within the wind farm and, therefore, do not account for 
macro-avoidance behaviour or, the avoidance rate as used in the Band CRM at present. The 
ORJIP BCA estimated an overall empirical avoidance rate, combining macro-, meso- and 
micro-avoidance. These values (Table 4) were well above those presently recommended 
(Cook et al. 2014). However, the values from the ORJIP BCA study and existing guidance 
may not be strictly comparable as they were derived in different ways. 
 
The avoidance rates recommended in existing guidance are derived by comparing observed 
and predicted collision rates (Cook et al. 2014). As the predicted collision rates are based on 
estimates from the Band model, they incorporate elements of model error arising as a result 
of the assumptions made (Band 2012). The empirical avoidance rates derived from the 
ORJIP BCA project do not incorporate this model error and, consequently, are likely to be 
higher than those used at present. Furthermore, macro-avoidance incorporates both barrier 
effects and displacement (Cook et al. 2014). The data collected by the ORJIP BCA project at 
the macro scale covers birds in flight approaching the operational wind farm but, is not able 
to compare pre- and post-construction bird densities within the wind farm. Consequently, the 
ORJIP BCA data only incorporates the barrier effects element of macro-avoidance and not 
the displacement element. How these elements interact is unclear, however, in the absence 
of such information, the macro-avoidance rates derived as part of the ORJIP BCA project 
are not consistent with the assumptions about avoidance behaviour made by the Band 
model. 
 
In order to facilitate a comparison between the existing guidance and the values obtained 
from the ORJIP BCA study, we recalculate avoidance rates by the ‘traditional’ approach of 
comparing the number of observed collisions to those predicted in the absence of avoidance 
behaviour (Eq. 1). We do this for each of the pathways set out in Figure 2. As avoidance 
rates will typically be applied in a pre-construction context, we also estimate a predicted 
collision rate based on the pre-construction estimates of bird density data and site-specific 
estimates of flight speed and height measured as part of the ORJIP BCA project. To 
investigate the impact of site-specific data in this calculation, we also estimate avoidance 
rates based on pre- and post-construction density data using generic bird data.  
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𝐴𝑣𝑜𝑖𝑑𝑎𝑛𝑐𝑒 𝑅𝑎𝑡𝑒 = 1 −  (
𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑐𝑜𝑙𝑙𝑖𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑒


𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑐𝑜𝑙𝑙𝑖𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑒
) Equation 1. 
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3 Results 
 


3.1 Flux calculations under two flight path measurements 
 
Following the protocol described above, pre- and post-construction flux values were 
calculated for each of the five species under investigation using generic, ‘straight line’ and 
‘true length’ estimates of speed (Table 6). The difference between the estimates of flux 
based on ‘straight line’ and ‘true length’ estimates of speed ranged from 203 great black-
backed gulls to 22,892 herring gulls based on pre-construction densities and from 3,781 
northern gannets to 15,926 herring gulls based on post-construction densities. Figure 3 
visually represents the differences between the measurements based on straight line’ and 
‘true length’ estimates of speed, those based on the latter resulting in increases in the 
numbers of bird likely to pass through the area surrounding the two turbines (Figure 1). 
Changes in the density of the species between the pre- and post-construction periods (Table 
2) also result in changes in estimated flux rates.  
 
Table 6.  Values of flux for five seabird species using generic and site-specific estimates of speed and 
pre- and post-construction density data. 


Species/Group 


Generic Flux Straight-line flux True length flux 
Pre-


construction 
Post-


construction 
Pre-


construction 
Post-


construction 
Pre-


construction 
Post-


construction 


Herring gull  171525 119334 107823 75015 130715 90942 
Lesser black-
backed Gull 


29707 33308 18954 21251 23682 26553 


Great black-
backed Gull 


1882 96656 1172 60175 1374 70577 


Black-legged 
kittiwake 


18004 98725 9184 50363 11779 64592 


Northern 
gannet 


5119 40274 4020 31628 4501 35409 


 
 


  
 
Figure 3.  Pre- and post-construction flux values for five species using ‘straight line’ or ‘true length’ 
estimates of speed. 
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3.2 Probability of collision/collision integral 
 
By refining the data used for the Band CRM, for each species, we obtained three estimates 
(based on generic, ‘straight line’ or ‘true length’ estimates of speed) for the probability of 
collision and two estimates (based on ‘straight line’ or ‘true length’ estimates of speed) for 
the collision integral (Table 7).  
 
The probability of a bird colliding with a turbine is based on the length of time it takes for the 
bird to cross the rotor-swept area (Band 2012). Consequently, utilising the slower site-
specific flight speeds obtained using the laser rangefinders results in an increased 
probability of collision. These differences are most noticeable for species such as black-
legged kittiwake and herring gull, for which there is the greatest difference between the 
generic and straight line or true speeds. Similarly, as the straight-line speeds are slower than 
the true speeds, both the probability of collision and collision integral are higher when 
estimated using the straight-line speed.  
 
Table 7.  Estimates of probability of collision and collision integral obtained using generic and site-
specific estimates of speed. 


 Probability of Collision Collision Integral 


Generic 
Speed 


Straight line 
Speed 


True Speed 
Straight line 


Speed 
True Speed 


Herring gull  0.092286 0.123504 0.107849 0.080257 0.069501 
Lesser black-
backed gull 


0.090344 0.118373 0.101968 0.065471 0.056400 


Great black-
backed gull 


0.095414 0.127808 0.114204 0.092973 0.080208 


Black-legged 
kittiwake 


0.077145 0.116359 0.096935 0.045394 0.038025 


Northern 
gannet 


0.103378 0.118540 0.110711 0.021401 0.017663 


 
 


3.3 Flight heights 
 
For lesser black-backed gull, great black-backed gull and herring gull, flight height data most 
closely fitted a gamma distribution (Figure 4). For black-legged kittiwake, flight height data 
most closely matched a normal distribution while flight height data for northern gannet most 
closely matched a normal-mixture distribution. It should be noted that these data indicated a 
higher proportion of birds at collision risk height than was observed in the generic flight 
height distributions (Johnston et al. 2014). There are several potential explanations for 
differences between the observed flight height distributions and the generic data: 
 


1. The laser rangefinder data may be biased against birds flying closer to the sea 
surface. Birds close to the sea surface may be harder for observers to detect if flying 
between the troughs of waves and/or less conspicuous against the background. A 
previous study using laser rangefinders (Borkenhagen et al. 2018) suggested that 
birds at lower altitudes may be under-represented in estimates of flight height. 
 


2. There is also the possibility that the generic data may be biased as a result of birds 
being attracted to survey vessels or due to observers detecting birds as they were 
flushed from the sea surface by the survey vessels (Johnston et al. 2014; 
Camphuysen et al. 2004). 
 


3. The flight heights of birds differed inside and outside the wind farm. There is some 
evidence that gulls may fly higher inside a wind farm than outside from both the 
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ORJIP BCA study and previous studies (Cook et al. 2014; Thaxter et al. 2017; Skov 
et al. 2012), although this difference may potentially reflect the locations of wind farm 
sites relative to the coast (see below). The data underpinning the generic 
distributions in Johnston et al. (2014) were all derived from pre-construction 
estimates of seabird flight height. 
 


4. There are site-specific differences in seabird flight heights. Previous studies have 
shown that seabird flight heights may vary on a site-specific basis (Johnston & Cook 
2016; Ross-Smith et al. 2016). Such differences may relate to behavioural 
characteristics such as whether birds are using an area for foraging or commuting 
flights. In contrast, data from Johnston et al. (2014) averaged flight heights across a 
broad range of habitats. 
 


5. Wind speed and direction are likely to influence seabird flight altitudes. The laser 
rangefinder data available to the ORJIP BCA study analyses were constrained by the 
limited range of weather conditions during which observers were able to safely 
access turbines to collect these data, i.e. during relatively calm weather conditions. 
Consequently, the laser rangefinder data may be biased towards behavioural flight 
height responses to calm weather.  


 
With the data available, it is not possible to determine which, if any, of these explanations is 
the key reason for the differences between the distributions reported here and those 
reported by Johnston et al. (2014). In practice, all five are likely to have had some impact. 
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Figure 4. Comparison of flight height distributions derived from laser rangefinder data (green) 
collected as part of the ORJIP BCA project and generic flight height distributions (purple) derived from 
data collected as part of boat surveys and presented in Johnston et al. (2014). Red lines indicate the 
upper and lower limits of the turbine rotor swept areas of turbines installed at Thanet.  


 
Table 8. Proportion of birds at collision risk height in relation to turbines installed at Thanet (25-115m) 
recorded using laser rangefinders as part of the ORJIP BCA project and predicted from generic data 
(Johnston et al. 2014).  


 ORJIP BCA (Johnston et al. 2014) 


Herring gull  0.768 0.239 
Lesser black-backed Gull 0.725 0.205 
Great black-backed Gull 0.826 0.245 
Black-legged Kittiwake 0.744 0.090 
Northern gannet 0.285 0.075 


 
 


3.4 Collision models 
 
We combine the revised estimates of flux, the probability of collision and flight heights 
presented above in order to investigate how estimated collision risk varies in relation to the 
assumptions made during the modelling process and the incorporation of site-specific data. 
For each species, we are able to estimate a collision rate at each point along the eight 
pathways identified in Figure 2. Full details of the calculations underpinning the following 
table are available in Appendix 1.  
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Table 9.  Change in predicted collision rates for the non-breeding season from Option 1 and Option 3 of the Band CRM (Band 2012) as density data are 
changed from pre-construction (pre) to post-construction (post) estimates, generic bird data (gen) are replaced with site-specific bird data (SSp), flux rates 
and probability of collision are calculated using either straight line (SL) or true (TD) speed and meso- (Me) and micro- (Mi) avoidance are introduced. 


Density Estimate Pre Post 


Flight height Gen Gen SSp SSp SSp SSp SSp SSp SSp 


Flight speed Gen Gen Gen SSp SSp SSp SSp SSp SSp 


Distance measure Gen Gen Gen SL TD SL TD SL TD SL TD SL TD SL TD 


Pcoll/CollInt Gen Gen Gen SL TD TD SL SL TD TD SL SL TD TD SL 


Avoidance No No No No No Me Me Me/Mi Me/Mi 


Band 
CRM 


Option 


1 Herring 
gull 


618.94 430.61 1381.01 1161.79 1229.92 1014.53 1408.45 44.85 47.47 39.16 54.37 1.95 2.07 1.70 2.36 


3 408.74 284.37 284.37 983.54 1032.55 851.73 1192.36 37.96 39.86 32.88 46.03 1.65 1.73 1.43 2.00 


1 Lesser 
black-


backed 
gull 


89.86 100.75 356.41 297.95 320.69 256.66 372.28 31.67 34.09 27.28 39.57 1.38 1.48 1.19 1.72 


3 56.01 62.80 62.80 227.30 244.66 195.81 284.01 24.16 26.01 20.81 30.19 1.05 1.13 0.91 1.31 


1 Great 
black-


backed 
gull 


7.19 368.95 1244.60 1037.92 1087.75 927.44 1217.33 163.68 171.54 146.26 191.97 7.12 7.46 6.36 8.35 


3 5.06 259.95 259.95 913.98 924.79 788.49 1071.97 144.14 145.84 124.35 169.05 6.27 6.34 5.41 7.35 


1 
Kittiwake 


21.07 115.52 926.04 712.54 761.30 593.60 913.85 59.85 63.95 49.86 76.76 2.99 3.20 2.49 3.84 


3 9.17 50.28 50.28 373.49 401.25 312.86 479.00 31.37 33.70 26.28 40.24 1.57 1.69 1.31 2.01 


1 Northern 
gannet 


6.46 50.84 193.52 174.27 182.21 162.76 195.10 13.85 14.49 12.94 15.51 0.69 0.72 0.65 0.78 


3 3.26 25.65 25.65 110.58 102.17 91.26 123.80 8.79 8.12 7.26 9.84 0.44 0.41 0.36 0.49 
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3.4.1 Herring gull 
 
Based on the pre-construction density data and generic bird data, 618 herring gulls were 
predicted to collide during daylight hours between October and March each year (Figure 5). 
Following construction of the wind farm, the density of birds, and therefore number of 
expected collisions, decreased. However, site-specific flight height data suggests a far 
higher proportion of birds at risk height than is assumed by the generic data, reflected in an 
increase in the predicted collision rate at the third step of the analysis. Introducing site-
specific flight speed information results in further changes to the predicted collision rates, 
although the extent of changes is dependent on whether these estimates are based on 
straight line or true speed. Incorporating different measures of speed affects both the 
estimated flux rate and estimations of the probability of birds colliding. However, in relation to 
the predicted collision rate, the selection of the appropriate measure of speed appears to be 
most important when calculating the probability of collision (Table 9). As may be expected, 
the selection of Option 1 or Option 3 of the Band CRM (Band 2012) also results in a 
significant change in the predicted collision rate. However, as avoidance behaviour is 
incorporated, predicted collision rates begin to coalesce. When only meso-avoidance is 
incorporated, differences are still evident and, the lowest collision rates are observed when 
flux rate is estimated using straight line speed and the probability of collision is estimated 
using true speed. When micro-avoidance is incorporated, collision estimates following each 
of the eight pathways all fall to around 1-2 birds per winter. The most noticeable changes in 
the number of predicted collisions occur in relation to the introduction of site-specific flight 
height data and the introduction of micro-avoidance behaviour.  
 







Bird Collision Avoidance: Empirical evidence and impact assessments 


17 


 
Figure 5.  Change in predicted collision rate for herring gull as model assumptions and parameters 
are refined. 
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3.4.2 Lesser black-backed gull 
 
The density of lesser black-backed gulls in the study area over winter was much lower than 
for herring gulls. In contrast to herring gull, there was a slight increase in the density of 
lesser black-backed gulls recorded during the post-construction monitoring. Aside from this 
difference, the changes in the predicted collision rates of lesser black-backed gulls as model 
assumptions and parameters were refined were broadly similar to those recorded for herring 
gulls (Figure 6).  


 
Figure 6.  Change in predicted collision rate for lesser black-backed Gull as model assumptions and 
parameters are refined. 
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3.4.3 Great black-backed Gull 
 
Great black-backed gulls were the most numerous species recorded in the study area. As 
with lesser black-backed gull, they increased in density during the post-construction period. 
Other changes in the predicted collision rates of great black-backed gulls as model 
assumptions and parameters were refined were broadly similar to those recorded for the 
other study species.  


 
Figure 7.  Change in predicted collision rate for great black-backed Gull as model assumptions and 
parameters are refined. 
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3.4.4 Black-legged kittiwake 
 
As with the black-backed gull species, black-legged kittiwake increased in density during the 
post-construction period. Other changes in predicted collision rates as model assumptions 
and parameters were refined were broadly similar to those recorded for the other study 
species.  


 
Figure 8.  Change in predicted collision rate for Black-legged kittiwake as model assumptions and 
parameters are refined. 
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3.4.5 Northern gannet 
 
Northern gannets were the least abundant of the study species in the study area. Densities 
increased between the pre- and post-construction periods. Other changes in predicted 
collision rates as model assumptions and parameters were refined were broadly similar to 
those recorded for the other study species.  


 
Figure 9.  Change in predicted collision rate for northern gannet as model assumptions and 
parameters are refined. 


 
 


3.5 Predicted vs. observed collision rates 
 
The final predicted collision rates broadly follow the pattern of species abundance within the 
study area. Great black-backed gull, the most abundant species, is predicted to have the 
greatest number of collision while northern gannet, the least abundant species, is predicted 
to have the fewest (Figure 10a). However, the use of generic or site-specific data and the 
assumptions made about the data in the Band CRM also have an impact on the final 
conclusions that are reached (Figure 10b). The relative importance of the use of generic or 
site-specific data and these assumptions appears to vary by species. For example, the 
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relative change in predicted collision rate according the assumptions made was greatest for 
black-legged kittiwake (figure 10b). For black-legged kittiwake, collision estimate 5 was 60% 
greater than the mean collision rate across all eight of the pathways highlighted in figure 2. 
In contrast, for great black-backed gull, this figure was only 22% (figure 10b).  
 
Having accounted for avoidance behaviour, predicted collision rates were still higher than 
observed collision rates (Figure 10). For Black-legged kittiwake a single collision was 
recorded in November 2014, compared to predictions of between 1 and 4 collisions per 
winter, depending on the data and assumptions used in the model. It was not possible to 
identify the large gulls that were recorded colliding to species level. Consequently, we 
compare the observed collision rate for large gulls to the combined predicted collision rate 
for herring, lesser black-backed and great black-backed gull. Two large gulls were recorded 
colliding in winter 2014/15 and winter 2015/16. This compares to predicted collision rates of 
7-13 birds per year.  


 
Figure 10. (a) Comparison between predicted and observed collision rates in relation to the data and 
assumptions incorporated into the Band collision risk model (Band 2012) and whether Option 1 or 
Option 3 of the Band CRM is used. For actual recorded collisions, it was not possible to distinguish 
between the large gull species; consequently, the final column includes the total number of predicted 
collisions for herring, lesser black-backed and great black-backed gulls. (b) Relative change in 
predicted collision rates in relation to the data and assumptions incorporated into the Band collision 
risk model (Band 2012) and whether Option 1 or Option 3 of the Band CRM is used. 


 
 


3.6 Comparison of avoidance rates derived from ORJIP BCA 
study and those estimated using traditional approach 


 
Avoidance rates estimated using the traditional approach for the Option 3 of the Band CRM 
were lower than for Option 1 of the Band CRM (Table 10). The reason for this is that 
avoidance rates estimated in this way incorporate elements of model error. By accounting for 
the uneven vertical distribution of birds, Option 3 of the Band CRM accounts for some (but 
not all) of this model error, reducing the predicted collision rate and, following equation 1, the 
estimated avoidance rate.  
 
For large gulls and black-legged kittiwake it was possible to estimate avoidance rates for the 
pre- and post-construction periods using generic data. Higher avoidance rates estimated for 
the post-construction period reflect changes in the density estimates. However, for the 
reasons explained above (section 2.2), such changes may not reflect macro-responses to 
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the wind farm. Density estimates, and consequently, predicted collision rates for the post-
construction period were higher than for the pre-construction period. These differences are 
most notable for the black-legged kittiwake (Table 10). Avoidance rates estimated in this way 
based on the post-construction density estimates may be thought of as equivalent to the 
within-wind farm avoidance rates presented in Cook et al. (2014).  
 
Table 10. Avoidance rates calculated from pre- and post-construction density estimates using generic 
estimates of flight height and flight speed. Avoidance rates based on pre-construction data reflect total 
avoidance whilst those based on post-construction data reflect within wind farm avoidance only. 


 Pre-construction Post-construction 


Option 1 Option 3 Option 1 Option 3 


Black-legged 
Kittiwake 


0.952 0.891 0.991 0.980 


Large gulls (HG, 
LB, GB) 


0.994 0.991 0.995 0.993 


 
The avoidance rates estimated in this way can be further refined by incorporating site-
specific data into the calculations of predicted collision rates (Table 11). Incorporating this 
site-specific information resulted in higher estimated avoidance rates. Again, we see that the 
change in avoidance rates estimated using pre- and post-construction data was greater for 
black-legged kittiwakes than it was for large gulls. However, a key reason for the differences 
in the avoidance rates relates to the substantial differences between the generic and site-
specific flight height distributions (Figure 4). The site-specific data includes a far greater 
proportion of birds at collision risk height. Consequently, following equation 1, this results in 
a greater predicted collision rate which, when compared to the observed collision rate, 
results in a higher avoidance rate as the model predicts that a greater number of birds must 
have taken action to avoid a collision.  
 
Table 11. Avoidance rates calculated from a comparison of predicted and observed collision rates 
based on pre- and post-construction density estimates and post-construction site-specific estimates 
of flight speed and flight height following the collision estimate pathways shown in Figure 2. 
Avoidance rates based on pre-construction data reflect total avoidance whilst those based on post-
construction data reflect within wind farm avoidance only. Clear cells indicate rates calculated based 
on Option 1 of the Band model, grey cells indicate rates calculated based on Option 3 of the Band 
model.  


 Collision 
Estimate 
1 


Collision 
Estimate 
2 


Collision 
Estimate 
3  


Collision 
Estimate 
4 


Collision 
Estimate 
5 


Collision 
Estimate 
6 


Collision 
Estimate 
7 


Collision 
Estimate 
8 


ORJIP 
BCA 


Black-
legged 


kittiwake 


0.992 / 
0.998 


0.985 / 
0.997 


0.990 / 
0.998 


0.982 / 
0.996 


0.993 / 
0.999 


0.988 / 
0.998 


0.992 / 
0.999 


0.986 / 
0.998 


0.998 


Large 
gulls 
(HG, 


LG, GB) 


0.998 / 
0.999 


0.997 / 
0.999 


0.997 / 
0.999 


0.997 / 
0.999 


0.998 / 
0.999 


0.998 / 
0.999 


0.998 / 
0.999 


0.997 / 
0.999 


0.998 
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4 Discussion 
 


4.1 Importance of site-specific data 
 
Much of the focus of uncertainty in relation to collision risk models has focussed on 
avoidance rates (Chamberlain et al. 2006). However, recent analysis suggests that this 
focus may partly reflect a misunderstanding of how the avoidance rate is used by collision 
risk models and, that other factors including flight heights and speeds may be similarly 
important (Masden 2015). The analysis presented above demonstrates the substantial 
impact that the use of site-specific data can have on estimated collision rates (Figures 5-10). 
However, it should be emphasised that the estimates of parameters such as flight speed and 
height presented in Skov et al. (2018) come from a single site during the non-breeding 
season. Given the influence of site-specific data on the estimated collision rates, such data 
may not be directly transferable to other sites or, to the breeding season.  
 
The estimate of the proportion of birds at collision risk height has a substantial effect on the 
predicted collision rates (Figures 5-9). This is the case for both the basic and extended 
models. There are substantial differences between the flight height distribution estimated 
using laser range finders as part of this study and the generic distributions presented in 
Johnston et al. (2014). Such differences must be treated with caution as it is unclear the 
extent to which they reflect genuine differences between the two approaches and the extent 
to which they reflect bias in the data collection methodologies. However, the results do 
highlight the importance of using a robust and, ideally site-specific, flight height estimate in 
predicting collision risk.  
 
The Band CRM makes use of bird speed twice: firstly, in order to estimate the flux rate of 
birds through the wind farm and; secondly, to estimate the probability of a bird colliding with 
a turbine rotor. Furthermore, flight speed may be estimated at different resolutions, with 
implications for the model outputs. For the purposes of our analyses, we used two different 
estimates of flight speeds. The first of these was simply the straight-line distance between 
the first and last laser range finder points and the time taken to travel between them 
(referred to above as straight-line speed). However, the birds may not have been travelling 
in straight lines (as assumed in the calculations of flux rate). Consequently, we estimated a 
second speed based on the point estimate of speed as measured using the laser range 
finders (referred to above as True Speed). It is important to note that both of these speeds 
were markedly lower than the generic speeds typically recommended in guidance (Alerstam 
et al. 2007). Consequently, the flux rates estimated from these data were lower than those 
estimated using the generic data and the probabilities of collision estimated were greater 
than those estimated using generic data. There are four possible combinations for how these 
flight speeds could be incorporated into the collision risk model with respect to their use in 
estimating the flux rate and probability of collision (straight line-straight line, straight line-true 
speed, true speed-true speed, true speed-straight line). Which of these combinations is 
selected has implications for the final estimated collision rate (Figures 5-9). In agreement 
with Skov et al. (2018), we feel that the combination which is most consistent with how the 
Band CRM is implemented is likely to be the use of the straight line speed estimate of the 
flux rate and the true speed estimate of the probability of collision. This is because the 
straight-line speed will reflect the average rate at which birds move through the wind farm 
while the true speed will be a point estimate of the speed of the bird as it passes the turbine 
blades.  
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4.2 Macro-avoidance 
 
Macro-avoidance relates to the change in bird numbers within a wind farm site arising as a 
result of processes including, but not limited to, displacement, attraction and barrier effects 
(Cook et al. 2014). These responses may reflect either a functional change in habitat use 
(i.e. displacement or attraction) or anticipatory evasion of the wind farm due to perceived 
collision risk (i.e. barrier effects) (May 2015). The analyses described above concerned birds 
already present within the wind farm and, consequently, did not consider macro-avoidance.  
 
The ORJIP BCA study estimated macro-avoidance by comparing the density of bird tracks 
within the wind farm to the density of bird tracks in a 3 km buffer around the wind farm (Skov 
et al. 2018). In common with previous findings (Cook et al. 2014), Skov et al. (2018) 
suggested significant inter-specific variation in the estimated macro-avoidance rates ranging 
from 0.797 (SD 0.026) for northern gannet to 0.566 (SD 0.058) for black- legged kittiwake 
and 0.481 (SD 0.038) for large gulls.  
 
The macro-avoidance rates reported for gulls are much higher than those reported 
elsewhere (Cook et al. 2014; Vanermen et al. 2015; Krijgsveld et al. 2011). This is likely to 
be because the ORJIP BCA study focuses on the movements of birds in and around the 
wind farms and does not account for any displacement or attraction effects. Analysis of post-
construction data collected from operational wind farms suggests that large gulls may be 
attracted to the wind farm and that black-legged kittiwakes may show little or no difference in 
area usage (Dierschke et al. 2016; Vanermen et al. 2015). The apparent high rate of macro-
avoidance evident in gulls as part of this study may relate to the presence of fishing vessels 
on the edge of the wind farm. Fishing vessels cannot operate within the wind farm and, a 
previous study (Krijgsveld et al. 2011) noted gulls being attracted to fishing vessels on the 
edge of a wind farm. Seabird observers noted a similar effect as part of the ORJIP BCA 
study. In such circumstances, birds will be responding to the fishing vessels rather than the 
turbines. This may result in the number of birds outside the wind farm being inflated and the 
number within the wind farm being artificially reduced. This effect may hold for black-legged 
kittiwakes and large gulls. Consequently, the macro-avoidance rates estimated for large 
gulls and black-legged kittiwake as part of the ORJIP BCA study should be used with caution 
in relation to collision risk modelling based on pre-construction bird density estimates. 
 
The results for northern gannet are consistent with previous studies, which suggested high 
macro-avoidance rates for this species, ranging from 0.64 (Krijgsveld et al. 2011) to 0.85 
(Vanermen et al. 2015) and possibly as high as 0.92 (Welcker & Nehls 2016), although it 
should be noted the latter study was based on a limited sample size. It should also be noted 
that the rate estimated as part of the ORJIP BCA project may be an underestimate for two 
reasons. Firstly, without comparison to pre-construction estimates of bird density, these data 
do not capture any impact of displacement on the number of birds recorded. Secondly, 
collecting data on the movements of birds outside the wind farm using radar requires a 
trade-off between the distance over which a radar system can operate and resolution at 
which data can be collected. For the systems used in this study, the optimum distance over 
which to collect data was judged to be 3 km. However, past studies have noted that northern 
gannets may take action to avoid entering a wind farm at distances far greater than 3 km 
(Petersen et al. 2006). However, like gulls, northern gannets are known to be attracted to 
fishing vessels (Votier et al. 2010). The extent to which displacement from the wind farm, 
attraction to fishing vessels and the presence of the wind farm as a barrier to flying birds 
may interact with one another is unclear. Consequently, it is difficult to assess the extent to 
which the estimate of 0.79 may be precautionary.  
 
It should be noted that comparison of pre- and post-construction density estimates 
suggested an increase in density post-construction for four of the five species (Table 2). 
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However, the pre-construction density estimates were based on survey effort from a single 
year, it is questionable this effort is sufficient to characterise the baseline conditions of the 
wind farm site (Maclean et al. 2013). Consequently, it is difficult to assess the extent to 
which the reported changes were “genuine”, particularly in the case of northern gannet, a 
species for which a strong displacement effect has previously been reported (Dierschke et 
al. 2016).   
 
 


4.3 Meso-avoidance 
 
To our knowledge, the ORJIP BCA study is the first that systematically set out to measure 
the meso-avoidance rates of seabirds within an operational wind farm. Data presented in a 
previous review (Cook et al. 2014) suggested that meso-avoidance rates were likely to be 
high, with few birds passing in close proximity to turbines.  
 
In the ORJIP BCA study,  meso-avoidance rates appear to be calculated in a logical way, 
comparing the track length per unit area within the rotor-swept zone and a 10 m buffer (as 
defined in Cook et al. (2014) to a theoretical density assuming birds were spread evenly 
throughout the wind farm. The resulting rates support previous hypotheses that meso-
avoidance rates are likely to be very high and that birds within wind farms show strong 
avoidance of turbines.  
 
 


4.4 Micro-avoidance 
 
Micro-avoidance rates collected as part of the ORJIP BCA study were based on extremely 
limited sample sizes. It is important to highlight that this is likely to reflect the fact that most 
birds take action to avoid collisions at distances that do not necessitate the “last-second” 
avoidance behaviour reflected by micro-avoidance, rather than a short-coming in the study 
design. In total, only 299 birds were recorded approaching turbines closely enough to 
necessitate “last-second” collision avoidance behaviour. Consequently, it was not possible to 
consider species-specific micro-avoidance behaviour.  
 
The results from the ORJIP BCA study are consistent with those from past studies that have 
shown that very few birds approach turbines closely enough to necessitate micro-avoidance 
behaviour (Krijgsveld et al. 2011; Thaxter et al. 2017; Mendel et al. 2014; Desholm et al. 
2006). Data from across these studies suggested that micro-avoidance rates were likely to 
be >0.93, although, it should be noted that there were significant limitations in the derivation 
of this rate (Cook et al. 2014). However, the estimate from the ORJIP BCA study of 0.9500 
(SD 0.0128) for all seabirds was consistent with this previous estimate. In terms of the 
number of records of birds interacting with turbines, the sample size from the ORJIP BCA 
study is substantially higher than any previous attempt. Consequently, whilst there is clearly 
a need for additional data collection to support this, the estimate of 0.9500 (SD 0.0128) for 
micro-avoidance from the ORJIP BCA study is, at this time, the best available data with 
which to quantify micro-avoidance behaviour in seabirds.  
 
 


4.5 Use of avoidance rates from ORJIP BCA study 
 
It is important to note that there is a difference between the empirical avoidance rate derived 
in the ORJIP BCA study and the avoidance rate as used by the Band CRM. The empirical 
avoidance rate, as derived by the ORJIP BCA study, incorporates detailed information about 
the distribution and movements of birds within a wind farm and their interactions with 
turbines. The avoidance rate as used by the Band CRM is based on a comparison of 
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predicted and observed collision rates. The predicted collision rates will incorporate 
elements of error in relation to both the data used and the model itself (Band 2012). The 
incorporation of this error is likely to mean that the avoidance rates used by the Band CRM 
are likely to be lower than those measured empirically.  
 
The total empirical avoidance rates estimated as part of the ORJIP BCA study include 
avoidance behaviour at the macro-, meso- and micro-scales. However, for the reasons set 
out above (section 4.2), we feel that the estimates of macro-avoidance from this study are 
not applicable in the context of how the Band CRM is used in the pre-construction 
assessment of collision risk. Empirical avoidance rates combining the remaining meso- and 
micro-avoidance correspond to the within-wind farm avoidance rates presented in Cook et 
al. (2014). The resulting empirical within-wind farm avoidance rates are 0.9956 for large 
gulls, 0.9958 for black-legged kittiwake and 0.9960 for northern gannet. However, as these 
rates do not incorporate model error in the same way that those recommended by existing 
guidance do (Cook et al. 2014), they are not directly applicable to the Band collision risk 
model.  
 
Based on the data collected as part of the ORJIP BCA study and analysed above (section 
3.6), we suggest that a total avoidance rate of 0.995 is suitable for use in the basic Band 
CRM for large gulls (Table 12). Given previous evidence of strong macro-avoidance in the 
northern gannet (Dierschke et al. 2016), we suggest that 0.995 is also a suitable minimum 
value to use for this species in relation to the basic Band CRM (table 12). Analyses of 
collision rates presented above (Tables 10 & 11) suggest that black-legged kittiwake may be 
more prone to collisions than large gulls. Consequently, we suggest that an avoidance rate 
of 0.990 is suitable for this species (Table 12). It is acknowledged that this is lower than in 
previous guidance (Cook et al. 2014). However, we feel this is justified as, in the previous 
guidance black-legged kittiwake was grouped with other small gull species (Cook et al. 
2014). In the density data used in the above analysis (Royal Haskoning 2013) to estimate 
the predicted collision rate, the number of black-legged kittiwakes not identified to species 
level is likely to be negligible. As no other small gulls, whether identified to species level or 
not, were recorded colliding, we feel the estimate of 0.990 for black-legged kittiwake is 
robust. These avoidance rates are considered to include macro-avoidance (Table 12).  
 
We were able to undertake further analyses (described in Appendix 1) in order to derive 
avoidance rates suitable for use in the stochastic collision risk model for black-legged 
kittiwake of 0.994 (95% CIs 0.976 - 0.998) for option 1 and 0.970 (95% CIs 0.871-0.989) for 
option 3 and, for large gulls 0.997 (95% CIs 0.992 - 0.999) for option 1 and 0.990 (95% CIs 
0.974 - 0.995) for option 3. Note that the median values recommended for use in the 
stochastic collision risk models differ from the values recommended for use in the 
deterministic model, this relates to differences in the way in which flight height distributions 
are incorporated into the models. However, it should also be noted that the values 
recommended for use in the deterministic model are within the 95% confidence intervals of 
those recommended for use in the stochastic model.  
 
In relation to the extended Band CRM, we note the sizeable difference between the 
observed and recorded flight height distributions, and the potential for bias associated with 
the collection of flight height data using laser range finders (Borkenhagen et al. 2018) to 
contribute to this difference. This difference has a noticeable effect on the avoidance rates 
estimated using generic and site-specific data. Given the precautionary principle in 
assessing collision risk, we suggest that the estimates of avoidance rate made using generic 
flight height data (Table 10) should be used for the extended Band CRM. Ideally site-specific 
estimates of flight height would be used to estimate avoidance rates. However, given 
uncertainty in the flight height data recorded as part of the ORJIP BCA project and, the 
discrepancy with previous estimates of seabird flight height (figure 4), we believe this reflects 
a realistic, precautionary approach. If the number of birds at risk of collision is over-
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estimated, then, following equation 1, the overall avoidance rate is also likely to be 
overestimated. Consequently, for the extended Band CRM, we recommend using avoidance 
rates of 0.993 for large gulls and 0.980 for black-legged kittiwake (Table 12). It should be 
noted that this reflects an increase in the rate recommend for large gulls in previous 
guidance (Cook et al. 2014) and is the first time it has been possible to calculate a total 
avoidance rate for black-legged kittiwake for Option 3 of the Band CRM based on empirical 
data. However, based on the data collected as part of the ORJIP BCA project, it has not 
been possible to calculate an avoidance rate suitable for use in Option 3 of the Band CRM 
for northern gannet as no collisions were recorded (Table 12).  
 
It is important to highlight some key limitations in how the avoidance rates presented in table 
12 were derived. Data were collected from a single site, during the non-breeding season in 
daylight hours. As the avoidance rates derived from these data are higher than those 
presented elsewhere (Cook et al. 2014), care must be taken before applying them to other 
sites and to breeding season estimates of collision rates. Consequently, with the exception 
of black-legged kittiwake, the avoidance rates we recommend are based on generic flight 
speed and height data as we feel these retain a sufficient level of precaution whilst also 
being applicable to a broader range of sites and, to the breeding season. In relation to black-
legged kittiwake, the recommended rate of 0.990 is derived using site-specific flight height 
and speed data as this was lower than the rate derived using generic data (tables 10,11 and 
12).   
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Table 12. Recommended avoidance rates for use in the deterministic Band Collision Risk Model, derivation of these avoidance rates and rationale for 
recommendations. 


 Band 
Model 
Option 


Recommended 
Avoidance 
Rate 


Derivation of Avoidance Rate Rationale 


Northern gannet 1 0.995 It was not possible to estimate an avoidance 
rate by comparing predicted and observed 
collision rates. However, given clear evidence 
of strong macro-avoidance at Thanet from 
Skov et al. (2018), and at other sites 
(Dierschke et al. 2016), it was felt appropriate 
to use the same value as recommended for 
large gulls.  


Following the logic of Cook et al. (2014), 
given strong evidence of high macro-
avoidance in northern gannets from a variety 
of sites (Dierschke et al. 2016), we feel that it 
is unlikely that the total avoidance rate for 
northern gannet would be less than that for 
large gulls.  


3 NA  As no collisions involving northern gannets 
were recorded as part of the ORJIP BCA 
study, it was not possible to compare 
predicted and expected collision rates. 
Furthermore, given clear differences in the 
flight height distributions of northern gannet 
and large gulls (Johnston et al. 2014) it is 
unlikely to be appropriate to base any value 
on that for large gulls, as we have done for 
Option 1 of the Band model. Consequently, in 
the absence of other data, it is still not 
possible to recommend a suitable avoidance 
rate for Option 3 of the Band CRM for 
northern gannet.  


Black-legged 
kittiwake 


1 0.990 Calculated using equation 1 by comparing the 
observed collision rate to predicted collision 
estimate 3 (figure 2).  
 
The predicted collision rate in the absence of 
avoidance behaviour was estimated using 
site-specific estimates of flight height and 
speed and pre-construction density 


Avoidance rates for black-legged kittiwake 
which were suitable for use with Option 1 of 
the Band model ranged from 0.952 – 0.998 
(tables 10 & 11). Based on the observed 
collision rate, a rate of 0.952, derived using 
generic bird flight data and pre-construction 
density estimates was felt to be overly-
precautionary.  
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estimates. The flux rate was estimated using 
straight line speed and the probability of a 
bird colliding was estimated using the true 
speed.  


The most appropriate approach for deriving 
avoidance rates using the data collected by 
the ORJIP BCA project was felt to be the use 
of straight line speed to estimate flux rate and 
true speed to estimate the probability of 
collision. This resulted in estimated 
avoidance rates of 0.990 based on the pre-
construction density estimates and 0.998 
based on the post-construction density 
estimates (table 11). This compared to a rate 
of 0.991 derived using post-construction 
density estimates and generic bird data (table 
10). Consequently, 0.990 was selected as the 
most precautionary of the realistic estimated 
values. Furthermore, as black-legged 
kittiwake are believed to show little change in 
numbers in response to the presence of a 
wind farm (Dierschke et al. 2016), this was 
considered a realistic value for total 
avoidance.  


3 0.980 Calculated using equation 1 to compare the 
observed collision rate to the collision rate 
estimated using generic bird flight data and 
post-construction density estimates.  


Avoidance rates for black-legged kittiwake 
which were suitable for use with Option 3 of 
the Band model ranged from 0.891 – 0.998 
(tables 10 & 11). Based on the observed 
collision rate, a rate of 0.891, derived using 
generic bird flight data and pre-construction 
density estimates was felt to be overly-
precautionary.  
 
The most appropriate approach for deriving 
avoidance rates using the data collected by 
the ORJIP BCA project was felt to be the use 
of straight line speed to estimate flux rate and 
true speed to estimate the probability of 
collision. This resulted in estimated 
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avoidance rates of 0.982 based on the pre-
construction density estimates and 0.996 
based on the post-construction density 
estimates (table 11). This compared to a rate 
of 0.980 derived using post-construction 
density estimates and generic bird data (table 
10). As a consequence of the notable 
differences between the observed and 
generic flight height distributions, the rate of 
0.980 was felt to be the most precautionary of 
the realistic values. Whilst this is based on 
post-construction density estimates, as black-
legged kittiwakes do not appear to show a 
noticeable change in density in response to 
the presence of an offshore wind farm 
(Dierschke et al. 2016), this is felt to be a 
realistic value for total avoidance.  


Lesser black-
backed gull 


1 0.995 The large gulls recorded colliding with 
turbines during the ORJIP BCA project could 
not be identified to species level. 
Consequently, a large gull avoidance rates 
was estimated by comparing the observed 
large gull collision rate to the sum of the 
lesser black-backed, herring and great black-
backed collision rates predicted in the 
absence of avoidance behaviour using 
equation 1. 
 
Predicted collision rates were estimated using 
post-construction density estimates and 
generic bird flight data for each species.   


Avoidance rates for large gulls which were 
suitable for use with Option 1 of the Band 
model ranged from 0.994 – 0.999 (tables 10 
& 11). Those based on site specific data were 
felt to be insufficiently precautionary (table 
11). This is likely to reflect the high proportion 
of birds reported at collision risk height by 
Skov et al. (2018) in comparison to previous 
studies (Johnston et al. 2014; Johnston & 
Cook 2016; Corman & Garthe 2014; 
Borkenhagen et al. 2018; Ross-Smith et al. 
2016). Given the uncertainty this introduces, 
it was felt that for large gulls, the avoidance 
rates derived using generic data were most 
appropriate (table 10). Using the generic data 
avoidance rates of 0.994 using the pre-
construction density estimates and 0.995 
using the post-construction density estimates 
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were calculated. Of these, the estimate of 
0.995 derived using post construction density 
estimates was felt to be most appropriate 
because density estimates were based on 
multiple years’ data and, gulls may be 
attracted to wind farms following construction 
(Dierschke et al. 2016).  


3 0.993 The large gulls recorded colliding with 
turbines during the ORJIP BCA project could 
not be identified to species level. 
Consequently, a large gull avoidance rates 
was estimated by comparing the observed 
large gull collision rate to the sum of the 
lesser black-backed, herring and great black-
backed collision rates predicted in the 
absence of avoidance behaviour using 
equation 1. 
 
Predicted collision rates were estimated using 
post-construction density estimates and 
generic bird flight data for each species. 


Avoidance rates for large gulls which were 
suitable for use with Option 3 of the Band 
model ranged from 0.991 – 0.999 (tables 10 
& 11). Those based on site specific data were 
felt to be insufficiently precautionary (table 
11). This is likely to reflect the high proportion 
of birds reported at collision risk height by 
Skov et al. (2018) in comparison to previous 
studies (Johnston et al. 2014; Johnston & 
Cook 2016; Corman & Garthe 2014; 
Borkenhagen et al. 2018; Ross-Smith et al. 
2016). Given the uncertainty this introduces, 
it was felt that for large gulls, the avoidance 
rates derived using generic data were most 
appropriate (table 10). Using the generic data 
avoidance rates of 0.991 using the pre-
construction density estimates and 0.993 
using the post-construction density estimates 
were calculated. Of these, the estimate of 
0.993 derived using post construction density 
estimates was felt to be most appropriate 
because density estimates were based on 
multiple years’ data and, gulls may be 
attracted to wind farms following construction 
(Dierschke et al. 2016). 


Herring gull 1 0.995 The large gulls recorded colliding with 
turbines during the ORJIP BCA project could 
not be identified to species level. 


Avoidance rates for large gulls which were 
suitable for use with Option 1 of the Band 
model ranged from 0.994 – 0.999 (tables 10 
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Consequently, a large gull avoidance rates 
was estimated by comparing the observed 
large gull collision rate to the sum of the 
lesser black-backed, herring and great black-
backed collision rates predicted in the 
absence of avoidance behaviour using 
equation 1. 
 
Predicted collision rates were estimated using 
post-construction density estimates and 
generic bird flight data for each species. 


& 11). Those based on site specific data were 
felt to be insufficiently precautionary (table 
11). This is likely to reflect the high proportion 
of birds reported at collision risk height by 
Skov et al. (2018) in comparison to previous 
studies (Johnston et al. 2014; Johnston & 
Cook 2016; Corman & Garthe 2014; 
Borkenhagen et al. 2018; Ross-Smith et al. 
2016). Given the uncertainty this introduces, 
it was felt that for large gulls, the avoidance 
rates derived using generic data were most 
appropriate (table 10). Using the generic data 
avoidance rates of 0.994 using the pre-
construction density estimates and 0.995 
using the post-construction density estimates 
were calculated. Of these, the estimate of 
0.995 derived using post construction density 
estimates was felt to be most appropriate 
because density estimates were based on 
multiple years’ data and, gulls may be 
attracted to wind farms following construction 
(Dierschke et al. 2016).  


3 0.993 The large gulls recorded colliding with 
turbines during the ORJIP BCA project could 
not be identified to species level. 
Consequently, a large gull avoidance rates 
was estimated by comparing the observed 
large gull collision rate to the sum of the 
lesser black-backed, herring and great black-
backed collision rates predicted in the 
absence of avoidance behaviour using 
equation 1. 
 


Avoidance rates for large gulls which were 
suitable for use with Option 3 of the Band 
model ranged from 0.991 – 0.999 (tables 10 
& 11). Those based on site specific data were 
felt to be insufficiently precautionary (table 
11). This is likely to reflect the high proportion 
of birds reported at collision risk height by 
Skov et al. (2018) in comparison to previous 
studies (Johnston et al. 2014; Johnston & 
Cook 2016; Corman & Garthe 2014; 
Borkenhagen et al. 2018; Ross-Smith et al. 
2016). Given the uncertainty this introduces, 
it was felt that for large gulls, the avoidance 
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Predicted collision rates were estimated using 
post-construction density estimates and 
generic bird flight data for each species. 


rates derived using generic data were most 
appropriate (table 10). Using the generic data 
avoidance rates of 0.991 using the pre-
construction density estimates and 0.993 
using the post-construction density estimates 
were calculated. Of these, the estimate of 
0.993 derived using post construction density 
estimates was felt to be most appropriate 
because density estimates were based on 
multiple years’ data and, gulls may be 
attracted to wind farms following construction 
(Dierschke et al. 2016). 


Great black-
backed gull 


1 0.995 The large gulls recorded colliding with 
turbines during the ORJIP BCA project could 
not be identified to species level. 
Consequently, a large gull avoidance rates 
was estimated by comparing the observed 
large gull collision rate to the sum of the 
lesser black-backed, herring and great black-
backed collision rates predicted in the 
absence of avoidance behaviour using 
equation 1. 
 
Predicted collision rates were estimated using 
post-construction density estimates and 
generic bird flight data for each species. 


Avoidance rates for large gulls which were 
suitable for use with Option 1 of the Band 
model ranged from 0.994 – 0.999 (tables 10 
& 11). Those based on site specific data were 
felt to be insufficiently precautionary (table 
11). This is likely to reflect the high proportion 
of birds reported at collision risk height by 
Skov et al. (2018) in comparison to previous 
studies (Johnston et al. 2014; Johnston & 
Cook 2016; Corman & Garthe 2014; 
Borkenhagen et al. 2018; Ross-Smith et al. 
2016). Given the uncertainty this introduces, 
it was felt that for large gulls, the avoidance 
rates derived using generic data were most 
appropriate (table 10). Using the generic data 
avoidance rates of 0.994 using the pre-
construction density estimates and 0.995 
using the post-construction density estimates 
were calculated. Of these, the estimate of 
0.995 derived using post construction density 
estimates was felt to be most appropriate 
because density estimates were based on 
multiple years’ data and, gulls may be 
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attracted to wind farms following construction 
(Dierschke et al. 2016).  


3 0.993 The large gulls recorded colliding with 
turbines during the ORJIP BCA project could 
not be identified to species level. 
Consequently, a large gull avoidance rates 
was estimated by comparing the observed 
large gull collision rate to the sum of the 
lesser black-backed, herring and great black-
backed collision rates predicted in the 
absence of avoidance behaviour using 
equation 1. 
 
Predicted collision rates were estimated using 
post-construction density estimates and 
generic bird flight data for each species. 


Avoidance rates for large gulls which were 
suitable for use with Option 3 of the Band 
model ranged from 0.991 – 0.999 (tables 10 
& 11). Those based on site specific data were 
felt to be insufficiently precautionary (table 
11). This is likely to reflect the high proportion 
of birds reported at collision risk height by 
Skov et al. (2018) in comparison to previous 
studies (Johnston et al. 2014; Johnston & 
Cook 2016; Corman & Garthe 2014; 
Borkenhagen et al. 2018; Ross-Smith et al. 
2016). Given the uncertainty this introduces, 
it was felt that for large gulls, the avoidance 
rates derived using generic data were most 
appropriate (table 10). Using the generic data 
avoidance rates of 0.991 using the pre-
construction density estimates and 0.993 
using the post-construction density estimates 
were calculated. Of these, the estimate of 
0.993 derived using post construction density 
estimates was felt to be most appropriate 
because density estimates were based on 
multiple years’ data and, gulls may be 
attracted to wind farms following construction 
(Dierschke et al. 2016). 
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4.6 Recommendations for future work 
 
The ORJIP BCA study has collected detailed data on the movements and behaviour of birds 
within an operational offshore wind farm at a scale never previously attempted. Whilst it has 
answered many questions about the movements of birds within a wind farm and how they 
avoid collisions, it has raised many more. In particular, by attempting to derive seabird 
avoidance rates based on observed behaviour, it has highlighted the potential 
consequences for the consenting process of the discrepancy between model assumptions 
and how birds utilise wind farms.  The lack of validation for collision risk models has been a 
key problem for some time (Masden & Cook 2016), with some evidence that modelled 
predictions may be a poor match for observed collision rates (Ferrer et al. 2012; de Lucas et 
al. 2008).  
 
Recommendations for future work fall into two categories – how lessons learned from the 
ORJIP BCA study can be incorporated into similar studies in the future and how the data can 
be used to improve and develop models of collision risk.  
 


4.6.1 Lessons learned 
 
Deriving total macro-avoidance rates from the ORJIP BCA study proved challenging. There 
are two reasons for this. Firstly, it was not possible to collect seabird density data as part of 
this project. This meant that it was not possible to assess changes in the numbers of birds 
present between the pre- and post-construction periods, which may be expected in response 
to displacement effects. Ideally, future studies should seek to collect information about 
seabird density in parallel to fine-scale behavioural data in order to better understand any 
displacement effects. Secondly, whilst the study was well set up to look at the impact of 
barrier effects, attempts to estimate these may have been confounded by the presence of 
fishing vessels on the edge of the wind farm. Species like gulls and northern gannets may be 
attracted to fishing vessels over significant distances (Votier et al. 2010). Consequently, 
there is a risk that some birds may have been responding to the presence of fishing vessels 
on the edge of the wind farm, as reported by observers in both the ORJIP BCA study (Skov 
et al. 2018) and elsewhere (Krijgsveld et al. 2011). In order to fully account for macro-
avoidance behaviour, it would be valuable if future studies were able to develop spatial 
modelling approaches which could account for changes in the density of birds between the 
pre- and post-construction periods. Ideally, such approaches would also account for the 
movement of fishing vessels, which may attract birds and, thus, give a misleading 
impression of the impact of barrier effects. Combining digital aerial survey data with radar 
data may prove a useful approach for this with digital aerial survey data able to offer 
information on distribution and radar able to offer information on flight paths and speeds.   
 
In the estimation of macro-avoidance behaviour, Skov et al. (2018), highlight the different 
components of uncertainty that may contribute to the total uncertainty surrounding the final 
macro-avoidance rates. However, in common with the suggested approach for estimating 
uncertainty set out by Band (2012), these are largely based on expert judgement. Future 
studies should consider how the need for expert judgement in relation to the estimation of 
uncertainty can be overcome. For example, spatial and/or temporal modelling approaches 
could be used in order to determine the level of uncertainty introduced as a result of factors 
such as the presence of fishing vessels and weather conditions.  
 
The ORJIP BCA study has supported previous suggestions that a significant proportion of 
avoidance behaviour may take place at the meso-scale (Cook et al. 2014). Gathering 
additional data at this scale is likely to be extremely valuable. However, as such a high 
proportion of avoidance behaviour occurs at the meso-scale, collecting data on avoidance 
behaviour at a micro-scale is much more challenging. Whilst the ORJIP BCA study has 
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collected the most comprehensive dataset on micro-avoidance to date, it is clear that much 
more data are required in order to fully understand micro-avoidance behaviour, particularly 
at an inter-specific level. Future studies should consider approaches that will maximise the 
collection of data at the micro-scale. A key gap relates to our understanding of how 
avoidance behaviour may differ between day and night. Consequently, future studies should 
make use of thermal cameras to enable collisions to be recorded during the dark.  
 
Estimates of seabird flight heights were based on measurements collected using laser 
rangefinders. Such measurements may be biased against low flying birds and, 
consequently, overestimate the number at risk of collision (Borkenhagen et al. 2018). 
Consequently, it is difficult to ascertain the extent to which the flight height distributions 
obtained as part of the ORJIP BCA study, which are radically different to generic 
distributions collected from elsewhere (Figure 4), reflect this bias and/or site-specific factors. 
Ideally, in order to make the most of these data, future studies should collect flight 
information both inside and outside wind farms using multiple platforms concurrently in order 
to better understand any potential biases.  
 


4.6.2 Collision risk model development 
 
The disparity between the number of collisions predicted by the Band CRM relative to those 
observed (Figure 10) highlights the need to start looking at ways to incorporate realistic 
assessments of bird behaviour into collision risk models. Ideally, we should be asking how to 
make the model better fit the data, rather than how to make the data fit the model, e.g. 
through the use of correction factors. At the same time, there is a need to balance the 
detailed data collected as part of this study with the more generic data typically available as 
part of pre-construction impact assessments. Below, we highlight areas where we feel 
refinements could be made to more accurately assess collision risk.  
 
The Band CRM estimates the number of birds at risk of collision by predicting the number of 
birds likely to pass through the turbine rotor-swept area per second (Band 2012). This is 
based on an estimate of bird flight speed, to determine how long it would take a bird to pass 
through the rotor, and density, in order to estimate the number of birds available to pass 
through the rotor per unit time. As highlighted above (Table 3 and section 4.1) the generic 
estimates of flight speed far exceed those measured as part of the ORJIP BCA Study, 
meaning, the use of generic data results in significantly higher estimated flux rates (Table 6). 
Furthermore, the Band CRM assumes that birds fly at a constant speed, perpendicular to the 
rotor. If these assumptions are not met, for example, if the flight path taken by a bird is not 
perpendicular as it approaches the turbine, this may also have significant implications for the 
number of birds estimated to be at risk of collision (Table 6). For example, birds engaged in 
area-restricted search foraging behaviour, may be less likely to be travelling in a straight line 
than those commuting between foraging areas and breeding colonies (Votier et al. 2013). 
Furthermore, rather than approaching the turbine rotor at a perpendicular angle, as assumed 
by the Band CRM, the ORJIP BCA study noted a significant number of birds flying in parallel 
to the turbine blades. Models should be refined in order to account for site specific 
differences in bird behaviour (e.g. commuting vs. foraging flight) as these differences are 
likely to have a substantial impact on collision risk.  
 
In contrast, the data collected as part of the ORJIP BCA study suggests that the Band CRM 
may underestimate the probability of a bird passing through a turbine colliding with the 
blades. Using site-specific data, the probability of collision was estimated at between 0.07 – 
0.12 (Table 7), depending on the species and approach used. However, the data collected 
as part of the ORJIP BCA showed six of the 15 birds that crossed the rotor swept area 
colliding, implying a greater probability of collision in the region of 0.4, albeit based on limited 
data. Again, the ORJIP BCA study is the first, to our knowledge, to offer quantitative data 
regarding the number of birds crossing the rotor-swept area which collide with the turbine 
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blades. One potential reason for this discrepancy is that birds crossing a rotor swept area at 
an oblique angle may be more likely to collide than those making a perpendicular approach 
to the rotor (Band 2012). Band (2012) argues that this effect can be offset by the fact that the 
elliptical shape of the rotor means that birds are less likely to enter the rotor swept area. 
Subsequent analyses have shown that accounting for an oblique approach may result in a 
substantially increased collision risk (Christie & Urquhart 2015). Models should be refined in 
order to more accurately reflect bird movement patterns and account for an oblique 
approach to the turbine rotors. This will necessitate data describing bird movement patterns 
being collected as part of EIAs. This could be achieved either through the use of tracking 
data or, by examination of images collected by digital aerial surveys.  
 
The analyses presented above suggest that the Band CRM may give a misleading 
impression of absolute collision risk, with predicted collision rates higher than those 
observed, even after accounting for avoidance behaviour (Figure 10). However, it should be 
acknowledged that “all models are wrong, but some are useful” (Box et al. 2005). In the 
context of collision risk modelling, at present the Band CRM may reflect our best approach 
for assessing collision risk. However, ideally the predictions should be treated in relative 
rather than absolute terms. As more data become available, for example, through radar or 
tracking studies, these data should be used to refine the models in order to more accurately 
account for bird movement and behaviour. These model refinements (e.g. accounting for 
differences in behaviour and oblique approaches to wind turbines) are likely to reduce the 
error associated model simplifications (Band 2012) meaning that the correction factor 
referred to as an avoidance rate can be more closely aligned with the empirical avoidance 
rates calculated by the ORJIP BCA study.  
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7 Appendix 1 Estimating Avoidance Rates with 
Confidence Intervals 


 


In light of the development of stochastic collision risk models (Masden 2015; McGregor et al. 
2018) the project steering group requested BTO to provide estimates of avoidance rates with 
associated confidence intervals. Following the logic set out in Table 12, we estimate 
avoidance rates and their associated confidence intervals for black-legged kittiwake and 
large gulls using post-construction bird density estimates, generic flight height information 
and estimates of flux rates derived using straight line speed and estimates of the probability 
of collision and collision integral derived using true speed.  
 
Following the methodology set out in Masden (2015) and McGregor et al. (2018) we use a 
Monte Carlo simulation approach in order to estimate the number of collisions expected in 
the absence of avoidance behaviour. Following the sensitivity analyses set out in Masden 
(2015), bird density, bird flight speed and bird flight height distribution were identified as the 
parameters most likely to affect estimates of collision in the absence of avoidance behaviour. 
Accordingly, these were randomly sampled, as set out below, and the model was run for 
1000 iterations. For each of these 1000 iterations an avoidance rate was calculated using 
equation 1. The median avoidance rate and 95% confidence intervals were then calculated 
from these values for black-legged kittiwake and large gulls.  
 
 


7.1 Bird Density 
 
Estimates of the number of birds likely to collide in the absence of avoidance behaviour can 
be very sensitive to the estimate of bird density (Masden 2015). Consequently, it is important 
that simulated density estimates fall within a distribution which is a realistic representation of 
the birds present at a site. If this distribution is positively biased (i.e. high densities are over-
represented in the data) then the avoidance rates that are derived will be over-estimated 
because the predicted collision rate in the absence of avoidance will have been over-
estimated. Conversely, for the same reason, if the distribution used is negatively biased (i.e. 
low densities are over-represented in the data) the derived avoidance rates will be under-
estimated.  
 
The densities presented in Royal Haskoning (2013) do not include estimates of uncertainty. 
Consequently, it is necessary to make assumptions about the distributional form of the data. 
We converted the mean post-construction density estimates in table 2 into estimates of the 
total number of birds within the area covered by the cameras shown in figure 1. For each 
iteration of the analysis, we then randomly sampled the number of birds within the area 
covered by the cameras from a Poisson distribution and converted this back into a density 
estimate for the remaining steps of the analysis. Distributions of density estimates generated 
in this way appeared a reasonable approximation for the distributions of density estimates 
obtained from an adjacent site (APEM 2018). 
 
 


7.2 Bird Speed 
 
As described above, bird speed can be estimated based on the straight-line distance 
travelled by a bird or, by based on point estimates of speed. Speed is incorporated in the 
Band model twice – firstly in order to estimate the flux rate and, secondly to estimate the 
probability of a bird crossing a turbine rotor swept area and colliding. As described above, 
the straight line speed is used in order to estimate the flux rate and the point estimates of 
speed are used to estimate the probability of a bird crossing a rotor swept area and colliding.  
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Masden (2015) and McGregor et al. (2018) both use a normal distribution in order to 
estimate species flight speeds. However, this may generate estimates of flight speed of less 
than 0 m/s. Following Ross-Smith et al. (2016), we assume that birds in flight are travelling 
at a speed of 4 km/h, approximately 1.1 m/s. Consequently, we use a truncated normal 
distribution with a minimum value of 1.1 m/s in order to generate estimates of flight speed in 
each iteration of our analysis. Mean and standard deviations of straight line and point 
estimates of species flight speeds are generated from the data collected as part of the 
ORJIP BCA study and presented in table A1.  
 
Table A1. Mean and standard deviation of species true and straight-line speeds. 


 True Flight Speed Straight Line Flight Speed 


Black-legged Kittiwake 8.57 (SD 3.47) 6.68 (SD 3.49) 
Lesser Black-backed Gull 10.44 (SD 4.25) 8.35 (SD 4.90) 


Herring Gull 9.75 (SD 3.44) 8.04 (SD 3.84) 
Great Black-backed Gull 10.00 (SD 4.39) 8.52 (SD 5.10) 


 
 


7.3 Bird Flight Height 
 
Species flight heights are treated differently by the basic and extended Band models (Band 
2012). In the case of the basic Band model a single value, the proportion of birds at collision 
risk height is used. In the case of the extended Band model, a continuous distribution of the 
proportion of birds at different heights is used. Such distributions can be derived from the 
survey data collected to support offshore wind farm EIAs (Johnston et al. 2014). In order to 
estimate avoidance rates suitable for use in the basic and extended Band models, we used 
the generic flight height distributions derived by Johnston et al. (2014). The analyses of 
Johnston et al. (2014) used a bootstrapping procedure in order to generate a median flight 
height distribution and associated confidence intervals for each species. Each bootstrap 
represented a modelled distribution for random sample of the data for each species. For 
each iteration of the analysis used to predict the number of birds colliding in the absence of 
avoidance behaviour we randomly selected one of these bootstrap flight height distributions. 
In the case of the basic Band model, we used this distribution to estimate the proportion of 
birds at collision risk height. In the case of the extended Band model this random selection 
was used as the flight height distribution when calculating the collision integral.  
 
 


7.4 Avoidance Rates with Confidence Intervals 
 
Following the Monte Carlo simulation exercise described above, the avoidance rates derived 
were in broad agreement with those outlined in table 12. Whilst there was some discrepancy 
between the values reported in table 12 and the median values derived using Monte Carlo 
simulations, the values in table 12 were within the 95% confidence intervals of the new 
values (Table A2). This discrepancy relates to how the flight height distributions were used 
when deriving the avoidance rates.  
 
Flight height distributions are estimated following the methodology set out in Johnston et al. 
(2014). The best fit distribution is estimated from the complete flight height dataset and is 
that which best fits the available data. Confidence intervals were calculated around this 
distribution using a bootstrapping approach, randomly sampling from the original dataset 
each time. As a result, each individual bootstrap reflects the shape the distribution would be 
if some of the data were excluded. It is not meaningful to compare the mean values obtained 
from the bootstraps to the best-fit distribution because they are a series of sub-samples 
(Johnston et al. 2014; Masden 2015). The values from table 12 are derived using the best fit 
distribution and the median values in table A2 are derived using bootstrapped values. 
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We recommend the values in table A2 for use in stochastic collision risk models.  
 
Table A2. Avoidance rates and 95% Confidence intervals derived using a Monte Carlo simulation 
approach for Black-legged Kittiwake and Large Gulls. 


 Basic Band Model Extended Band Model 


Black-legged Kittiwake 0.994 (0.976 – 0.998) 0.970 (0.871 – 0.989) 
Large Gulls (Lesser Black-
backed Gull, Herring Gull, 
Great Black-backed Gull) 


0.997 (0.992 – 0.999) 0.990 (0.974 – 0.995) 
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SUMMARY 
This report reviews evidence concerning the populations of seabirds that are present in UK 
waters during the non-breeding period. It uses the literature to assess the sizes of seabird 
populations with the aim to use the most up to date available data (usually expressed in 
terms of numbers of breeding pairs in each country). It uses data on the demography of 
seabirds (survival rates, age of first breeding, productivity) to model population age structure 
in order to assess the numbers of immature birds that are associated with breeding 
populations, since it is not normally possible to census immature components of seabird 
populations. Data on the timing of breeding and of migration are used to assess the 
appropriate seasonal definitions to use in this project; this assessment was based on 
literature and on appropriate data compliations such as annual bird reports, and online 
databases presenting seabird migration statistics. For each key species, migratory 
movements are reviewed based on literature and web pages reporting ring recovery data, 
geolocator tracking (for the few species for which tracking data are available), seawatching, 
at-sea survey data, biometrics and other markers of origins of birds. Numbers thought to be 
present in UK waters were also reviewed from these sources. Data on numbers of breeding 
pairs in UK Special Protection Area (SPA) breeding populations were tabulated for each 
species. Data were used to present hierarchical scales that can be of use in assessment of 
impacts on populations; firstly the biogeographic population with connectivity to UK waters 
(defining which populations visit UK waters and the estimated total numbers of birds (adults 
and immatures) in that combined population); secondly the total number of birds present in 
all UK territorial waters during the defined season; thirdly the total number of birds in each 
spatially distinct biologically defined minimum population scales (BDMPS) population during 
that defined season. BDMPS population sizes were estimated from the information reviewed 
on migrations of each population, and the most up to date data were used in an apportioning 
of birds from each population into each BDMPS. Confidence in the assessments of BDMPS 
population sizes was expressed using a traffic light coding where green represents numbers 
thought likely to be accurate to no more than 30% less or 50% more than the estimated 
number, amber represents numbers thought likely to be accurate to no more than 50% less 
or 80% more than the estimated number, and red represents numbers where the true value 
may lie more than 50% below, or 80% above, the estimate presented. It is intended that the 
apportioning tables (69 tables presented as Appendix A) can be updated as new census 
data become available, and as new data on migrations and winter distribution are gathered 
that allow more precise and accurate quantifications of proportions of populations present 
within defined spatial areas. A summary of the BDMPS populations is given in the following 
table. For details of defined spatial areas named in Table 0.1 see maps in each individual 
species’ account. 
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Table 0.1. Summary of the estimated numbers of birds (adults plus immatures) in each 
BDMPS spatial and seasonal population for each seabird species considered in this report. 
BDMPS are colour coded to indicate level of uncertainty about numbers (green low, amber 
moderate, red high). See species accounts for details of uncertainty, including issues about 
numbers of BDMPS to be defined which are in addition to uncertainty about numbers. 


Red-throated diver  
 Winter (December-January) Migration seasons (Sept-Nov and Feb-April) 
 NW North Sea 1,523 UK North Sea 13,277   
 West of Scotland 861 UK western waters & 


Channel 
4,373   


 SW North Sea 10,177     
 NW England & Wales 1,657     
 SW England & Channel 1,153     
Great northern diver      
 Non-breeding season (Sept-May)    
 West of Scotland 2,000     
 NW North Sea 1,000     
 SW North Sea & Channel 200     
 NW England & Wales 300     
 SW England 500     
Northern fulmar      
 Winter (November)  Migration seasons (Sept-Oct and Dec-Mar) 
 UK North Sea 568,736 UK North Sea 957,502   
 Western waters & Channel 556,367 Western waters & 


Channel 
828,194   


Manx shearwater      
 Migration seasons (Aug-early Oct and late Mar-May)   
 UK North Sea 8,507     
 Western waters & Channel 1,580,895     
Northern gannet      
 Autumn (Sept-Nov)  Spring (Dec-Mar)   
 UK North Sea & Channel 456,298 UK North Sea & 


Channel 
248,385   


 Western waters 545,954 Western waters 661,888   
Great cormorant      
 Non-breeding season (Sept-Mar)    
 NW North Sea 6,012     
 SW North Sea & Channel 10,460     
 West of Scotland 7,049     
 SW England & Wales 9,602     
European shag      
 Non-breeding season (Sept-Jan)    
 NW North Sea 45,503     
 SW North Sea & Channel 4,346     
 West of Scotland 37,363     
 SW England & Wales 13,075      
Arctic skua      
 Autumn (Aug-Oct)  Spring (Apr-May)   
 North Sea & Channel 6,427 North Sea & Channel 1,227   
 Western waters 5,287 Western waters 5,111   
Great skua      
 Autumn (Aug-Oct)  Winter (Nov-Feb) Spring (Mar-Apr) 
 North Sea & Channel 19,556 North Sea & Channel 143 North Sea 


& Channel 
8,485 


 Western waters 16,336 Western waters 1,398 Western 
waters 


25,090 
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Lesser black-backed gull      
 Autumn (Aug-Oct)  Winter (Nov-Feb) Spring (Mar-Apr) 
 North Sea & Channel 209,007 North Sea & Channel 39,314 North Sea 


& Channel 
197,483 


 Western waters 163,304 Western waters 41,159 Western 
waters 


163,304 


Herring gull      
 Non-breeding season (Sept-Feb)    
 North Sea & Channel 466,511     
 Western waters 173,299     
Great black-backed gull      
 Non-breeding season (Sept-Mar)    
 UK North Sea 91,399     
 West of Scotland 34,380     
 SW and Channel 17,742     
Black-legged kittiwake      
 Autumn (Aug-Dec)  Spring (Jan-Apr)   
 UK North Sea 829,937 UK North Sea 627,816   
 Western waters & Channel 911,586 Western waters & 


Channel 
691,526   


Sandwich tern      
 Migration seasons (July-Sept & Mar-May)   
 North Sea & Channel 38,051     
 Western waters 10,761     
Roseate tern      
 Migration seasons (Aug-Sept & late Apr-May)   
 East coast & Channel 251     
 N & W Scotland 4     
 W England & Wales 2,100     
Common tern      
 Migration seasons (late July-early Sept & Apr-May)   
 North Sea & Channel 144,911     
 Western waters 64,659     
Arctic tern      
 Migration seasons (July-early Sept & late Apr-May)   
 North Sea & Channel 163,930     
 Western waters 71,398     
Little tern      
 Migration seasons (late July-early Sept & mid-Apr-May)   
 North Sea & Channel 3,524     
 Western waters 1,602     
Common guillemot      
 Non-breeding season (Aug-Feb)   
 North Sea & Channel 1,617,306     
 Western waters 1,139,220     
Razorbill      
 Migration seasons (Aug-Oct & Jan-


Mar) 
Winter (Nov-Dec)   


 North Sea & Channel 591,874 North Sea & Channel 218,622   
 Western waters 606,914 Western waters 341,422   
Black guillemot      
 Non-breeding season (September-March)   
 N within 20 km      
Atlantic puffin      
 Non-breeding season (mid-August-March)   
 North Sea & Channel 231,957     
 Western waters 304,557     


  iv | P a g e  
 







 


 
1. INTRODUCTION 


1.1 Background to this project 
The UK Statutory Nature Conservation Bodies (SNCBs) – the Joint Nature Conservation 
Committee (JNCC), Natural England (NE), Natural Resources Wales (NRW), Scottish 
Natural Heritage (SNH), the Department of the Environment, Northern Ireland (DOENI) and 
Marine Scotland (MS) – require agreed population estimates for seabird populations in the 
non-breeding season. With recent Crown Estate leasing rounds, there is now an 
unprecedented amount of marine renewables development proposed in UK waters, all of 
which has the potential to impact on seabird populations, to a greater or lesser degree. 
 
Current impact assessments for marine renewables focus on potential impacts to seabirds 
during the breeding season when breeding birds are closely associated with their colonies, 
and where impacts can more easily be attributed to breeding populations (e.g. based on 
foraging ranges). However, there is a need to consider potential impacts to seabirds outwith 
the breeding season, for which there is current lack of agreement on population scale and 
non-breeding season population estimates. These are required in order that non-breeding 
season impacts can be assessed, against appropriate populations.  
 
To address the impacts of marine renewables across each species’ full annual cycle, we 
need to determine the origins and sizes of seabird populations during the non-breeding 
season, and agree how to combine assessment of non-breeding season impacts with 
breeding season ones. As a first step, we require population estimates, at an agreed scale, 
for key seabird species (those most likely to be affected by development) occurring in UK 
waters in the non-breeding season. These then need to be adjusted to take account of 
immature birds present since those can form a high proportion of the population in species 
with deferred maturity. These regionally defined populations are the appropriate ones to 
consider for Environmental Impact Assessment (EIA). For Habitats Regulation Assessment 
(HRA), it is then necessary to consider which Special Protection Areas (SPAs) contribute to 
each regionally defined population. 
 


1.2 Overall Aim 
The overall aim of the project is to review and define species-specific non-breeding season 
seabird populations at biologically defined minimum population scales (BDMPS) to enable 
the apportioning of potential impacts of marine renewable developments during the non-
breeding season. Species included in this review are: red-throated diver, great northern 
diver, northern fulmar, Manx shearwater, northern gannet, great cormorant, European shag, 
Arctic skua, great skua, lesser black-backed gull, herring gull, great black-backed gull, black-
legged kittiwake, Sandwich tern, roseate tern, common tern, Arctic tern, little tern, common 
guillemot, razorbill, black guillemot, and Atlantic puffin.  
 


1.3 EIA and HRA non-breeding season assessments; project requirements 
For EIA purposes, impacts need to be assessed against relevant regional populations, 
including not only birds from the UK but also birds from overseas populations that pass 
through UK waters on migration or winter in UK waters. This assessment can be at a range 
of spatial scales, from the biogeographic population downwards (biogeographic population 
scales have been well defined by JNCC and others – see for example Stroud et al. 2001; 
Kober et al. 2010, 2012; JNCC 2014). The largest spatial scale (the biogeographic 
population) is most easily defined in terms of seabird numbers and distribution, but would 
require cumulative assessment of all projects within the entire biogeographic population 
range which may be impractical. This report presents a smaller scale which is the 
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biogeographic population with connectivity to UK waters. That population is the sum of 
numbers in the UK population plus each overseas population known to visit UK waters either 
to winter or during migration to winter quarters elsewhere. That population is therefore in 
most cases smaller than the biogeographic population since the latter may include 
populations of the species that do not ever visit UK waters so are not at risk from 
development within UK waters. However, in many cases, overseas populations are large yet 
only a very small fraction of the population visits UK waters. So assessing impacts against 
the biogeographic population with connectivity to UK waters might assess the impact against 
much larger numbers than are ever present in UK waters. So the next step may be to 
consider assessment against the total number of individuals of the species that are present 
in UK waters at a particular season (non-breeding season, autumn migration, winter etc). For 
each species this total number, and the contribution of birds from UK and from overseas, is 
presented as a reference value. However, for Habitats Regulations Assessment (HRA) and 
to make EIA more practical, it may be more appropriate to consider smaller spatial scales, 
hence the derivation of the BDMPS. In general, for many species there are two clear 
BDMPS in UK waters, one in the UK North Sea and one in UK western waters. The UK land 
mass separates these areas and does present a significant barrier to movement of seabirds 
so that for most species the birds in the North Sea mix very little with birds in UK western 
waters and vice versa. For some species there are also clear separations between 
populations in northern and southern parts of UK waters. For a few species, while the two 
BDMPS seem appropriate, there is limited movement of birds from specific colonies within a 
BDMPS, so that a smaller spatial scale than the BDMPS would be appropriate for 
assessment. In such cases a more appropriate Reference Area needs to be defined in 
relation to a proposed development, taking account of the limited mobility of birds from focal 
colonies within the BDMPS. 
 
The smallest spatial scale makes identifying all relevant projects much simpler, but comes at 
a cost of less clearly defined seabird populations as the exact movements in time and space 
of each age class of each population are not well known for any seabird species. For EIA, it 
is therefore likely that the optimal compromise is to define regional populations at an 
intermediate spatial scale between biogeographic and local. HRA requires that impacts to 
the proportion of the population that are qualifying features at SPAs are considered. This 
includes assessing the potential impact of offshore projects on SPA population features 
throughout the whole year. Where evidence allows, impacts to non-breeding season 
populations should be linked to specific breeding colonies. Where this is not possible, 
potential impacts might need to be assessed against the overall UK SPA network population 
of the respective species.  
 
This requires the definition of the wintering area of UK breeding populations and an 
understanding of the influx of birds breeding abroad but mixing with UK SPA breeding birds 
within UK waters during the non-breeding season. As our understanding of biogeographic 
populations is relatively advanced, and breeding and non-breeding range for those 
biogeographic population units are more or less defined, the biogeographic population, 
which includes UK breeding birds, might represent the largest reference unit to start with in 
the absence of more specific knowledge. 
 
Based on population estimates of the overall biogeographic population (e.g. AEWA (2012)) 
and the UK population of a specific species within the SPA suite, the proportional 
contribution of the UK SPA birds to a biogeographic population can be derived. Assuming an 
equal mixing of birds from across the biogeographic breeding range during the non-breeding 
season, this allows apportioning of potential impacts on the overall UK SPA network, or even 
to individual SPAs.  
 
Nonetheless, whenever evidence allows, the aim should be to define non-breeding season 
biologically relevant population scales (BDMPS) which are smaller than the biogeographic 
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region. There could be a need to define different BDMPSs for different seasons. BDMPS 
may be appropriate for the entire non-breeding period for some species, or may need to be 
split into separate BDMPS for migration periods and for that part of winter when no migration 
occurs. The driver for all this is to generate a useful scale that allows us to determine what 
the impacts of an offshore project are on seabird populations and SPA populations. For this 
we need to be able to a) assign the birds that are predicted to be impacted by a project to a 
particular population and SPA; b) to calculate what proportion of the population and SPA 
population that number of birds represents. 


With very few exceptions (such as penguins) seabird population sizes have never been 
counted. This is because, unlike penguins which moult communally with all age classes 
represented, most seabird species are never all in one place together. Data on seabird 
‘population’ sizes are mainly presented in terms of numbers of breeding pairs, or in similar 
units (such as Apparently Occupied Territories) based on census work at colonies. However, 
these counts monitor only one part of the whole population (breeding adults). Seabird 
populations include not only these breeding pairs but also large numbers of sexually 
immature birds (because seabirds exhibit deferred maturity so immature birds can represent 
similar numbers to the breeding component), and in some cases some sexually mature non-
breeding adults. Once the non-breeding season BDMPS is defined and the wintering 
population quantified, it is necessary to estimate the proportion of the population which do 
not contribute to the number of breeding pairs estimated at relevant breeding colonies. This 
will consist of large numbers of sexually immature sub-adults, and might in some cases also 
include sexually mature but non-breeding adults. 
 
For the breeding season, the BDMPS is defined as the breeding population within foraging 
range from the project, plus non-breeders and immatures, which are likely to originate from a 
much wider range of colonies and may include young immature birds spending the summer 
in their wintering area as well as immatures loosely associated with local colonies. For the 
non-breeding season, the steps are as outlined above except for apportioning any impacts 
back to the SPA; separate BDMPS may need to be defined for the migration seasons as well 
as for the ‘winter’ period between migration seasons. 
 
A literature review has been conducted to establish whether such proportions have been 
estimated for any of the priority species, and whether proportional estimates are appropriate 
to the BDMPS. Secondly, where such estimates have not been made, a review of 
demographic parameters has been undertaken to establish the most appropriate values to 
use for the BDMPS and indicate where data gaps exist, focussing on age at first breeding, 
productivity, and age/life stage-specific survival rates at suitable population scales. Thirdly, 
demographic parameters have been used to inform age-structured population models (e.g. 
Leslie matrices), to estimate a stable age distribution from which the proportion of breeding 
adults and of immature birds within the BDMPS can be estimated. 
 
This report will soon become out of date. It will be necessary to update seabird population 
estimates and seabird movement patterns, to take account of new data and to take account 
of changes that are occurring as a consequence, for example, of changes in environmental 
conditions (such as distributions of fish stocks and fisheries management practices such as 
discarding). Furthermore, we will soon see new designations of Special Protection Areas for 
non-breeding seabirds. These new SPA designations are anticipated first to include inshore 
areas for non-breeding aggregations of divers, grebes and seaducks, and subsequently also 
marine areas for non-breeding offshore seabirds. Those designations have not been 
included in this report as the exact areas and species to be included remain uncertain at the 
present time. 
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2. METHODS 


2.1 Breeding range and taxa 
Information on the breeding range of the species, the number of sub-species that are 
recognised, and the breeding ranges of individual sub-species, was summarised from 
Forrester et al. (2007) and Brown and Grice (2005), with reference where necessary to 
Handbook of the Birds of the World (Hoyo et al. 1992-2011) and Birds of the Western 
Palearctic (Cramp et al. 1977-1994). Where sub-species are recognised, there is clearly 
scope to reduce the biogeographic population being considered to the relevant sub-species, 
and differences in the biometrics of different sub-species or populations within sub-species 
can also be informative about the origins of birds if their measurements can be obtained.  


2.2 Non-breeding component of the population 
Seabirds are generally long-lived animals which show deferred maturity. The species that 
are the focus of this project start to breed when, on average 2 (roseate tern) to 9 years old 
(northern fulmar). Therefore, a major part of the population will comprise immature birds. 
Seabirds are almost always censused in units of breeding pairs, so the population size 
based on breeding pairs provides only a partial census of the entire population. In this report 
the numbers of immature birds associated with breeding populations have been estimated 
by applying the simplest of Leslie matrix models to estimate the numbers of birds in each 
age class in a stable (equilibrium) model population (stable age distribution and immature 
survival rates adjusted to give a zero net rate of population change) with defined 
demographic parameters. Consistent as well as appropriate selection of demographic 
parameters is important. Therefore, for each species the age at first breeding and adult 
survival rate data presented by BTO Birdfacts (http://www.bto.org/about-birds/birdfacts 
accessed 11 March 2014) which presents the values considered to be most up to date and 
most appropriate for UK seabird populations were taken as the basis for modelling 
populations. This was done for consistency of approach and convenience, but with the 
caveat that BTO Birdfacts might not be the most appropriate source for all species and is 
only updated periodically. However, assessing all demographic data for all species would in 
itself represent a major project and was agreed to be outwith the scope of this project. 
Generally, most seabirds have been studied in enough detail to provide moderately precise 
measures of adult survival rate, although this can vary with colony size, food abundance and 
climate (Sandvik et al. 2012). Data on productivity (breeding success as chicks fledged per 
pair) were extracted as annual measures from each individual monitored colony from the 
JNCC seabird productivity monitoring database (http://jncc.defra.gov.uk/page-1550 
accessed 11 March 2014) for the years 1986 to 2006 (the years for which data are 
presented in tables in annual reports). For the population model, data on age at first 
breeding, adult survival and mean productivity were used at face value. Data on juvenile or 
immature survival are not available for many seabird species, and those data reported in 
literature tend to be highly uncertain with very large confidence intervals and possible 
biases. So data on immature survival were used as a guide in constructing models, but 
survival rates input into the model were iteratively adjusted until the model produced 
approximate stability (a zero rate of population growth). This approach was considered to be 
precautionary in that an increasing population will tend to have a higher ratio of immatures to 
breeding adults than will be present in a stable population, whereas a declining population 
may or may not differ in ratio of immatures to adults depending on which age classes are 
exposed to elevated mortality rates that are causing the population decline. Adjustments of 
immature survival rates were made so that survival rates always increased with age up to 
the adult survival rate. Numbers in each age class were then used to estimate the ratio of 
immatures to breeding adults, making the (precautionary) assumption that no birds of 
breeding age took sabbatical years off breeding. In practice, it is known that in some seabird 
populations subject to extreme environmental stresses, some breeders will take sabbatical 
years, although for most species when conditions are normal or good, virtually all birds of 
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breeding age do breed (Harris and Wanless 1995). The age composition of populations is, of 
course, strongly affected by the mean age at first breeding. The BTO Birdfacts web site does 
not indicate the published sources from which they obtained data on mean age of first 
breeding for each species. However, their presented values appear to match with the 
literature, except in the case of Atlantic puffin. For puffins, Harris and Wanless (2011) 
indicate a mean age of first breeding of 7 years old, whereas BTO Birdfacts cites a mean 
age of first breeding at 5 years old. Modelling the population using an age of first breeding of 
5 years generates an estimated 0.82 immatures per breeding adult whereas for an age of 
first breeding of 7 years generates an estimated 1.08 immatures per breeding adult (making 
no changes to the productivity and adult survival rates used in the model). This is likely to be 
the largest uncertainty in the estimated ratio of immatures to adults, as the age of first 
breeding seems to be better known for most other seabirds.  
 
Implications of altering adult survival rate for the ratio of immatures per adult are generally 
moderate (Figure 2.1), as are implications of altering age at first breeding (Figure 2.2) or 
productivity (Figure 2.3). The proportion of immatures tends to decrease with increasing 
adult survival rate, but tends to increase where age at first breeding increases, and tends to 
increase with productivity of the population.  
 


 
 
Figure 2.1. Model estimates of the numbers of immatures per breeder (ranging from 0.65 to 
1.28) for a range of values of adult survival rate (from 0.84 to 0.96), values of productivity 
and age of first breeding being held constant at mean values. 
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Figure 2.2. Model estimates of the numbers of immatures per breeder (ranging from 0.49 to 
1.71) for a range of values of age of first breeding (from 2 to 9 years old), values of 
productivity and adult survival being held constant at mean values. 
 


 
 
Figure 2.3. Model estimates of the numbers of immatures per breeder (ranging from 0.73 to 
1.32) for a range of values of productivity (from 0.4 to 1.2 chicks per pair), values of age of 
first breeding and adult survival being held constant at mean values. Note that in all of these 
analyses, the ratio of immatures to breeders is close to 1, meaning that under a range of 
plausible demographic values seabird populations contain a similar total number of immature 
birds to the total number of breeding adults.  
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Age of first breeding, adult survival rate and productivity data input into the Leslie Matrix 
model are summarised below, together with the derived estimate of the number of 
immatures per breeding adult in a typical population of each species. 
   
Species Age of 


first 
breeding 
(years) 


Adult 
survival 


rate 


Mean 
productivity 


Estimated 
immatures per 
breeding adult 
in population 


Red-throated diver 3 0.84 0.635 0.74 


Great northern diver 6 0.9 0.635 1.1 


Northern fulmar 9 0.972 0.424 0.62 


Manx shearwater 5 0.905 0.591 0.84 


Northern gannet 5 0.92 0.684 0.81 


Great cormorant 3 0.88 1.913 1.17 


European shag 4 0.878 1.289 1.31 


Arctic skua 4 0.886 0.522 0.71 


Great skua 7 0.888 0.664 1.42 


Lesser black-backed gull 4 0.913 0.517 0.68 


Herring gull 4 0.88 0.936 1.09 


Great black-backed gull 4 0.88 1.139 1.26 


Black-legged kittiwake 4 0.882 0.672 0.88 


Sandwich tern 3 0.898 0.656 0.63 


Roseate tern 2 0.855 1.293 0.75 


Common tern 3 0.9 0.721 0.67 


Arctic tern 4 0.9 0.402 0.58 


Little tern 3 0.899 0.521 0.56 


Common guillemot 5 0.946 0.678 0.74 


Razorbill 4 0.9 0.633 0.75 


Black guillemot 4 0.87 1.295 1.32 


Atlantic puffin 7 0.93 0.67 1.04 
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Although modelling shows that the ratio of immatures per adult is relatively robust to errors in 
demographic parameter estimates, it would be useful to be able to validate these ratios. 
Data on the proportions of different age classes of seabirds at sea might seem to be one 
way to try to do this. However, very few seabird species can be identified to age classes with 
confidence. For example, ageing of auks at sea is almost impossible. Kittiwakes can be 
identified as juvenile/first year or ‘adult’ based on plumage, but the ‘adult’ category will 
include many immatures as well as birds of breeding age. Large gulls can be more securely 
aged based on plumage, but there is considerable overlap in plumages between age classes 
and older immatures are not easy to separate from adults in the field so that survey fieldwork 
that is not specifically aimed at determining numbers of each age class is likely to mis-
classify many individuals. Gannets have a sequence of plumages that allow fairly detailed 
classification of birds into ages, but again the older immatures can be mistaken for adults if 
not examined in detail. Moreover, the at sea distribution of seabirds differs between age 
classes, with youngest birds tending to spend their time in the winter quarters even during 
summer, breeding adults tending to stay closest to their breeding area, and immature birds 
probably at sea in areas that have good food supplies but are away from large colonies. So it 
is not clear that any at sea data on proportions of different age classes would provide a 
secure test of the estimated proportions based on demographic data. 


2.3 Phenology 
Information on the timing of seabird breeding seasons (initial arrival back at the colony in 
spring, modal return to colony in spring, modal departure from colony at the end of the 
breeding season, and final departure from the colony) was extracted from Forrester et al. 
(2007) and Pennington et al. (2004). In addition, data on modal arrival at colonies in spring, 
and modal departure from colonies in autumn were extracted from Orkney Bird Reports for 
2008, 2009, 2011 and 2012, Shetland Bird Reports for 2008 to 2012, and Fair Isle Bird 
Observatory Reports for 2007 to 2012. These data were collated in an Excel spreadsheet 
and then used to describe the timing of seabird breeding seasons. Data on timing of seabird 
migrations were obtained from several sources. Timings for autumn and spring migrations 
(beginning/peak/end), were extracted from Cramp et al. (1977-1994), Wernham et al. (2002), 
Pennington et al. (2004), Brown and Grice (2005), Forrester et al. (2007) and Vanermen et 
al. (2013). The earliest spring sighting of the species, peak of spring migration, peak of 
autumn migration, and the last reported sighting of the autumn were extracted from Orkney 
Bird Reports for 2008, 2009, 2011 and 2012, Shetland Bird Reports for 2008 to 2012, Fair 
Isle Bird Observatory Reports for 2007 to 2012, Argyll Bird Reports for 2008 to 2012, and the 
Gibraltar migration watch website www.gonhs.org. In addition, data for each seabird species 
on the mean numbers per hour observed at UK migration sites for each week of the year 
(averaged over all years for which data were collected) were extracted from the Trektellen 
migration web site www.trektellen.nl. The Trektellen data were used to plot histograms 
describing the seasonality of observations at migration sites (most of which are located in E 
or SE England), to infer the timings of spring and autumn migrations. As with timing of 
breeding, extracted data on timing of migrations were entered into an Excel spreadsheet and 
these data were then used to describe phenology in individual species accounts. The timing 
of breeding seasons defined within this report is evidence-based from the literature, but does 
not replace SNCB guidance documents on seabird breeding seasons. Where SNCB 
guidance differs from the seasons presented in this report, the definitions of seabird 
breeding and non-breeding periods in assessments needs to be agreed with SNCBs in 
advance of assessments being made. 
 
Accounts of phenology in Cramp et al. (1977-1994) differ somewhat from those in Wernham 
et al. (2002), Pennington et al. (2004), and Forrester et al. (2007), in that Cramp et al. 
consider the timings of migrations throughout the species’ range and not specifically in UK 
waters. For that reason, less attention was given to details in Cramp et al. (1977-1994) 
except where this either did, or did not, match up with data in the other sources. Data on 
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phenology in Wernham et al. (2002) were sometimes equivocal, as it was not always evident 
whether text was describing seabird phenology or the phenology of ring recoveries from 
seabirds; phenology indicated by the timing of ring recoveries is likely to be biased by the 
fact that recoveries may occur some days, or even weeks, after the death of the bird rather 
than at the exact time of death. For this reason, more weight was given to the phenology 
data in Pennington et al. (2004), Brown and Grice (2005), and Forrester et al. (2007). Data in 
Bird Reports provide accurate and detailed information on the first arrival dates of spring 
migrants, and fairly detailed and accurate data on the last sightings of the year of departing 
autumn migrants, but provide less information on modal migration dates. Data from 
Pennington et al. (2004) were compared with data from Forrester et al. (2007) and Brown 
and Grice (2005) to see whether there was a detectable progressive difference in timing 
between the north and south of the UK. Data from Gibraltar and Belgian migration studies 
reported in www.gonhs.org and Vanermen et al. (2013) were used as context, specifically to 
test whether there were clear differences in phenology between the UK, and regions south of 
the UK. For almost all species, differences in timing between years (Frederiksen et al. 2004, 
2013), and differences reported by different authorities were as great as, or greater than, any 
slight differences in timing between latitudes within the UK, so to avoid excessive 
complexity, summaries of phenology were derived for all UK waters rather than for separate 
regions. 


2.4 Defined seasons  
Seasons were defined for each species as ‘breeding season’ and ‘non-breeding season’ in 
the context of UK breeding. Breeding season was defined as the period from modal return to 
the colony through to modal departure from the colony at the end of breeding, for birds at UK 
colonies. Breeding season was defined as the period between modal return of breeding 
adults to colonies in ‘spring’ to modal departure from colonies at the end of the breeding 
season. Modal date is roughly equivalent to mean or median date, but is used here for 
pragmatic reasons – mean or median dates are difficult to measure and are rarely reported 
in the literature, whereas modal date is frequently reported. Use of first or last dates was 
avoided since extreme cases can be very misleading and atypical, and tend to vary with 
sample size. Non-breeding season was defined as the remaining part of the year. 
 
Post-breeding (autumn) dispersal/migration, and pre-breeding (spring) migration periods 
were also defined, based on the periods during which substantial migration of the species 
occurs through UK waters. Therefore, the migration periods may overlap with the UK 
breeding season and with the non-breeding season, since timing of migrations of birds from 
high latitude regions can differ from that of UK birds. Wherever possible, seasons were 
defined as a set of months rather than in any more precise terms. This reflects the fact that 
for many seabird species phenology can vary by several weeks from year to year, so that 
greater precision is inappropriate. It also acknowledges the fact that survey work is normally 
carried out by calendar month, so that splitting survey data by periods shorter than one 
month can be inconvenient and technically difficult. However, for some species, especially 
long distance migrants such as terns, phenology is highly predictable and occurs within a 
narrow window. In such cases subdivision into fractions of months is appropriate, and has 
been done where necessary.  
 
Spring migration for each species was defined as the months during which migratory 
movements of the species through UK waters towards breeding colonies (whether UK 
colonies or colonies of overseas populations) was clearly evident. Thus, spring migration 
may overlap with either or both of the non-breeding season and breeding season. Autumn 
dispersal/migration for each species was defined as the months during which migratory 
movements of the species through UK waters away from breeding colonies (whether UK 
colonies or colonies of overseas populations) was clearly evident. Thus, autumn 
dispersal/migration may overlap with either or both of the non-breeding season and breeding 
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season. Rationale for choice of months to define in each season is presented in the text for 
each individual species account, and each species’ account is based on the extracted bird 
report phenology data tabulated in Excel, in addition to the broad literature review. 


2.5 Movements of birds from the UK population through UK waters and from 
overseas populations into or through UK waters 
A number of approaches can provide data on seabird migrations, including seawatching 
from coastal sites, recoveries of ringed birds, deployment of geolocators or other tracking 
devices, interpretation of biometrics, genetics, stable isotopes and other markers. The utility 
of these methods is outlined below.  


2.5.1 Seawatching 
Data from seawatching sites provides information on phenology of movements, but relatively 
little information on where birds come from or are going to. However, combined with other 
methods, seawatching data can provide supporting evidence of the seasonal movements of 
seabirds. The Trektellen web site www.trektellen.nl provides data on rates of movement of 
seabirds past UK (and other European) migration sites. Seawatching data are also used by 
Forrester et al. (2007) to assess numbers of seabirds migrating through Scottish waters. 
Seawatching data do not necessarily provide a good measure of numbers of birds as the 
counts one day may, or may not, involve the same individuals seen on a previous day. This 
can give a misleading impression. In general, numbers recorded on spring migration tend to 
be smaller than on autumn migration. While there will be smaller numbers migrating through 
UK waters in spring (in part because there will be many juveniles in the autumn passage but 
few in the spring return passage because most remain in winter quarters for their first 
summer and some do not survive the winter), another likely explanation of this is that 
migration in autumn can be a slow process with birds stopping off to feed at suitable sites on 
their way through UK waters, whereas in spring the adults migrate rapidly back to their 
breeding site because there is potentially competition for nest sites and a bird arriving back 
late may miss out. As a result, counts in autumn on any one day may be larger than in spring 
because birds remain on autumn passage for days or weeks, compared to the rapid flight 
through in spring. Tracking studies provide some support for this impression of more 
leisurely migration progress in autumn than in spring, but do not yet provide an accurate 
quantification of this difference. 


2.5.2 Ringing data 
Much of our understanding of seabird migrations is based on recoveries of ringed (and in 
some cases colour marked) seabirds. Ring recovery data were summarised for each bird 
species occurring in the UK by Wernham et al. (2002). A migration atlas has also been 
published for the Faroes (Hammer et al. 2013). Numerous papers have been published 
describing details of the seasonal movements of particular species of seabirds. Ring 
recovery data have many potential biases. Ringed birds are very unlikely to be recovered in 
the open ocean. Dead seabirds can be carried large distances by currents and can be 
deposited onto beaches far from where they died. Reporting probability can be high in 
countries (such as Greenland) where many seabirds are hunted for food. Recoveries of 
seabirds may be associated with fisheries bycatch or oil pollution incidents. Large numbers 
of seabirds may be ringed at a few colonies but none at other colonies (for example, most 
gannet ringing has been done on the Bass Rock, and for obvious reasons none or very few 
have been ringed at most of the gannet colonies where safe access to nests is impractical). 
Large numbers may be ringed in some countries but not in others. Interpretation of the 
migration routes and wintering areas of seabirds has to be done with great caution, trying to 
take account of these potential biases in data. Fortunately, these biases are well recognised 
and can mostly be taken into account, although the magnitude of the bias may not be easy 
to assess in some cases, especially in relation to the more pelagic seabird species. Ring 
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recovery data have been used as key information in this project to assess movement 
patterns of UK seabirds and to assess origins of seabirds that winter in, or migrate through 
UK waters. The Migration Atlas (Wernham et al. 2002) has been used as the most important 
source of information on this topic for most species of seabird, supplemented by more recent 
publications on seabird migration (which are predominantly single-species studies). Other 
especially useful accounts providing coverage of most species of seabirds include the 
Faroese Migration Atlas (Hammer et al. 2013), and species accounts in the book on 
seabirds in the Barents Sea (Anker-Nilssen et al. 2000). 


2.5.3 Geolocation data loggers and other tracking devices 
In recent years, new technologies have become available that can be used to study seabird 
migrations and wintering areas. In particular, several studies have deployed geolocation data 
loggers on breeding seabirds at various colonies. Geolocation data loggers are very small 
devices that can be attached to a leg ring on a breeding seabird of moderate size. About a 
year later, if the bird can be recaptured, the logger can be removed and data downloaded for 
analysis. These loggers record light intensity, and usually also temperature, on a time base. 
In principle, analysis of location from these data is simple. In the northern hemisphere, 
daylength is longer further north in summer, shorter further north in winter. At any given 
latitude, sunrise occurs earlier further east. Using light intensity data recorded in the logger, 
the location of a bird can be estimated twice each day from the light data (Phillips et al. 
2004). In some situations, temperature data can help with estimating location (Teo et al. 
2004) since the temperature recorded will be sea surface temperature when the bird is 
sitting on the water (which many seabirds always do at night when away from the colony). 
Location estimates are imprecise. The average error is around 180 km (Phillips et al. 2004, 
Teo et al. 2004). But this is adequate to establish the general area in which the bird is 
present. Geolocation does not work at the equinoxes, but this results in the loss of only a few 
weeks of data at those times of year (although those periods may well be during active 
migration by many species). Logger data can also be used to infer behaviour of birds, 
especially amounts of time spent flying, and spent sitting on the water (Mackley et al. 2010). 


2.5.4 Biometrics 
Many seabirds show variation in biometrics between populations. In many cases birds 
breeding further north tend to be larger in size. Biometrics can be used to infer origins of 
those seabirds that show clear and known variation in measurements between populations. 
This has been used very successfully for great northern divers, and to some extent for auks. 
There are probably several species of seabird where biometrics could be informative but 
there has not yet been an assessment of the use of this approach. There are, however, 
some seabirds where biometric variation between populations appears to be too small to be 
useful. There are also difficulties created by post-mortem shrinkage (e.g. Harris 1980), and 
variability in measurements recorded by different researchers, some, but not all, of which are 
due to differences in measurement technique (Barrett et al. 1989).  


2.5.5 Genetics 
There are a few phenotypic features of seabirds that show clinal variation with latitude, and 
so have potential to provide information on the breeding season origins of birds sampled in 
winter. While most Arctic skuas at lowest latitude breeding areas are dark phase birds, the 
proportion of light phase increases northwards and reaches 100% on Arctic tundra. The 
proportion of dark phase fulmars increases with latitude in the North Atlantic. The proportion 
of ‘bridled’ common guillemots increases with latitude. Herring gulls from high latitude 
colonies tend to have more white on the tips of the outer primaries than seen on birds from 
low latitude colonies, and also have darker grey mantle plumage. A number of studies have 
investigated whether molecular genetic markers, such as mtDNA, can be used to identify 
breeding colony or regional origins of seabirds sampled outside the breeding season, but 
these studies have not generally been very successful in identifying specific genetic markers 
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that can be used in this way. However, it seems likely that some suitable genetic markers 
might be identified in future. 


2.5.6 Stable isotopes and other natural markers and pollutant markers 
Stable isotopes of carbon and nitrogen can be measured in feather samples. These ratios 
tend to reflect diet at the time of feather growth, which for juvenile seabirds is at the breeding 
site, whereas for most species of seabirds the moult of adults occurs in the wintering area, 
though there are certain exceptions (Cherel et al. 2006). Leat et al. (2013) recently showed 
that the carbon isotope ratio in feathers of great skuas sampled at breeding colonies is 
indicative of whether individual breeding adults overwintered off west Africa, or off southern 
Europe, or off North America. That study also identified characteristic differences in the 
proportions of different persistent organic pollutants in birds, reflecting which of these three 
regions the individual used as its wintering area. Similar differences have been seen in 
feathers of gannets and lesser black-backed gulls that could be used to identify which 
individual birds had spent the winter off west Africa and which had wintered in European 
waters (the difference in carbon isotope being determined by the upwelling oceanography off 
west Africa which creates a distinct carbon isotopic signature in the food web that is clearly 
different from that found in European shelf seas). The use of isotopes, pollutants and other 
markers (such as heavy metals in feathers) as tracers of the origins of individual seabirds 
almost certainly has the potential to be developed in future, but has not yet been 
investigated in enough detail to be used to assess existing data except in a very few cases. 


2.6 Numbers in UK waters 
At sea surveys include the European Seabirds at Sea (ESAS) database which holds 
information on numbers of seabirds at sea counted using standardized methodology (Tasker 
et al. 1987). These data can be used to estimate seabird densities at sea in different months 
and locations and hence can provide evidence of seasonal changes in distribution (Tasker et 
al. 1985). ESAS data primarily relate to the North Sea and data are predominantly from the 
1980s with fewer surveys in recent years, but ESAS methods have also been used in marine 
areas west and south of the UK and to some extent in years from the 1990s to the present. 
The ESAS data have been used to identify areas that may qualify as Special Protection 
Areas for seabirds on the basis of high densities of key species at particular times of year 
(Kober et al. 2010, 2012). However, Kober et al. (2010) were cautious about interpreting the 
absolute magnitude of density estimates from the ESAS data and chose to make corrections 
to absolute numbers of some species in order to make them match to ICES published data 
on numbers of seabirds in European waters. Some of the ‘rescaling’ factors quoted by Kober 
et al. (2010) were large. The accuracy of these ‘rescaling’ factors is rather uncertain, but 
suggests that the ESAS data provide only indications of relative abundance in different areas 
rather than meaningful measures of absolute abundance of seabirds at sea. WWT 
Consulting (2013) combined the ESAS data together with WWT aerial survey data to 
describe seabird distributions within English territorial waters. That exercise makes use of 
more recent survey data and allows aerial survey data to be included as well as boat-based 
survey data. That work also indicated significant discrepancies between data sets from aerial 
and from boat-based surveys (WWT Consulting 2013). However, the data were adequate to 
map seabird relative density across large areas of UK waters, and the methodology has 
recently been presented in Bradbury et al. (2014), and this represents the best available 
dataset for assessment of seabird distribution and relative abundance in UK waters during 
the non-breeding season. However, recognising the uncertainty about absolute numbers 
estimated from ESAS data and the somewhat out of date nature of that database, in this 
report, estimates of seabird density and distribution from ESAS and publications based on 
that database have been used primarily to provide a sense check on numbers considered to 
be in UK waters based on knowledge of population sizes and migration behaviour, rather 
than as a tool to define BDMPS totals. 
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2.7 Biogeographic populations 
Starting from the Biogeographic population defined by Stroud et al. (2001) each species 
specific appropriate Biogeographic population was refined by considering only those 
populations with connectivity to UK waters at some time of year based on ringing and 
tracking data and the most recently available data on population sizes in the relevant 
countries (the latter primarily from Mitchell et al. 2004 but taking account of more recent 
publications where available – see individual species accounts for details). Estimates of 
breeding numbers in the UK were taken from Mitchell et al. (2004) as the most recent 
comprehensive surveys of most species, updated if possible by more recent survey data 
(such as national gannet surveys, skua surveys in Orkney), and data presented by SNH 
(Foster and Marrs 2012) or JNCC online seabird database. Amongst other sources, 
numbers were taken from the review by Lewis et al. (2012) but these data need to be treated 
with caution as SNH have found that numbers in that report are sometimes based on 
incorrect boundaries and population estimates. Numbers can be expressed in terms of the 
normal census unit (breeding pairs or equivalent such as (Apparently Occupied Territories 
(AOTs) or Apparently Occupied Nests (AONs)), or as the total population including numbers 
of immatures associated with a breeding population of the estimated size (based on the ratio 
of immatures to breeding adults estimated from the simple population model).  
 
For those species where possible, data from the JNCC seabird population monitoring 
database were used to graph the breeding population trend from 1986 to 2012 in monitored 
UK colonies. As default, a linear trend line was fitted to these data, but where a non-linear 
trend provided a significantly better fit to the empirical data, a non-linear trend is presented, 
with the equation of the trend line and the amount of variance explained by the trend also 
presented on the graph. These trend lines have not been used to adjust count data for 
individual populations to bring it up to date, although such extrapolations would be possible if 
felt desirable in specific cases. The objective of presenting trends (which are shown for 
regions of the UK when the data allow and trends show different patterns in different 
regions) is to provide context that may be useful in the interpretation of BDMPS data and the 
understanding of how UK seabird populations may be changing in breeding numbers. 


2.8 Proportion of UK population from UK breeding SPAs  
The proportion of the UK population of each species that represents birds from UK SPAs 
with that species as a feature (including all those listed in JNCC 2014) was estimated by 
reviewing literature to obtain the most up to date available count of breeding numbers of 
each species at each SPA. JNCC (2014) provides an estimate of the proportion of the 
breeding population that is in SPA breeding sites, focused on the time period around 2000-
2005 (since many colonies, especially non-SPA colonies, have not been counted since 
Seabird2000). However, for many SPAs, data are available for years since 2005. In many 
cases, the most up to date data were found on the JNCC Seabird Colony Monitoring web 
site database http://jncc.defra.gov.uk/smp/. Where there was evidently more recent data 
available for a site but those data were not entered into the SCM database, requests were 
made to access those data. For example, red-throated diver breeding numbers are not 
included in the SCM database but the SNH Sitelink web page indicated that Site Condition 
Monitoring data existed for some sites that were not available in published literature, and 
these were obtained from SNH staff. David Stroud at JNCC kindly provided access to the 
forthcoming JNCC SPA 2014 review to check that most recent survey data presented in this 
report match those used in the JNCC SPA 2014 review (JNCC 2014). That review also 
provides an estimate of the proportion of birds breeding in UK SPAs during the period 
around 2005. Where there have been no recent surveys of seabird numbers at particular 
SPAs, national, or where available regional, breeding population trends were obtained from 
the JNCC Seabird Numbers and Productivity database http://jncc.defra.gov.uk/page-1550. 
These trend data could be used to extrapolate numbers from the historical data to the 
present based on the estimated population trend at regularly monitored colonies; this 
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approach could be used for individual SPA sites where recent count data are not available, 
and could be used for national/regional numbers. There are potential difficulties using data 
from a subset of sites to extrapolate either for individual SPA sites or regional population 
size, since the set of monitored sites may not be representative of an individual site or of the 
entire population. This approach may only be required for a small number of cases, as many 
populations have been surveyed regularly so up to date data are available. For example, 
almost all tern colonies are monitored annually. In a very few cases (for example for great 
skua), trend data were not available from the JNCC monitoring programme. In such cases a 
trend could be estimated from available data from other SPA populations of that species. 
Where relevant, such issues are detailed in individual species accounts. However, to provide 
transparency in this report, the most recent counts are used for each population (and are 
listed in detail) so that subsequent work could make use of these counts (updating them or 
applying trend data to refine estimates as felt appropriate). However, in this report the use of 
trend data to correct population estimates has generally been avoided because it is often 
uncertain which trend would be appropriate to use, and there is evidence that trends at 
individual colonies often do not follow national or regional trends. So applying corrections to 
update old survey data is tempting, but the temptation has been resisted in order to present 
best available data rather than adjusted data.  
 
Therefore, numbers presented in Appendix A Tables 1 to 69 are the most recent available 
counts for each colony or national population. The key exception to this rule is the estimate 
of numbers of pairs at non-SPA colonies in the UK where census data are generally not 
available since Seabird2000. In that case, for a few species where large changes in 
numbers are known to have occurred, the total in non-SPA colonies has been estimated to a 
value that approximately retains the proportion breeding in SPA populations at the value 
defined by the JNCC 2014 SPA review (JNCC 2014), and is consistent with the national or 
regional trend in breeding numbers reported by Foster and Marrs (2012) and the JNCC 
Seabird Monitoring Programme. Where this correction has been applied it is clearly indicated 
as a footnote to the tables in Appendix A.  
 
Adjustment of old SPA count data allowing for trends would alter the estimated BDMPS 
slightly, but in practice there are few seabird SPA populations in the UK that have not been 
counted since Seabird2000, and trend adjustment would make only rather small differences 
to BDMPS totals relative to the influence of other factors such as estimation of the 
proportions of overseas populations entering UK waters or the sizes of overseas 
populations. There may be a case for employing trend adjustments of old count data where 
HRA is assessing impacts on specific SPA populations where data are old, but for EIA and 
for HRA where the colony is not the focal colony in an assessment, correction of old data is 
probably undesirable in most cases.  


2.9 Appropriate BDMPS populations 
Where the proportion of each population that occurs in UK waters is known, the 
Biogeographic population estimate can be narrowed to the numbers occurring within defined 
UK waters, creating Biologically Defined Minimum Population Sizes (BDMPS). The BDMPS 
spatial area is from the UK coast to the edge of UK territorial waters, bounded by defined 
lines running from selected points on the coast to the UK waters limit. The justification for 
having more than one BDMPS in UK waters is that there may be good evidence that the 
overall number of birds or the population origins of a particular species differ between areas. 
In that case estimating the impact that might be attributed to a particular SPA population 
whose birds occur within a development area depends upon identifying and using in 
apportionment the estimate of the appropriate number of birds which may be represented at 
a particular time of year in that sea area. Using different figures in different parts of UK 
waters is justified only if the overall suite of birds passing through the area is known to be 
different to that in another area. Thus, for example, red-throated divers in the southwestern 
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North Sea originate predominantly from continental European populations with only a small 
minority of birds from UK populations, whereas red-throated divers in the northwestern North 
Sea originate predominantly from UK populations, with only a minority of birds coming from 
overseas populations. These areas are therefore more appropriately considered as separate 
BDMPS. 
 
Where the BDMPS is over an inconveniently large area, and especially where it is known 
that birds from specific colonies tend to remain within only a part of the BDMPS, it may be 
possible to define geographical reference regions that are convenient but not necessarily 
distinct in terms of the biogeographic populations present. That approach may be necessary 
for a few species, where populations are not very mobile but are distributed in overlapping 
areas across a much larger spatial scale. An example of this is common guillemot, where 
there are numerous SPA populations distributed from northern Shetland to the southern 
North Sea in a continuum, yet birds from particular SPA colonies are not distributed over the 
whole region but tend to remain nearer to their colony. It is therefore difficult to establish 
BDMPS boundaries within the whole region, but an assessment of impact needs to consider 
the localised movements of birds from particular colonies. In these cases, it may be 
necessary for HRA assessment to consider only the part of the BDMPS which would have 
connectivity with any particular development site rather than the entire BDMPS (so defining 
a specific ‘reference region’ that would be project-specific). The proportions of birds of a 
particular species present in each BDMPS or reference region can be estimated from 
information in the literature on seabird numbers and distribution, and from the evidence on 
the migrations of birds from defined populations. The allocation of numbers of seabirds from 
overseas populations migrating through, or wintering in different regions is rather uncertain 
for most seabird species, and in almost all species is much less well known than for UK 
populations. In a few cases, there are clear distribution patterns and well defined numbers of 
birds, but in most cases the numbers in different regions are not well defined, and movement 
patterns of immature birds are not known except in a very general way. This represents a 
major constraint on assessing the proportions of birds in UK waters from different overseas 
populations. Although numbers are often uncertain, calculations need to be made using best 
available data and explicit assumptions. Therefore the computations involved in establishing 
BDMPS totals are presented in Appendix A Tables 1 to 69. It is assumed that these working 
tables can be updated as new information becomes available to make estimates of BDMPS 
and the contributions of individual SPA populations to these BDMPS more up to date and 
more accurate. It has to be recognised however, that while numbers can be added together 
to achieve a total for the BDMPS, there is much uncertainty about the values being summed, 
and that the resulting BDMPS has a large, but also uncertain, confidence interval. For this 
reason, BDMPS estimates in the report are colour coded green, amber or red, according to 
the uncertainty, with a narrative explanation of the colour coding given below the summary 
table at the start of each species account. For estimates that are coded green, the numbers 
are likely to be no more than 30% less or 50% more than the estimate presented. For 
estimates that are coded amber the numbers are likely to be no more than 50% less or 80% 
more than the estimate presented. For estimates coded red the numbers might be more than 
50% less or 80% more than the estimate presented. While these ranges are expert 
judgement based on the literature reviewed in this project, it is impossible to measure the 
uncertainty and so no confidence limits can be quantified. Therefore, the colour coding itself 
can only be considered indicative based on available knowledge, and should not be used to 
estimate confidence limits for BDMPS population estimates. 
 
For some seabirds, such as Arctic skuas, terns and Manx shearwaters, there is no need to 
derive winter BDMPS on the grounds that to all intents and purposes these species are 
absent from UK waters at that time of year. 
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2.10 Proportions of birds from UK SPA populations in each BDMPS 
Using the best available data of numbers of birds in UK SPA populations and taking account 
of associated numbers of immature birds, numbers in non-SPA colonies and numbers from 
overseas populations, once the size of a BDMPS population has been estimated, it is 
possible to estimate the proportion of those birds in the BDMPS originating from each 
individual UK SPA population, as required for HRA. This estimate will be very imprecise 
where details of population sizes or migratory movements are not well known, which 
unfortunately is the case for many seabird species.  


2.11 Spatial distribution of UK breeding SPA birds across the BDMPS 
For most seabirds, SPAs have been selected to give a good geographical representation of 
the species’ protected breeding sites within the UK, so that the distribution of SPAs reflects 
the distribution of the population as a whole. This is particularly the case where the SPA 
populations sum to a high proportion of the total population. For relatively few seabird 
species, the distribution of SPA populations may not closely reflect the overall distribution 
pattern. Where this might be the case the distribution of SPA populations is assessed in 
relation to the overall distribution of the breeding population. 


2.12 Presentation of BDMPS data in this report 
Each of the species accounts that follows in this report starts with presentation of summary 
data outlining:  


a) The biogeographic population with connectivity to UK waters (total number of birds 
including adults and immatures) and the contribution from UK and from overseas 
populations; 


b) The number of birds (adults and immatures) in the whole of UK territorial waters 
within each distinct seasonal period relevant for that species and the contribution 
from UK and from overseas populations; 


c) The number of birds (adults and immatures) in each separate BDMPS defined for 
that species in each distinct seasonal period relevant for that species and the 
contribution from UK and from overseas populations. 


 
This hierarchical approach provides the opportunity to consider the relevant population scale 
for EIA, from biogeographic to BDMPS. It seems likely that the BDMPS population would be 
the most appropriate scale for use in EIA assessment in most cases, though the greater 
confidence in numbers at higher levels in the hierarchy could provide grounds for 
considering use of a higher level population scale in some cases. 
 
Each of these totals is colour coded using the traffic light system, with reasons for the colour 
coding outlined in text below the summary table. For estimates that are coded green, the 
numbers are likely to be no more than 30% less or 50% more than the estimate presented. 
For estimates that are coded amber the numbers are likely to be no more than 50% less or 
80% more than the estimate presented. For estimates coded red the numbers might be 
more than 50% less or 80% more than the estimate presented. The data on which these 
totals are based is presented in detailed tables (Appendix A Tables 1 to 69) which give the 
most recent count of each SPA population size, non-SPA population or overseas population 
(breeding pairs) on which the BDMPS numbers are based, the computed total number of 
adults, the corresponding total number of immatures, and the proportion of each population 
estimated to be present in each BDMPS and the resulting total number of individuals (adults, 
immatures and all ages). These data tables are likely to be used in assessments 
apportioning impacts of developments on particular populations for EIA and especially for 
HRA assessments. The data could be updated in each table as new data become available, 
and updates could include not only updating of population counts but also updating of 
proportions present in the BDMPS as new information on migrations becomes available. 
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Numbers in the BDMPS population estimate are given to the nearest individual bird because 
those totals are the sum of calculations presented in Appendix A Tables 1 to 69. However, 
the presentation of those totals to the nearest bird does not indicate high accuracy and 
comments on uncertainty in the BDMPS estimates should be considered with care. 
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3. RED-THROATED DIVER Gavia stellata 
 Biogeographic 


population with 
connectivity to 
UK waters 
(adults and 
immatures) 


Numbers in UK 
waters in winter 
(December-
January) (adults 
and immatures) 


Numbers in UK 
waters in migration 
seasons 
(September-
November and 
February-April) 
(adults and 
immatures) 


Overseas 22,600 12,079 13,375 


UK 4,400 3,292 4,275 


Total 27,000 15,371 17,650 


 


Winter BDMPS (December-
January) 


Total number of 
birds in BDMPS 
(adults plus 
immatures) 


Number from 
overseas 
populations 
(adults plus 
immatures) 


Number from UK 
population 
(adults plus 
immatures) 


NW North Sea 1,523 365 1,158 


West of Scotland 861 195 666 


SW North Sea 10,177 9,398 779 


NW England & Wales 1,657 1,271 386 


SW England & Channel 1,153 850 303 


Migration BDMPS 
(September-November and 
February-April) 


   


UK North Sea 13,277 10,623 2,654 


UK Western waters plus 
Channel 


4,373 2,752 1,621 


 
Colour coding is green for UK numbers and totals because UK breeding numbers have been 
counted several times in recent decades and are considered to be well known and 
moderately stable, while wintering numbers off UK coasts have also been surveyed and 
because red-throated divers tend to occur relatively close to shore their numbers are easier 
to survey at sea than for species dispersed over larger areas. Numbers from overseas 
populations are less certain (classified amber except for SW North Sea) but since totals at 
sea are moderately well known and breeding numbers are well known, numbers from 
overseas can be assessed against those numbers. Numbers from overseas in the SW North 
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Sea are thought to be rather well known based on surveys of coastal waters in the southern 
North Sea which indicate large totals in a region where relatively few UK adults overwinter, 
and so it can be inferred (supported by ring recovery data) that those birds are 
predominantly from the Fennoscandian population.  


Colour coding is amber for migration numbers, as the numbers and distribution during 
migration are less well known than for mid-winter, and the migration routes used are only 
broadly known from the relatively limited ring recovery data for this species. However, colour 
coding is amber rather than red because population sizes and breeding distributions are well 
known and largely stable, and the available evidence indicates consistent numbers and 
migrations from year to year with evidence for birds consistently returning to the same sites 
by the same routes in successive years, but for immature birds to migrate further south than 
adults. 


Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 1 to 7.  


3.1 Breeding range and taxa 
This circumpolar species is monotypic, with Scotland at the southern edge of its breeding 
range. There appears to be little information about use of biometrics to identify origins of 
individuals.  


3.2 Non-breeding component of the population 
Red-throated divers start to breed when 3 years old (BTO Birdfacts). Adult survival rate is 
0.84 (BTO Birdfacts), juvenile survival estimated at 0.61 (BTO Birdfacts) and mean 
productivity is 0.635 chicks per pair (JNCC database, n=136 measurements). To obtain a 
stable population, survival of immatures was adjusted to 0.72 for juveniles, 0.84 for older age 
classes. The model population comprised 60% adults, 19% juveniles, 11% 1-year olds, and 
10% 2-year olds. There are 0.74 immatures per adult. 


3.3 Phenology 
Red-throated diver breeding season ends by September-October (Forrester et al. 2007), or 
the end of September (Pennington et al. 2004), but most birds have left their breeding sites 
by August-September (Forrester et al. 2007) or mid-August (Pennington et al. 2004). 
Autumn migration starts in August (Wernham et al. 2002; Pennington et al. 2004; Forrester 
et al. 2007) or mid-August (Cramp et al. 1977-94). Peak autumn migration occurs in 
September in Shetland (Pennington et al. 2004), September-October in the UK (Wernham et 
al. 2002; Forrester et al. 2007), September-November in English waters (Brown and Grice 
2005), or October-November in Belgium (Vanermen et al. 2013) or throughout Europe 
(Cramp et al. 1977-94). Peak rate of change in numbers observed in autumn at Trektellen 
seawatching UK sites (predominantly in south and east England) occurred in September-
December (Figure 3.1). Autumn migration is completed by November (Pennington et al. 
2004; Forrester et al. 2007) or mid-December (Cramp et al. 1977-94). Spring migration starts 
in February (Pennington et al. 2004; Forrester et al. 2007) or early March (Cramp et al. 
1977-94) or March (Wernham et al. 2002). Peak spring migration occurs in February-April in 
Belgium (Vanermen et al. 2013), in late February and early March in English waters (Brown 
and Grice 2005), in April (Cramp et al. 1977-94), or in April-May (Wernham et al. 2002; 
Pennington et al. 2004; Forrester et al. 2007). Peak rate of change in numbers observed in 
spring at Trektellen seawatching UK sites (predominantly in south and east England) 
occurred in February-March (Figure 3.1). Spring migration is completed by June (Wernham 
et al. 2002; Pennington et al. 2004; Forrester et al. 2007) or mid-June (Cramp et al. 1977-
94). The first spring records of red-throated diver in Shetland, Fair Isle, Orkney, and Argyll 
Bird Reports for 2007 to 2012 were predominantly from 1 January and the last records were 
predominantly at 31 December, as large numbers of red-throated divers overwinter, while 
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peak autumn migration was reported in September or October in most years, and peak 
spring migration was reported in March, April or May in most years. Birds reoccupy nest 
sites from as early as February, but most return to breeding sites in the UK in mid-March 
(Pennington et al. 2004; Forrester et al. 2007). Orkney and Shetland Bird Reports indicate 
modal return to nest sites in February (4 cases), and March (5 cases). 
  


 
Figure 3.1. Average numbers of red-throated divers counted per hour at migration sites in 
the UK (which are mostly in south or east England). Data from Trektellen database accessed 
from the internet in January 2014. 


3.4 Defined seasons 
• UK Breeding season      March-August 


o Migration-free breeding season  May-August 
• Non-breeding season  


o Post-breeding migration in UK waters  September-November 
(migration BDMPS1) 


o Migration-free winter season  December-January (winter 
BDMPS) 


o Return migration through UK waters  February-April (migration 
BDMPS) 


Apart from the breeding season, two seasonal BDMPS periods are considered to be 
appropriate for red-throated diver: 


Migration seasons BDMPS (September-November and February-April); and 


Winter BDMPS (December-January). 


3.5 Movements of birds from the UK population 
Red-throated divers breed at freshwater pools close to the coast, but feed in the sea on 
small fish, and winter inshore on sheltered coasts. The young make their first flight to the sea 
attended by their parents and then move away from the breeding areas within a few days 
(Wernham et al. 2002). Scandinavian birds winter in the southern North Sea and southwards 


1 Seasons for which BDMPS have been generated are annotated (BDMPS). 
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to central France (Eriksson 2000). The Scottish population (of about 1,255 pairs; Gibbons et 
al. 1997; Dillon et al. 2009) travels shorter distances to winter than more northerly birds 
(Wernham et al. 2002). Recoveries of birds ringed in Orkney and Shetland show a southerly 
movement in autumn. Juveniles move furthest, reaching as far south as northwest France 
(Okill 1994). Adults from Shetland mostly overwinter along Scottish coasts, with some 
remaining in Shetland (Okill 1994; Wernham et al. 2002). One quarter of one-year olds 
return to natal areas in their first summer while three quarters remain in wintering areas 
(Okill 1994). Among two year olds, two-thirds return to natal areas in summer but about one-
third remain along northern Scottish coasts, whereas by their third summer all birds return in 
summer to their breeding area (Wernham et al. 2002).  


3.6 Movements of birds from overseas into UK waters 
Foreign-ringed birds found in Britain in winter originated from Greenland (3), Finland (4), and 
Sweden (3) (Wernham et al. 2002). Most were recovered in south-east England (in contrast 
to most Scottish birds being recovered on Scottish or Irish coasts) (compare Figures 4 and 5 
in the chapter on red-throated diver in Wernham et al. 2002). There is no evidence to 
suggest that red-throated divers from the Russian population (which winters in the Baltic 
Sea) ever reach the UK (Wernham et al. 2002). No red-throated divers ringed in Iceland 
(where there are about 1,500 breeding pairs; Hagemeijer and Blair 1997) have been 
recovered in Britain or Ireland (Wernham et al. 2002), but one Icelandic bird was recovered 
in the Faroes in its first winter (Hammer et al. 2013). This suggests that Icelandic red-
throated divers probably mostly remain in Icelandic waters throughout the year, a suggestion 
supported by recent geolocator deployments on red-throated divers breeding in Iceland (Ib 
Krag Petersen pers. comm.). That would make red-throated diver an example of ‘leap-frog 
migration’ with birds from the Greenland population migrating past the relatively sedentary 
populations of Iceland, Faroes and Scotland. Winter populations in Scottish waters seem 
most likely to be predominantly birds from the Scottish population (and especially adults from 
that population), with a minority coming from Greenland (where there are about 1,000 pairs; 
Wetlands International 2006) and Fennoscandia (where there are about 5,500 pairs; 
Hagemeijer and Blair 1997), and possibly a few from Iceland. Birds wintering in English 
waters apparently include birds from Scotland (with a high proportion of those being 
juveniles and immatures rather than adults), Greenland, and Fennoscandia, possibly 
including small numbers from Iceland. There are only 25 pairs breeding in the Faroes 
(Hammer et al. 2013) so that population is very small and may well remain in Faroese 
waters or migrate to Scottish waters, but no birds have been ringed there.  


3.7 Numbers in UK waters 
O’Brien et al. (2008) estimated that 17,000 red-throated divers overwinter in Great Britain, 
updating previous estimates from Lack (1986) and Batten et al. (1990) that were 
underestimates due to lack of knowledge of numbers in the Outer Thames in particular. Of 
these, just over 10,000 winter between Flamborough Head and Dungeness. In Scottish 
territorial waters, there were 2,270 in winter, mostly inshore and with larger numbers on the 
east coast than on the west coast. The UK summer population is estimated to total 4,146 
birds (Dillon et al. 2009), and most of these overwinter in British waters (Okill 1994), with 
adults predominantly in Scottish waters and immatures often further south. This suggests 
that most of the red-throated divers wintering in Scottish waters are likely to be from the UK 
population if the estimated numbers present in winter are moderately accurate. In contrast, 
the much larger numbers overwintering off south-east England could only be explained by 
presence of large numbers from overseas populations. Given evidence from ring recoveries, 
these appear to be predominantly birds from Fennoscandia, plus substantial numbers from 
Greenland. Based on population size it seems likely that no more than about 2,000 of these 
birds in English waters originate from Scottish breeding areas, whereas about 12,000 are 
probably from Fennoscandia and Greenland. About 48,000 red-throated divers winter in the 
area from the Kattegat to the River Elbe, about 43,000 in the Baltic Sea (Danielsen et al. 
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1993; Brown and Grice 2005). In English waters, wintering red-throated divers are scarce off 
SW England, uncommon off the south coast, present in large numbers off NW England, but 
in highest numbers off E England (Brown and Grice 2005). 


3.8 Biogeographic population 
Stroud et al. (2001) defined the biogeographic breeding population as that of Europe, 
comprising 7,158 pairs, and the biogeographic winter population of Europe as 75,000 
individuals (based on data in Rose and Scott 1997), but updated to an estimate of 100,000 
to 1,000,000 by Delaney and Scott 2002 (see also Musgrove et al. 2011). Red-throated 
divers in UK waters originate almost entirely from UK, Fennoscandia or Greenland, so 
populations outside those areas can be discounted as not occurring in UK waters (e.g. 
Iceland, Russia), or too small to be relevant (e.g. Faroe), or both. Thus a limited 
biogeographic population could be defined as birds from UK (1,255 pairs), Greenland (1,000 
pairs), and Fennoscandia (5,500 pairs), a total of 7,755 pairs. This is equivalent to a total of 
15,500 breeding adults and an associated 11,500 immatures, so a total of 27,000 birds. 
BirdLife International (2004) suggests a population of 5,000 to 30,000 pairs in Greenland, 
but this number, which is not supported by any original reference, seems highly unlikely 
given that previous estimates for Greenland were all around 1,000 pairs. 
 


 
Figure 3.2. Breeding population origins of red-throated divers in UK waters during migrations 
and winter. Estimated numbers of breeding pairs in each population are given. Base map 
from OpenStreetMap  ©OpenStreetMap contributors. 
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Figure 3.3. Main movements of red-throated divers from UK breeding areas (red arrows) and 
from overseas populations (blue arrows) into UK waters during post-breeding 
dispersal/migration. Arrows imply general patterns of movement and should not be taken 
literally as indicating exact routes or exact starting and end points. Similarly, small numbers 
of birds occur in areas not marked by arrows and some birds may move in different 
directions from those broad patterns indicated. Movements probably tend to follow coastlines 
and arrows that cross land do not imply overland migration routes. As far as is known, spring 
return migration represents a reversal of the pattern shown in this figure. Counts of numbers 
of red-throated divers in winter in different areas around the UK are thought to be moderately 
accurate (although this represents a change from the past as large numbers have been 
‘discovered’ in recent years in some areas). Those counts, combined with knowledge of 
movements from ringing studies, give moderate confidence in the fact that relatively few 
birds from overseas winter in Scottish waters, and that most birds wintering in English waters 
of the southern North Sea originate from Fennoscandia. 


3.9 Proportion of UK population from UK breeding SPAs 
The 10 SPAs with breeding red-throated divers as a feature together held 395 pairs at 
designation, estimated to represent 31% of the UK breeding population of 1,255 pairs 
(Stroud et al. 2001). Breeding numbers at UK SPAs appear to have generally remained 
stable (Table 3.1). Breeding numbers in the UK in total also appear to have remained 
approximately stable over recent decades or increased slightly (Gibbons et al. 1997; Stone 
et al. 1997; BirdLife International 2004; Baker et al. 2006; Forrester et al. 2007; O’Brien et al. 
2008; Musgrove et al. 2013). UK SPAs with red-throated diver as a breeding feature are 
distributed predominantly in Shetland, Orkney, Caithness, and the western islands of 
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Scotland (Western Isles and Inner Hebrides) (Figure 3.4). Seven of the SPA populations lie 
within the NW North Sea region, and three lie in the West of Scotland region (Table 3.1). 
The SPA populations in the NW North Sea region held a total of 237 pairs in the most recent 
census at each SPA (Table 3.1). The SPA populations in the West of Scotland region held a 
total of 108 pairs in the most recent census at each SPA (Table 3.1). It is therefore likely that 
SPA populations now represent about 27% of the UK Breeding population based on these 
data. Stroud et al. (2014) estimated that SPA populations represented 30.5% of the GB 
population in 2006.  
 


 


Figure 3.4. Locations of the 10 UK SPAs with red-throated diver as a breeding feature. 
These SPA populations are listed in Table 3.1. From Stroud et al. 1990. 
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Table 3.1. The UK SPA suite for breeding red-throated diver. 
SPA Location Pairs Year 


desig-
nated 


Site 
condition 
monitoring* 


Latest 
counts 
(pairs) 


Year Reference 


NW North Sea 
Hermaness, 
Saxavord & 
Valla  


Shetland 
NE 


28 
(1994-
1996) 


1994 Declined 
2013 


16 2013 SNH (Bob Bryson 
in litt.) 


Otterswick 
and 
Graveland 


Shetland 
NE 


27 
(1992-
1996) 


2001 Maintained 
2006 


>25 2006 SNH (Bob Bryson 
in litt.) 


Ronas Hill 
North Roe 
Tingon 


Shetland 
NE 


50 
(1994) 


1997 Maintained 
2006 


50 2006 SNH (Bob Bryson 
in litt.) 


Foula Shetland 
NE 


11 
(1994) 


1995 Maintained 
2013 


10 
12 


2012 
2013 


Gear 2012 
Gear 2013 


Orkney 
Mainland 
Moors 


Orkney 
NE 


15 
(1994-
1996) 


2000 Maintained 
2007 


>28 2007 SNH (Bob Bryson 
in litt.) 


Hoy Orkney 
NE 


56 
(1994) 


2000 Maintained 
2007 


60 2007 SNH (Bob Bryson 
in litt.) 


Caithness & 
Sutherland 
Peatlands 


N 
Scotland 
NE 


89 
(1993-
1994) 


1999 Maintained 
2006 


46 2006 Stroud et al. 2014 


West of Scotland 
Lewis 
Peatlands 


Western 
Isles 
NW 


60 
(mid-
1990s) 


2000 Declined 
2004 


80 2006 Stroud et al. 2014 


Mointeach 
Scadabhaigh 


Western 
Isles 
NW 


48 
(1994) 


1999 Maintained 
2004 


33-35 
 
 
17 


2004 
 
 
2006 


SNH (Bob Bryson 
in litt.) 
Stroud et al. 2014 


Rum Inner 
Hebrides 
NW 


11 
(1992-
1996) 


1982 Maintained 
2007 


11 2013 SNH (Bob Bryson 
in litt.) 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 


3.10 BDMPS 
There are thought to be about 15,300 birds in UK waters in winter, with most birds from the 
UK population included (about 3,300 birds, allowing for small numbers of immatures 
wintering further south), and about 12,000 birds from the overseas populations. During 
migration, there will be marginally larger numbers passing through UK waters as some birds 
winter further south in Europe; during migration around 17,300 birds, about 4,300 from the 
UK and about 13,000 from overseas populations.  
 
It makes biological sense to consider Scottish North Sea waters separately from English 
North Sea waters, since it seems that most birds wintering in Scottish North Sea waters are 
from the UK population, whereas most birds wintering in English North Sea waters are from 
Fennoscandia. It also makes sense to separate the populations to the west and east of 
mainland UK. Most red-throated divers from SPA populations in the Western Isles and Inner 
Hebrides winter to the west of the UK mainland, whereas probably most of those from SPA 
populations in the NW North Sea winter in the North Sea. Red-throated divers wintering off 
NW England may be a mixture of birds from UK populations and from Greenland. Only small 
numbers winter in the English Channel and SW England, but probably include a mixture of 
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mainly immatures from the UK population and birds from Greenland and Fennoscandia. 
Therefore, proposed BDMPS regions are as shown in Figure 3.5. 
 


 
Figure 3.5. Five defined BDMPS spatial areas for red-throated divers in UK waters in winter. 
Limits of UK waters are shown by red line. BDMPS spatial areas extend from the UK coast 
to the red limit, bounded by the thick black lines marking the sides of each BDMPS area. 
The five BDMPS are ‘NW North Sea’, ‘SW North Sea’, West of Scotland’, NW England & 
Wales’ and ‘SW and Channel’. For migration seasons there are two BDMPS, ‘North Sea’ 
(NW and SW North Sea combined) and ‘Western waters plus Channel’ (West of Scotland, 
NW England & Wales, and SW & Channel areas combined). 
 
It is estimated that about 50% of adults from breeding areas in the northern isles and North 
Sea coast of Scotland winter in the NW North Sea whereas only a very few (perhaps 5%) of 
those from western UK breeding areas winter in the NW North Sea (based on literature 
reviewed in section 3.5). Very few birds from Greenland or Fennoscandia have been 
recovered in the NW North Sea (section 3.6) but it seems likely that some birds from 
Greenland will stop in the NW North Sea rather than continuing to the SW North Sea so the 
proportions wintering in this area are estimated at 5% and 1% respectively. There is 
apparently very little movement of adults from western breeding areas to winter in the NW 
North Sea (section 3.5), so this proportion is estimated at 5%. The same percentages are 
applied for immature birds from western UK, Greenland and Fennoscandia as for adults. 
There is evidence for birds from the northern isles that many immatures winter further south 
so the proportion of those in the NW North Sea in winter is estimated at 20% with most 
moving further south. These combinations of proportions result in an estimated winter 
BDMPS in NW North Sea of 1,523 birds, a number that is consistent with the counts of red-
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throated divers wintering in NW North Sea (Section 3.7). Details of apportioning and 
estimated numbers are in Appendix A Table 1.  
 
It is estimated that about 20% of adults from breeding areas in the northern isles and North 
Sea coast of Scotland winter in the SW North Sea whereas only a very few (perhaps 5%) of 
those from western UK breeding areas winter in the SW North Sea (based on literature 
reviewed in section 3.5). Ringed birds from Greenland and Fennoscandia have been 
recovered in the SW North Sea (section 3.6) and the numbers in that area in winter require a 
substantial movement of birds from those populations to winter there. Based on the 
observation that divers are likely to avoid migrating overland, it seems likely that birds from 
Greenland make up a higher proportion of the overseas birds wintering in UK western waters 
and that most overseas birds in North Sea waters originate from Fennoscandia rather than 
Greenland, so the proportions wintering in this area are estimated at 2% and 40% 
respectively. Similarly, there is apparently very little movement of adults from western 
breeding areas to winter in the SW North Sea (section 3.5), so this proportion is estimated at 
5%. The same percentages are applied for immature birds from western UK. For 
Fennoscandia it is estimated that 60% of immatures winter in the SW North Sea because it 
is generally the case that immature red-throated divers winter further south than adults. For 
Greenland it is estimated that 5% of immatures winter in the SW North Sea because it is 
generally the case that immature red-throated divers winter further south than adults. There 
is evidence for birds from the northern isles that many immatures winter further south so the 
proportion of those in the SW North Sea in winter is estimated at 30% for immatures 
compared to 20% for adults. These combinations of proportions result in an estimated winter 
BDMPS in SW North Sea of 10,177 birds, a number that is consistent with the counts of red-
throated divers wintering in SW North Sea (Section 3.7). Details of apportioning and 
estimated numbers are in Appendix A Table 2.  
 
It is estimated that about 5% of adults from breeding areas in the northern isles and North 
Sea coast of Scotland winter in West of Scotland waters whereas 40% of adults from 
western UK breeding areas winter in West of Scotland waters (based on literature reviewed 
in section 3.5). There is evidence for birds from the northern isles that many immatures 
winter further from the breeding area so the proportion of those in West of Scotland waters in 
winter is estimated at 20% for immatures compared to 40% for adults for birds from western 
populations. Immatures from North Sea UK populations are likely to be more represented in 
west of Scotland waters than adults, so the proportion is estimated at 10% for immatures 
compared to 5% for adults. Based on the observation that divers are likely to avoid migrating 
overland, it seems likely that birds from Greenland make up a small proportion of the 
overseas birds wintering in UK western waters, so the proportions wintering in this area are 
estimated at 2% and 5% respectively for adults and immatures. There is no evidence from 
ringing that birds from Fennoscandia winter west of Scotland, so proportions from that 
population are set at zero for adults but 1% for immatures. That is also consistent with total 
numbers wintering west of Scotland being relatively small, and can be accounted for by the 
proportions estimated above. These combinations of proportions result in an estimated 
winter BDMPS for the West of Scotland area of 861 birds, a number that is consistent with 
the counts of red-throated divers wintering in the West of Scotland area (Section 3.7). 
Details of apportioning and estimated numbers are in Appendix A Table 3.  
 
It is estimated that about 2% of adults from breeding areas in the northern isles and North 
Sea coast of Scotland winter in NW England and Wales waters whereas 20% of adults and 
immatures from western UK breeding areas winter in NW England and Wales waters (based 
on literature reviewed in section 3.5). Immatures from North Sea UK populations are likely to 
be more represented in NW England and Wales waters than adults, so the proportion is 
estimated at 5% for immatures compared to 2% for adults. Based on the observation that 
divers are likely to avoid migrating overland, it seems likely that birds from Greenland make 
up a small proportion of the overseas birds wintering in NW England and Wales waters, so 
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the proportions wintering in this area are estimated at 10% and 30% respectively for adults 
and immatures. Probably few birds from Fennoscandia winter in NW England and Wales 
(but there is one ring recovery), so proportions from that population are set at 2% for adults 
but 5% for immatures. These combinations of proportions result in an estimated winter 
BDMPS for the NW England and Wales area of 1,657 birds, a number that is consistent with 
the counts of red-throated divers wintering in the NW England and Wales area (Section 3.7). 
Details of apportioning and estimated numbers are in Appendix A Table 4.  
 
It is estimated that about 2% of adults and 5% of immatures from breeding areas in the 
northern isles and North Sea coast of Scotland winter in SW England and Channel waters 
whereas 10% of adults and 20% of immatures from western UK breeding areas winter in SW 
England and Channel waters (based on literature reviewed in section 3.5). Immatures from 
North Sea UK populations are likely to be more represented in SW England and Channel 
waters than adults, so the proportion is estimated at 5% for immatures compared to 2% for 
adults. Based on the observation that divers are likely to avoid migrating overland, it seems 
likely that birds from Greenland make up a proportion of the overseas birds wintering in SW 
England and Channel waters, so the proportions wintering in this area are estimated at 10% 
and 20% respectively for adults and immatures. Probably few birds from Fennoscandia 
winter in SW England and Channel waters (but there is one ring recovery in the area), so 
proportions from that population are set at 1% for adults but 3% for immatures. These 
combinations of proportions result in an estimated winter BDMPS for the SW England and 
Channel waters of 1,153 birds, a number that is consistent with the counts of red-throated 
divers wintering in SW England and Channel waters (Section 3.7). Details of apportioning 
and estimated numbers are in Appendix A Table 5.  
 
Ringing data indicate that most red-throated divers from the northern isles move southwards 
in autumn through the North Sea and that birds from western UK populations mostly move 
south through western waters (Section 3.5) but there is some evidence from ringing of small 
numbers moving between western waters and North Sea and vice versa. In computing 
BDMPS for these two areas for the migration seasons it is therefore estimated that 95% of 
adults and 80% of immatures from UK North Sea populations are in UK North Sea waters 
(NW plus SW North Sea areas) during migration seasons (September-November and 
February-April), while possibly 5% of western UK red-throated divers (adults and immatures) 
also pass through North Sea waters on migration. Similarly it is estimated that 95% of adults 
and 80% of immatures from western populations migrate through western waters (West of 
Scotland to Channel) while 5% of North Sea adults and 20% of North Sea immatures (birds 
from the northern isles) migrate through western waters. Large numbers from Fennoscandia 
migrate through the North Sea but ring recoveries indicate that few reach western waters, so 
proportions estimated for this population are 45% of adults and 65% of immatures migrating 
through UK North Sea waters, with 5% and 10% respectively in western waters. Conversely 
it seems likely that birds from Greenland migrate more through western waters than through 
the North Sea, so proportions were estimated at 8% of adults and 15% of immatures 
migrating through UK North Sea waters and 25% of adults and 60% of immatures through 
western waters. These percentages result in estimated numbers in the migration season 
BDMPS that are consistent with diver count data and estimates in the literature (Section 
3.7). Details of apportioning and estimated numbers are in Appendix A Tables 6 and 7. 


3.11 Proportion of UK SPA birds in each BDMPS 
Proportions of each BDMPS that are adults from UK SPA breeding populations can be 
calculated directly from Appendix A Tables 1 to 7. For example, in the UK NW North Sea 
area in winter (Appendix A Table 1) there are 248 adults from SPA populations in the winter 
BDMPS of 1,523 birds, so approximately 16% of birds in that BDMPS are adults from SPA 
populations. In contrast, for the UK SW North Sea area in winter (Appendix A Table 2) there 
are 105.6 adults from SPA populations in the winter BDMPS of 10,177 birds, so 
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approximately 1% of birds in that BDMPS are adults from SPA breeding populations (SPA 
populations for wintering birds are not considered in this calculation). 


3.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
Red-throated divers migrate primarily through coastal waters, and winter in shallow coastal 
waters. Their distribution across the regions will therefore be far from uniform, with almost all 
birds close to the coast and predominantly in more sheltered areas. Birds from SPA 
populations may tend to winter relatively close to their SPA breeding sites, but this is 
uncertain. Given that the spatial distribution of SPAs is similar to the spatial distribution of 
the broader breeding population of the species in Scotland, it is likely that the proportion of 
birds from SPAs will be fairly consistent throughout Scottish waters. In England, it is likely 
that a high proportion of the birds from Scottish SPAs will be immatures rather than breeding 
adults, since the immatures winter further south than adults. However, most birds in 
southern North Sea waters are likely to be from Fennoscandia rather than the UK 
population, and birds from UK SPA populations are likely to be fairly randomly distributed 
amongst these. 
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4. GREAT NORTHERN DIVER Gavia immer 
 Biogeographic 


population with 
connectivity to 
UK waters (adults 
and immatures) 


Numbers in UK waters 
in non-breeding 
season (September to 
May) (adults and 
immatures) 


Overseas 430,000 4,000 


UK 0 0 


Total 430,000 4,000 


 


Non-breeding season 
BDMPS (September to 
May) 


Total number 
of birds in 
BDMPS (adults 
plus 
immatures) 


Number from 
overseas 
populations 
(adults plus 
immatures) 


Number from UK 
breeding 
population (adults 
plus immatures) 


West of Scotland 2,000 2,000 0 


NW North Sea 1,000 1,000 0 


SW North Sea & Channel 200 200 0 


NW England & Wales 300 300 0 


SW England 500 500 0 


 
Breeding numbers in overseas populations are not well known so are coded red. Colour 
coding is green for numbers from UK breeding population because great northern divers do 
not normally breed in Britain. Colour coding is amber for numbers of birds from overseas and 
in total because the species is not easy to count at sea, but there have been dedicated 
surveys of wintering divers in UK waters that appear to provide moderately accurate 
numbers in each region. Great northern divers are apparently highly faithful to the same 
wintering site in successive years and numbers appear to be fairly stable across years. 
There is, however, a possibility that wintering numbers are higher than counts indicate (for 
example numbers oiled in Shetland in one oil spill exceeded the numbers thought at the time 
to be present). There is also some uncertainty about numbers migrating through UK waters, 
although those numbers are likely to be similar to the wintering numbers as relatively few 
great northern divers winter further south in Europe than UK waters. Migration routes are 
also uncertain, but it seems likely that birds arrive directly at, and depart directly from, winter 
areas rather than necessarily moving northwards through UK waters, since their breeding 
sites lie far to the west or north-west and migrations must involve long trans-Atlantic flights. 
Origins of birds from overseas in UK waters have been quite well established from biometric 
analysis. Because there is no clear evidence for numbers migrating through UK waters being 
significantly different from numbers wintering in UK waters, a single BDMPS has been 
defined for the non-breeding period (September to May). If knowledge of migrating numbers 
improves in future there might be merit in separating this into seasonal BDMPS for migration 
seasons and for winter. 
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4.1 Breeding range and taxa 
Great northern diver is a monotypic species with a predominantly Nearctic breeding range, 
from Alaska to Greenland and Iceland, where it nests at large freshwater lakes. Although 
monotypic, there is variation among populations in biometrics which can be used to identify 
origins of individuals (Weir et al. 1996).  


4.2 Non-breeding component of the population 
Great northern divers start to breed when 6 years old (BTO Birdfacts). Adult survival rate is 
unknown (BTO Birdfacts), juvenile survival unknown (BTO Birdfacts) and mean productivity 
is unknown. Assuming an adult survival rate of 0.9 (typical of birds recruiting when 6 years 
old) and productivity of 0.635 chicks per pair (as in red-throated diver), to obtain a stable 
population, survival of immatures was adjusted to 0.7 for juveniles, 0.8 for 1 and 2 year olds, 
0.88 for 3 year olds and 0.9 for older age classes. The model population comprised 48% 
adults, 15% juveniles and 37% older immatures. There are 1.1 immatures per adult. 


4.3 Phenology 
Autumn migration starts in August (Wernham et al. 2002), late-August (Cramp et al. 1977-
94), September (Forrester et al. 2007) or late September (Pennington et al. 2004). Peak 
autumn migration occurs in late October in Shetland (Pennington et al. 2004) and in English 
waters (Brown and Grice 2005), October-November in the UK (Wernham et al. 2002; 
Forrester et al. 2007), or throughout Europe (Cramp et al. 1977-94). Peak rate of change in 
numbers observed in autumn at Trektellen seawatching UK sites (predominantly in south 
and east England) occurred in September-November (Figure 4.1). Autumn migration is 
completed by December (Pennington et al. 2004; Forrester et al. 2007) or late December 
(Cramp et al. 1977-94).  
 
Spring migration starts in early March (Cramp et al. 1977-94), March (Pennington et al. 
2004; Forrester et al. 2007) or late April (Wernham et al. 2002). Peak spring migration 
occurs in early April from English waters (Brown and Grice 2005), in April (Cramp et al. 
1977-94), in April-May (Forrester et al. 2007), or May (Wernham et al. 2002; Pennington et 
al. 2007). Peak rate of change in numbers observed in spring at Trektellen seawatching UK 
sites (predominantly in south and east England) occurred in February-March but with a 
smaller but distinct peak in May (Figure 4.1). Spring migration is completed by early June 
(Cramp et al. 1977-94), or June (Wernham et al. 2002; Pennington et al. 2004; Forrester et 
al. 2007).  
 
The first spring records of red-throated diver in Shetland, Fair Isle, Orkney, and Argyll Bird 
Reports for 2007 to 2012 were predominantly from 1 January and the last records were 
predominantly at 31 December, as large numbers of great northern divers overwinter, while 
peak autumn migration was reported in October in most years, and peak spring migration 
was reported in April-May or May in most years.   
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Figure 4.1. Average numbers of great northern divers counted per hour at migration sites in 
the UK (which are mostly in south or east England). Data from Trektellen database accessed 
from the internet in January 2014. 


4.4 Defined seasons: 
• UK Breeding season     not applicable 
• Post-breeding migration in UK waters  September-November 
• non-breeding season    September-May (BDMPS) 
• Return migration through UK waters   March-May 
• Migration-free breeding season  not applicable 
• Migration-free winter season   December-February 


Apart from the breeding season, one seasonal BDMPS period was considered to be 
appropriate for great northern diver: 


Non-breeding season (September-May). 


4.5 Movements of birds from the UK population 
With the very rare exception of the odd pair, or individual, in occasional years, the species 
does not breed in the UK. 


4.6 Movements of birds from overseas into UK waters 
Relevant breeding populations are 300-500 pairs in Iceland, 400-1,800 pairs in Greenland, 
and around 100,000 pairs in Canada (Wernham et al. 2002; Wetlands International 2006). 
Birds mostly leave breeding areas in September-October, but some arrive in NW Scotland in 
August. Spring migration occurs in April-May, but substantial numbers of immature birds 
remain in British waters through the summer. Measurement of great northern diver study 
skins in the National Museums of Scotland suggested, on the basis of biometric differences 
between populations, that 45% of those wintering in Scotland were from the Icelandic 
population, 45% from Greenland and Baffin Island, and only 10% from mainland Canada 
(Weir et al. 1996). Camphuysen et al. (2010) looked at a sample killed by the Prestige oil 
spill in Galicia, and concluded that most birds wintering off Spain appear to be juveniles, but 
that biometrics suggest those birds also come from Iceland and Greenland rather than 
mainland Canada. Most Canadian birds therefore appear to overwinter in North America 
rather than migrating to Europe. 
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4.7 Numbers in UK waters 
While many great northern divers winter inshore off coasts of North America, about 6,000 
winter inshore from northern Norway to northern Spain (Pennington et al. 2004), of which 
about 3,500-4,500 individuals winter off Britain and Ireland (Wernham et al. 2002). Wintering 
birds in British waters are mostly found in shallow sea off the west and north coasts of 
Scotland and adults seem to predominate in those areas (Weir et al. 1996). Numbers 
wintering in English waters are unlikely to exceed 1,000 birds, most of which winter off SW 
England (Brown and Grice 2005). Given the predominance of adults in Scottish waters it is 
likely that most birds wintering in English waters are immatures (since numbers of immatures 
are similar to numbers of adults, and in almost all seabirds the immatures winter further from 
the source population than do the adults).  


4.8 Biogeographic population 
Stroud et al. (2001) defined the biogeographic breeding population as that of Iceland and 
Greenland, comprising 700-2,300 pairs (BirdLife International 2004 suggests 500 to 2,000 
pairs in Greenland but provides no reference to support this), and the biogeographic winter 
population of Europe as 5,000 individuals (based on data in Rose and Scott 1997). A 
population of 700-2,300 pairs will have an associated component of immature birds 
numbering about 1,400 to 4,600 individuals. So the total population size can be estimated at 
1,400 to 4,600 birds (Iceland plus Greenland). Since the UK also receives birds from eastern 
Canada that overwinter in UK waters, it could be appropriate to include that population in the 
biogeographic population with connectivity to UK waters (and that has been done in this 
report). However, the Canadian population is very large (perhaps 100,000 pairs) and only a 
very small proportion of birds wintering in the UK originate from that population (about 10% 
of birds wintering in UK waters), so it may be appropriate (and precautionary) to omit that 
population from consideration. The numbers wintering in UK waters (about 3,500 to 4,500 
birds) appear to represent the vast majority of the populations from Iceland and Greenland, 
based on this comparison of breeding numbers, population demography, and wintering 
numbers.  
 


 
Figure 4.2. Breeding population origins of great northern divers in UK waters during 
migrations and winter. Estimated numbers of breeding pairs in each population are given, as 
are the proportions from each source population represented in non-breeding populations in 
UK waters. Base map from OpenStreetMap www.openstreetmap.org ©OpenStreetMap 
contributors 
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Figure 4.3. Main movements of great northern divers from overseas populations (blue 
arrows) into UK waters during post-breeding dispersal/migration. Arrows imply general 
patterns of movement and should not be taken literally as indicating exact routes or exact 
starting and end points. Similarly, small numbers of birds occur in areas not marked by 
arrows and some birds may move in different directions from those broad patterns indicated. 
Movements probably tend to follow coastlines and arrows that cross land do not imply 
overland migration routes. As far as is known, spring return migration represents a reversal 
of the pattern shown in this figure. Museum based studies of biometrics of great northern 
divers collected from sites in UK waters suggest that the proportions of birds from Iceland 
(45%), Greenland (45%) and eastern Canada (10%) are consistent across regions, and 
therefore that there is little or no difference in the use of UK regions between these source 
populations. The proportions of the source populations wintering in UK waters probably do 
vary considerably, since the Canadian population is much the largest but represents only 
10% of birds wintering in the UK. Wintering numbers are highest in the north and west of the 
UK. 


4.9 Proportion of UK population from UK breeding SPAs 
There are no breeding great northern divers in the UK in most years, and no SPAs in the UK 
include breeding great northern diver as a feature. 


4.10 BDMPS 
Since great northern divers from all three source populations appear to be similarly 
represented in different regions, the entire UK waters could be treated as a single BDMPS 
for this species. However, numbers wintering in different regions are moderately well known, 
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and are much higher in West of Scotland than elsewhere. Numbers are higher in the NW 
North Sea than in English waters, where the main concentration of the species is found in 
SW England. Division into the 5 regions shown in Figure 4.4 may therefore be useful.  
 


 
Figure 4.4. Five defined BDMPS spatial areas for great northern divers in UK waters; ‘NW 
North Sea’, SW North Sea & Channel’, West of Scotland’, NW England & Wales’, and ‘SW 
England’. 
 
It appears that the proportions from each source population are similar in all the defined 
regions: 45% from Iceland, 45% from Greenland, and 10% from eastern Canada. About 
3,000 of these birds winter in Scottish and Northern Irish waters, with perhaps 2,000 in the 
West of Scotland region and 1,000 in the NW North Sea region. About 1,000 birds winter in 
English and Welsh waters, with perhaps 500 of those in the SW England region, 300 in NW 
England and Wales and 200 in SW North Sea and Channel. Confidence in these numbers is 
moderate. None of these birds originate from UK breeding SPA populations.  
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5. NORTHERN FULMAR Fulmarus glacialis 
 Biogeographic 


population 
with 
connectivity 
to UK waters 
(adults and 
immatures) 


Numbers in 
UK waters 
in winter 
(November) 
(adults and 
immatures) 


Numbers in UK waters in 
migration seasons 
(September-October and 
December-March) (adults 
and immatures) 


Overseas 6,435,000 192,826 385,652 


UK 1,620,000 932,277 1,400,044 


Total 8,055,000 1,125,103 1,785,696 


 


 Total number 
of birds in 
BDMPS (adults 
and 
immatures) 


Number from 
overseas 
populations 
(adults and 
immatures) 


Number from 
UK population 
(adults and 
immatures) 


‘Winter’ BDMPS (November)    


UK North Sea waters 568,736 96,413 472,323 


UK Western waters plus Channel 556,367 96,413 459,954 


‘Migration seasons’ BDMPS 
(September & October, 
December to March) 


   


UK North Sea waters 957,502 192,826 764,676 


UK Western waters plus Channel 828,194 192,826 635,368 


 
Colour coding for numbers from overseas populations is red since these overseas 
populations are very large and while only a very small proportion of those birds pass through 
or winter in UK waters, this makes estimating numbers very difficult. Although there are ring 
recovery data, fulmar recoveries provide only a very weak picture of migrations and winter 
distribution (as with other highly pelagic species), and there are very few tracking studies of 
this species up until now. Colour coding for UK numbers is amber as these are moderately 
well documented from breeding colony surveys, but some counts are relatively old (from 
1999-2002) and there is evidence for declines in numbers at some colonies though this 
appears patchy and may partly reflect changes in breeding effort rather than population size. 


Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 8 to 
11. 
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5.1 Breeding range and taxa 
The fulmar has a circumpolar breeding range, with two subspecies; rodgersii which is found 
in the northern North Pacific, and nominate glacialis which is found in the northern North 
Atlantic. In the North Atlantic, there are two colour phases of plumage. Birds at colonies at 
low latitude are all pale phase birds, whereas in the high Arctic most birds are dark phase 
‘blue’ fulmars. Biometrics do not seem to be useful in identifying origins of individuals.  


5.2 Non-breeding component of the population 
Fulmars start to breed when 9 years old (BTO Birdfacts). Adult survival rate is 0.972 (BTO 
Birdfacts), juvenile survival unknown (BTO Birdfacts) and mean productivity is 0.424 chicks 
per pair (JNCC database, n=455 measurements). To obtain a stable population, survival of 
immatures was adjusted to 0.5 for juveniles, 0.6 for 1-year olds, 0.8 for 2-year olds, 0.9 for 3-
6 year olds, 0.92 for 7-year olds and 0.95 for 8-year olds. The model population comprised 
62% adults, 13% juveniles and 25% older immatures. There are 0.62 immatures per adult. 


5.3 Phenology 
The end of the breeding season is described as late August (Forrester et al. 2007) or early 
September (Pennington et al. 2004). Modal departure from colonies is in August (Pennington 
et al. 2004; Forrester et al. 2007). However, autumn migration starts in July (Cramp et al. 
1977-94), August (Wernham et al. 2002; Forrester et al. 2007) or early September 
(Pennington et al. 2004). Peak autumn migration occurs in September-October (Cramp et al. 
1977-94; Wernham et al. 2002; Pennington et al. 2004; Forrester et al. 2007). Peak rate of 
change in numbers observed in autumn at Trektellen seawatching UK sites (predominantly 
in south and east England) occurred in September-October but was not clearly pronounced 
(Figure 5.1). Autumn migration is completed by November (Wernham et al. 2002; 
Pennington et al. 2004; Forrester et al. 2007) or November-December (Cramp et al. 1977-
94).  
 
Spring migration starts in November (Forrester et al. 2007), January (Cramp et al. 1977-94; 
Pennington et al. 2004) or February (Wernham et al. 2002). Peak spring migration occurs in 
January-March (Forrester et al. 2007), January-April (Pennington et al. 2004), February-
March (Cramp et al. 1977-94), or in March-April (Wernham et al. 2002). Peak rate of change 
in numbers observed in spring at Trektellen seawatching UK sites (predominantly in south 
and east England) occurred in late January-March (Figure 5.1). Spring migration is 
completed by April (Cramp et al. 1977-94; Forrester et al. 2007) or May (Wernham et al. 
2002; Pennington et al. 2004).  
 
Shetland, Fair Isle, Orkney, and Argyll Bird Reports for 2007 to 2012 reported fulmars 
present from 1 January to 31 December, but peak autumn migration was reported in 
September in most years, and peak spring migration was reported in January in most years. 
The breeding season (birds returning to nest sites) starts from October, but modal return is 
in November-January (Pennington et al. 2004; Forrester et al. 2007). 
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Figure 5.1. Average numbers of fulmars counted per hour at migration sites in the UK (which 
are mostly in south or east England). Data from Trektellen database accessed from the 
internet in January 2014. 
 
Kober et al. (2010) defined breeding season as March-July, non-breeding season August-
February. However, from the data reviewed above, a more appropriate definition would be 
breeding season January-August, non-breeding season September-December. 


5.4 Defined seasons: 
• UK Breeding season     January-August 
• Post-breeding migration in UK waters  September-October (migration 


BDMPS) 
• non-breeding season     September-December 
• Return migration through UK waters   December-March (migration BDMPS) 
• Migration-free breeding season  April-August 
• Migration-free winter season   November (winter BDMPS) 


Apart from the breeding season, two seasonal BDMPS periods are considered to be 
appropriate for northern fulmar: 


Migration seasons BDMPS (September-October and December-March); and 


Winter BDMPS (November). 


5.5 Movements of birds from the UK population 
After fledging, young fulmars from colonies in the British Isles spend about four years at sea, 
during which time they disperse widely over the eastern and western North Atlantic, 
Norwegian and Barents Seas and the Arctic (Macdonald 1977; Wernham et al. 2002). As 
older immatures, they tend to return to their natal area in summer but for shorter periods 
than the breeding birds (Forrester et al. 2007). When chicks fledge in August-September, 
breeders disperse away from the colony and complete moult at sea before returning to re-
occupy nest sites only about two to six months later. Breeders attend nest sites from early 
winter through to chick fledging in August-September. However, fulmars can travel hundreds 
of kilometres during foraging trips while breeding, and nest site attendance in winter is 
sporadic so even longer trips may occur at that time of year. Nest attendance in winter 
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seems to be mainly by males (Wernham et al. 2002) and so females may range over larger 
areas in winter than males. ‘Spring’ (i.e. pre-breeding) migration back to colonies must occur 
in October-February. Many (apparently between 100 and 200) fulmars ringed as chicks at 
colonies in Britain have been recovered in the Faroes (Hammer et al. 2013). Most (over 
80%) of those were deliberately harvested for food, and predominantly caught as immatures. 
However, recoveries of fulmars ringed at British colonies provides a very incomplete picture 
of migrations and wintering areas as the chances of ringed birds being recovered are 
extremely low in many areas such as the mid-Atlantic or high Arctic.  


5.6 Movements of birds from overseas into UK waters 
Up to publication of the Migration Atlas, 22 foreign-ringed fulmars had been recovered in the 
British Isles. Seven of these had been ringed at sea so were of uncertain population of 
origin. The others came from the Faroes, Iceland, Denmark, and Norway (Wernham et al., 
2002). Given the very uneven distribution of ringing effort among fulmar populations, these 
data provide only a very crude indication of the origins of fulmars that are present in British 
waters (Wernham et al. 2002), but suggest that most may come from Faroes, Iceland, and 
Norway. Fulmars from high Arctic populations are predominantly of the dark colour morph 
‘blue fulmars’. These birds are occasionally seen in British waters, especially in winter, but 
represent a very small proportion of the fulmars present, suggesting that numbers of fulmars 
from high Arctic populations reaching British waters are negligible and that the vast majority 
of birds seen in British waters are either from British colonies, or from populations in Faroe, 
Iceland or Norway. There are around 500,000 pairs in the UK, 600,000 in Faroe, 1.5 million 
pairs in Iceland (though numbers breeding there declined by 30% from 1983-86 to 2005-08; 
Gardarsson 2006, Gardarsson et al. 2011), and 386,000 pairs in Norway. All of these 
populations will have large numbers of immature birds associated with them. The tendency 
for breeding age birds to attend colonies from October-November through to August-
September suggests that most fulmars in British waters are likely to be from UK colonies, but 
the high numbers in populations in Faroe, Iceland and Norway, together with the relatively 
mobile nature of immature fulmars, suggests that an unknown but potentially moderately 
high proportion of birds in British waters could originate from those populations, especially in 
early winter. 


5.7 Numbers in UK waters 
ESAS data suggest that there are about 2 to 50 birds per km2 in Scottish territorial waters in 
winter (Forrester et al. 2007). From surveys in 2007 and 2008, Fauchald and Tveraa (2009) 
reported mean densities at sea of 80-400 birds per km2 in the Norwegian Sea in 
spring/summer, and 25-300 birds per km2 in the Barents Sea in autumn, suggesting much 
higher densities than found around the UK. Only low densities occur in English waters 
(Stone et al. 1995; Brown and Grice 2005). However, Forrester et al. (2007) suggest that 
about 1,000,000 fulmars are in Scottish waters during winter (defined in that work as 
December-February so note that much of that period would involve breeding birds already 
being back at nest sites). During migration periods, densities of fulmars are higher than in 
winter, and suggest that closer to 2,000,000 birds are present at sea in UK waters during 
peak migration seasons, a number that is still only slightly greater than the total population of 
the UK (including immatures) so does not indicate that there are necessarily large numbers 
of birds from overseas populations passing through UK waters even during the migration 
period. 


5.8 Biogeographic population 
Stroud et al. (2001) defined the biogeographic breeding population as that of the subspecies 
glacialis which breeds around the North Atlantic, comprising 7,540,000 pairs. However, 
Mitchell et al. (2004) provided a revised estimate of this population as 2,700,000-4,000,000 
pairs. Kober et al. (2010) presented an estimated biogeographic population of 10,000,000 
individuals. Based on ringing data, it appears that some birds from Iceland, Faroe and 
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Norway visit UK waters. Therefore, a biogeographic population with connectivity to UK 
waters is the sum of numbers in UK, Iceland, Faroe and Norway (2,486,000 pairs). When 
accounting for immature birds, this represents a total of almost 5,000,000 adults and about 
3,000,000 immatures; i.e. a total of about 8,000,000 birds. 
  


 
Figure 5.2. Breeding population origins of fulmars in UK waters during migrations and winter. 
Estimated numbers of breeding pairs in each population are given. Base map from 
OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors. 
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Figure 5.3. Main movements of fulmars from UK breeding areas (red arrows) and from 
overseas populations (blue arrows) into UK waters during post-breeding dispersal/migration. 
Arrows imply general patterns of movement and should not be taken literally as indicating 
exact routes or exact starting and end points. Similarly, small numbers of birds occur in 
areas not marked by arrows and some birds may move in different directions from those 
broad patterns indicated. Movements probably tend to follow coastlines and arrows that 
cross land do not imply overland migration routes. As far as is known, spring return migration 
represents a reversal of the pattern shown in this figure. There is only low to moderate 
confidence in these data, since none of these populations have been studied by tracking 
(apart from a very small number of birds in Orkney for which no data are yet in the public 
domain), and fulmar movements are not easy to determine because the species is so widely 
distributed and predominantly pelagic.  
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Figure 5.4. Trend in the fulmar breeding population index in UK from 1986-2012. Data from 
JNCC seabird population monitoring database.  
 


 
Figure 5.5. Trend in the fulmar breeding population index in Scotland from 1986-2012. Data 
from JNCC seabird population monitoring database.  
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Figure 5.6. Trend in the fulmar breeding population index in Wales from 1986-2012. Data 
from JNCC seabird population monitoring database.  


5.9 Proportion of UK population from UK breeding SPAs 
The 25 SPAs with breeding fulmars as a feature together held 310,279 pairs at designation, 
estimated to represent ca. 57% of the British breeding population (Stroud et al. 2001). Given 
that the geographical distribution of SPAs (Figure 5.7) reflects the geographical distribution 
of the population as a whole, it is likely that this percentage remains a valid estimate for the 
current population. Breeding numbers have declined since 2000 (by about 10% between 
2000 and 2012) in the UK, Scotland and Wales (Figures 5.4 to 5.6). However, that decline is 
likely to have affected SPA and non-SPA populations, so should not greatly alter the 
proportion within SPAs. It is likely that larger populations (which are predominantly the SPA 
populations) may have declined more, which would reduce the proportion within the SPA 
suite. Stroud et al. (2014) estimated that the SPA suite held about 49.7% of the GB 
population in the early 2000s.  
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Figure 5.7. Locations of the 25 UK SPAs with fulmar as a breeding feature. These SPA 
populations are listed in Table 5.1. From Stroud et al. 1990. 
 
Table 5.1. The UK SPA suite for breeding fulmars. 
SPA Location Pairs Year 


desig-
nated 


Site 
condition 
monitoring* 


Recent 
counts 
(pairs) 


Year Reference 


UK North Sea 
Hermaness, 
Saxavord & 
Valla F 


Shetland 14,890 1994 Declined 
2007 


13,958 
>6,723 


1999 
2011 


SMP database 
SMP database 


Fetlar Shetland 9,800 1994 Maintained 
2002 


8,912 1999-
2002 


Stroud et al. 
2014 


Foula Shetland 46,800 1995 Declined 
2007 


21,106 
19,758 


2000 
2007 


Seabird2000 
SMP database 


Noss Shetland 5,870 
(1993) 


1996 Maintained 
1998 


4,999 
5,169 
6,144 
5,248 


1998 
2002 
2006 
2011 


Seabird2000 
Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 


  38 | P a g e  
 







 


 
Sumburgh 
Head 


Shetland 2,542 1996 Maintained 
2001 


1,487 
230 
233 


2001 
2007 
2009 


Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 


Fair Isle Shetland 43,320 1994 Maintained 
2000 


29,649 2011 Lewis et al. 2012 


West Westray Orkney 1,400 1996 Declined 
2007 


4,270 
677 


2000 
2007 


Seabird2000 
Lewis et al. 2012 


Calf of Eday Orkney 1,955 1998 Maintained 
2002 


1,842 2002 Lewis et al. 2012 


Rousay Orkney 1,240 2000 Recovering 
2009 


712 
1,030 


2000 
2009 


Seabird2000 
Lewis et al. 2012 


Hoy Orkney 35,000 2000 Declined 
2007 


19,586 2007 Lewis et al. 2012 


Copinsay Orkney 1,615 1994 Recovering 
2008 


1,630 2008 Lewis et al. 2012 


North 
Caithness 
Cliffs 


N 
Scotland 


14,700 
Or 
16,310 
(Stroud 
et al. 
2001) 


1996 Maintained 
2000 


14,250 2000 Seabird2000 


East Caithness 
Cliffs 


N 
Scotland 


15,000 1996 Maintained 
1999 


14,202 1999 Seabird2000 


Buchan Ness 
to Collieston 
Coast 


NE 
Scotland 


1,765 
(1986) 


1998 Declined 
2007 


1,389 
1,367 


2007 
2007 


Lewis et al. 2012 
Stroud et al. 
2014 


Troup, Pennan 
and Lion’s 
Heads 


NE 
Scotland 


4,400 
(1995) 


1997 Declined 
2007 


2,900 
1,795 


2001 
2007 


Lewis et al. 2012 
Lewis et al. 2012 


Fowlsheugh NE 
Scotland 


1,170 1992 Maintained 
1999 


246 
193 


2006 
2009 


Lewis et al. 2012 
Lewis et al. 2012 


Forth Islands E 
Scotland 


798 
(1985) 
or 
1,600 
(Stroud 
et al. 
2001) 


1990 Maintained 
2004 


1,364 
676 
 
832 


2004 
2005-
2009 
2010 


Lewis et al. 2012 
Stroud et al. 
2014 
 
Lewis et al. 2012 


Flamborough 
and Filey 
Coast pSPA 


E England Not 
stated 


Not 
yet 


 1,355 
878 


2000 
2008 


SCM database 
SCM database 


Western waters & Channel 
Cape Wrath NW 


Scotland 
2,300 1996 Maintained 


2000 
2,115 2000 Seabird2000 


Handa NW 
Scotland 


3,500 
(1986) 


1990 Declined 
2008 


4,323 
3,550 
2,119 
1,915 
1,870 


1996 
2000 
2004 
2008 
2012 


SMP database  
Seabird2000 
Lewis et al. 2012 
Lewis et al. 2012 
SMP database 


Flannan Isles Western 
Isles 


4,700 
(1988) 


1992 Recovering 
2013 


7,328 1998 Seabird2000 


North Rona 
and Sula Sgeir 


N 
Scotland 


11,500 1985-
1986 


Declined 
2012 


North 
Rona 
only: 
3,738 
3,520 
2,616 
1,438 


 
 
 
1986 
1998 
2005 
2012 


 
 
 
SMP database 
SMP database 
SMP database 
SMP database 
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Shiant Isles Western 


Isles 
6,820 1992 Maintained 


1999 
4,387 1999 Seabird2000 


St Kilda Western 
Isles 


62,800 1992 Maintained 
2000 


66,055 1999 Seabird2000 


Mingulay and 
Berneray 


Western 
Isles 


12,500 
(1994) 


1994 Maintained 
1998 


15,023 
9,046 


2003 
2009 


Lewis et al. 2012 
Lewis et al. 2012 


Rathlin Island N Ireland 1,482 
(1985) 


1999  2,032 
1,072 
1,518 


1999 
2007 
2011 


SCM database 
SCM database 
SCM database 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 


5.10 BDMPS 
Given that breeding fulmars from Scotland may make foraging trips while breeding to as far 
as the mid-Atlantic ridge, and non-breeding birds may disperse over thousands of 
kilometres, this pelagic species cannot readily be subdivided into local regional populations. 
It seems more appropriate to consider all UK waters as a single BDMPS for this species. 
However, if it is convenient to work on a smaller spatial scale, division into UK North Sea 
waters and UK Western waters plus Channel would be practical, based on the fact that there 
appears to be relatively low movement of birds between UK North Sea and UK western 
waters (Figure 5.8). The following interpretation is based on the review of literature 
presented in Sections 5.5, 5.6 and 5.7. In UK waters there are about 1,000,000 fulmars at 
sea on average during the winter. The vast majority of these occur in Scottish waters rather 
than further south. Approximately half of these occur in the BDMPS ‘UK North Sea waters’ 
and approximately half in ‘UK Western waters plus Channel’. However, the contributions of 
SPA breeding populations differ strongly between these two BDMPS, with most birds from 
North Sea SPA populations in North Sea waters and most birds from western SPA 
populations in western waters. Details of apportioning used in computing these BDMPS are 
given in Appendix A Tables 8 and 9 for winter BDMPS, and Appendix A Tables 10 and 11 for 
migration season BDMPS. The numbers of birds from overseas populations contributing to 
these BDMPS is particularly uncertain. It is clearly a very low proportion as estimates of the 
numbers of fulmarsv at sea in UK waters would not allow for large numbers from overseas in 
addition to the better known numbers from UK populations. In the BDMPS calculations the 
proportion coming from Iceland, Norway and Faroe has been estimated at 1% of the adult 
population and 2% of the immature population (3% for Faroe) in winter in the UK North Sea 
and in UK western waters, and at twice these values for the migration seasons.  
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Figure 5.8. Two defined BDMPS spatial areas for fulmar; the two defined areas are ‘UK 
North Sea’ and ‘UK Western waters plus Channel’. 


5.11 Proportions of UK SPA birds in each BDMPS 
Proportions of each BDMPS represented by adults from UK breeding SPA populations can 
be computed from the data in Appendix A Tables 8 to 11. For example, the UK North Sea 
winter BDMPS holds an estimated 96,413 birds from overseas populations and 472,323 
birds from UK populations, a total of 568,736 birds. Of these, 184,608 are adults from SPA 
breeding populations, so these represent 32.5% of the UK North Sea winter BDMPS total. In 
UK western waters the winter BDMPS holds an estimated 96,413 birds from overseas 
populations and 459,954 birds from UK populations, a total of 556,367 birds. Of these, 
162,063 are adults from SPA breeding populations, so these represent 29.1% of the UK 
western waters plus Channel winter BDMPS total. 


5.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
The 25 UK SPAs with fulmar as a feature are almost all in Scotland (Figure 5.7), but this also 
reflects the broader breeding distribution of the species in the UK: Seabird 2000 (Mitchell et 
al. 2004) reported 485,852 pairs in Scotland, 9,755 in England, 3,474 in Wales and nearly 
6,000 in Northern Ireland, so the Scottish population represents over 96% of the UK total. 
Within Scottish waters, the spread of fulmar SPAs is also distributed much as the overall 
breeding population, so that the at sea distribution of birds from SPA populations is likely to 
be very similar to that of birds from colonies that are not SPAs. Furthermore, about 50% of 
the fulmar population breeds on SPAs with fulmar as a designated feature, so the high 
proportion of the population in designated sites also makes it likely that the geographic 
spread of birds from SPAs matches closely that of the general population. The high mobility 
of this pelagic species also means that birds are likely to be well mixed at sea during 
migration seasons and in winter.  
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6. MANX SHEARWATER Puffinus puffinus 
 Biogeographic 


population with 
connectivity to UK 
waters (adults and 
immatures) 


Numbers in UK waters in 
migration seasons 
(August to early October 
and late March to May) 


Overseas 242,000 11,206 


UK 1,700,000 1,578,196 


Total 2,000,000 1,589,402 


 


Migration season 
BDMPS (August to 
early October, late 
March to May) 


Total number of 
birds in BDMPS 
(adults plus 
immatures) 


Number from 
overseas 
populations 
(adults plus 
immatures) 


Number from UK 
population (adults 
plus immatures) 


UK North Sea waters 8,507 111 8,396 


UK Western waters plus 
Channel 


1,580,895 11,095 1,569,800 


 
Colour coding is amber for western waters as numbers in colonies in the UK and overseas 
are moderately well known and have in most cases not been censused since Seabird 2000 
(and there are some issues with estimated numbers at Skomer where recent census 
suggests surprisingly large increase in numbers), most birds in UK waters originate from UK 
colonies so the influence of uncertain numbers coming from overseas is relatively small, and 
movement patterns of this species appear to be consistent from year to year. Colour coding 
for the North Sea migrating BDMPS is red because numbers entering the North Sea are low, 
are not well documented, and seem to vary somewhat from year to year, possibly in 
response to variable weather conditions. 


Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 12 
and 13. 


6.1 Breeding range and taxa 
Manx shearwaters are monotypic, with a core breeding range in the British Isles, smaller 
populations in Faroe and Iceland, and very small colonies in eastern Canada, France, 
Azores, Madeira and Canaries. Biometric variation appears to be of no value in assessing 
origins of individuals. Manx shearwaters are trans-equatorial migrants, wintering off the 
coast of Brazil (Brooke 1990).  


6.2 Non-breeding component of the population 
Manx shearwaters start to breed when 5 years old (BTO Birdfacts). Adult survival rate is 
0.905 (BTO Birdfacts), juvenile survival 0.25 up to 5 years old (BTO Birdfacts) and mean 
productivity is 0.591 chicks per pair (JNCC database, n=56 measurements). To obtain a 
stable population, survival of immatures was adjusted to 0.6 for juveniles, 0.8 for 1-year olds, 
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0.85 for 2-year olds, 0.88 for 3-year olds, and 0.9 for 4-year olds. The model population 
comprised 54% adults, 16% juveniles and 30% older immatures. There are 0.84 immatures 
per adult. 


6.3 Phenology 
Some chicks may still be emerging and fledging from burrows on Rum in mid-October after 
adults have departed. However, most adults leave the breeding colonies by late September 
or early October (Pennington et al. 2004; Forrester et al. 2007). The literature indicates that 
autumn migration starts in July (Cramp et al. 1977-94; Pennington et al. 2004), August 
(Forrester et al. 2007), or mid-August (Wernham et al. 2002). Peak autumn migration occurs 
in August in Shetland (Pennington et al. 2004), August-October throughout the range from 
Europe to South America (Cramp et al. 1977-94) or in September in the UK (Wernham et al. 
2002; Forrester et al. 2007). Argyll Bird Reports indicate very large movements of Manx 
shearwaters through Argyll waters in August each year (flocks of tens of thousands of birds) 
but only small numbers in September and very few in October. It is unclear whether this 
means that migration mainly occurs in August (whenm chicks are still in burrows) or whether 
these very large movements are foraging by breeding adults rather than migration 
movements. If the latter, this would imply that migration occurs rather directly into the 
Atlantic so is not evident from coastal Argyll for example. Numbers observed in autumn at 
Trektellen seawatching UK sites (predominantly in south and east England) suggest that 
autumn migration occurred mainly in September with a little in early October (Figure 6.1). 
Autumn migration is completed by late September (Pennington et al. 2004; Forrester et al. 
2007) or early October (Cramp et al. 1977-94; Wernham et al. 2002; Brown and Grice 2005).  
 
Spring migration starts from South America in mid-January (Cramp et al. 1977-94), and in 
UK waters in February-March (Wernham et al. 2002) or early March (Pennington et al. 2004; 
Forrester et al. 2007). Peak spring migration occurs in February-March through in the entire 
range of the species (Cramp et al. 1977-94), but in mid-March in English waters (Brown and 
Grice 2005), in late March according to Forrester et al. (2007), April according to Wernham 
et al. (2002), or May in Shetland (Pennington et al. 2004). Numbers observed in spring at 
Trektellen seawatching UK sites (predominantly in south and east England) suggest that 
spring migration occurred in April-May (Figure 6.1). Spring migration is completed by April 
(Cramp et al. 1977-94), late April (Wernham et al. 2002), May (Forrester et al. 2007) or as 
late as June in Shetland (Pennington et al. 2004).  
 
The first spring records of Manx shearwater in Shetland, Fair Isle, Orkney, and Argyll Bird 
Reports for 2007 to 2012 were predominantly from late March to late April, and the last 
records were predominantly in late September or October, while peak autumn migration was 
reported in July, August or September in most years, and peak spring migration was 
reported in May in most years. Breeding colonies are first re-occupied in March or April, with 
modal arrival at colonies in late March or April (Pennington et al. 2004; Forrester et al. 2007). 
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Figure 6.1. Average numbers of Manx shearwaters counted per hour at migration sites in the 
UK (which are mostly in south or east England). Data from Trektellen database accessed 
from the internet in January 2014. 
 
Kober et al. (2010) defined breeding season as May-September, non-breeding season birds 
absent from UK waters. However, from the data reviewed above, a more appropriate 
definition would be breeding season April-August, non-breeding season September-March. 


6.4 Defined seasons: 
• UK Breeding season     April-August 
• Post-breeding migration in UK waters  August-early October (migration 


BDMPS) 
• non-breeding season     September-March 
• Return migration through UK waters   late March-May (migration BDMPS) 
• Migration-free breeding season  June-July 
• Migration-free winter season   November-February 


Apart from the breeding season, one seasonal BDMPS periods is considered to be 
appropriate for Manx shearwater: 


Migration seasons BDMPS (August-early October and late March-May). 


6.5 Movements of birds from the UK population 
Birds from UK colonies depart in August to October, apparently predominantly in September, 
and most reach South America by October (Brooke 1990; Wernham et al. 2002). Indeed, 
there are recoveries of chicks that have reached South America within two to three weeks of 
the date of ringing at the nest (Brooke 1990). Birds from Rum are thought to migrate 
predominantly past the west of Ireland rather than through the Irish Sea (supported by the 
records of Argyll Bird Club that very large numbers of Manx shearwaters feed in Argyll 
waters in August but rather few tende to be seen in Argyll waters in September and hardly 
any in October), and then past France and Spain and probably past west Africa before 
crossing to South America (Wernham et al. 2002). Spring migration appears to follow a more 
westerly route (Brooke 1990). Large numbers are seen off North Carolina in February-March 
(Wernham et al. 2002). There is some evidence to suggest that the use of waters off the 
United States is a feature that has developed since the 1950s, as the species was largely 
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unknown there in earlier decades (Brooke 1990), suggesting some flexibility in migration 
route, perhaps in response to changing environmental conditions. Some immature birds, 
predominantly birds that are only one year old, remain in wintering areas or off the 
southeastern United States rather than returning to British waters (Wernham et al. 2002). 
Movements of adults through the South and North Atlantic have been tracked by geolocator 
deployment, but although these provide clear evidence of the large scale pattern they give 
only very little indication of directions of migration movements through UK waters (Guilford et 
al. 2009). 


6.6 Movements of birds from overseas into UK waters 
Of the 1,036 birds ringed in the Faroes (357 as chicks) none have been recovered in Britain 
(Hammer et al. 2013). According to Wernham et al. (2002), there is no evidence from 
ringing, or from any other sources, to suggest that birds from colonies in other countries 
apart from Ireland pass through British waters during migration, although a small number of 
birds reared in French colonies have recruited into colonies in the UK. However, it seems 
highly likely that most birds from the Faroes pass through the NW area of UK territorial 
waters on migration, and some from Iceland may do so. Most birds from Irish colonies 
probably migrate directly between the open Atlantic Ocean and Irish waters rather than 
moving through UK waters. There are probably about 400,000 pairs in UK colonies 
(numbers being somewhat uncertain due to variations in recent counts at the largest 
colonies), 32,600 pairs in Ireland, 25,000 pairs in Faroes, and 8,500 pairs in Iceland (Mitchell 
et al. 2004). These data would suggest that all, or almost all, of the Manx shearwaters 
occurring in British waters during migration are from British colonies. Although there are 
occasional records of Manx shearwaters in British waters as late as November or December, 
these are highly unusual, and no birds are thought to overwinter successfully in British 
waters.  


6.7 Numbers in UK waters 
Very high densities occur in summer (May-August) in Irish and Celtic Sea, whereas the 
species is scarce in the Channel and in the North Sea (Brown and Grice 2005). Forrester et 
al. (2007) suggest that passage of Manx shearwaters through Scottish waters is ‘minimal’ 
apart from the arrival and departure of birds to and from the large colonies on Rum and St 
Kilda. This is supported by the very small numbers of migrant Manx shearwaters seen at 
Shetland or Orkney or along the east coast of the Scottish mainland, where the species has 
no significant breeding colonies (Annual Bird Reports and Pennington et al. 2004).  


6.8 Biogeographic population 
Stroud et al. (2001) defined the biogeographic breeding population as that of the entire 
species’ population, comprising 265,100 pairs. However, Mitchell et al. (2004) provided a 
revised estimate of this population as 340,000-410,000 pairs. Since then, the estimated 
large increase in numbers at Skomer suggests that a more appropriate total may be at least 
400,000 pairs for the UK, possibly slightly more. Kober et al. (2010) presented an estimated 
biogeographic population of 1,130,000 individuals. Since populations in the UK, Iceland, 
Faroe and Ireland have possible connectivity with UK waters, the appropriate biogeographic 
breeding population with connectivity is a total population of ca. 2,000,000 birds. However, 
given that there is no evidence that Manx shearwaters from Ireland, Iceland and Faroe pass 
though UK coastal waters, and these birds are considerably outnumbered by the UK 
population, it would be a reasonable first approximation to consider all Manx shearwaters 
occurring in UK waters to be birds from the UK population, comprising ca. 400,000 pairs 
(800,000 adults) and an associated 672,000 immatures. Some of the younger immatures 
spend the entire year in the wintering area (off South America) so that perhaps 1,580,000 
birds from UK colonies plus about 11,200 from overseas colonies may be in UK waters 
during the migration periods. Numbers breeding at Rum are not known with confidence as 
that (very large) colony is very difficult to census, and trends in breeding numbers are 
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unclear for Rum, and for other major colonies (Table 6.1). Numbers at Skomer are also 
somewhat uncertain due to the estimated large increase in numbers there when a new 
census methodology was adopted (Perrins et al. 2012). 
 


 
Figure 6.2. Breeding population origins of Manx shearwaters in UK waters during migrations 
and winter. Estimated numbers of breeding pairs in each population are given. Base map 
from OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors. 
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Figure 6.3. Main movements of Manx shearwaters from UK breeding areas (red arrows) and 
from overseas populations (blue arrows) into UK waters during post-breeding 
dispersal/migration. Arrows imply general patterns of movement and should not be taken 
literally as indicating exact routes or exact starting and end points. Similarly, small numbers 
of birds occur in areas not marked by arrows and some birds may move in different 
directions from those broad patterns indicated. Movements probably tend to follow coastlines 
and arrows that cross land do not imply overland migration routes. As far as is known, spring 
return migration represents a reversal of the pattern shown in this figure, except that in 
spring it is thought that birds tend to arrive from further west, crossing the North Atlantic from 
the Grand Banks area. 


6.9 Proportion of UK population from UK breeding SPAs 
The 4 SPAs with breeding Manx shearwaters as a feature together held 219,898 pairs at 
designation, estimated to represent ca. 100% of the British breeding population (Stroud et al. 
2001). These SPA populations continue to represent almost the entire UK population. Stroud 
et al. (2014) estimated that GB SPAs held 96.2% of the GB population in the early 2000s. 
However, a recent census of Skomer found an estimated 316,070 breeding pairs on that 
island, more than twice the expected number (Perrins et al. 2012), suggesting that the total 
for the Skokholm, Skomer and Middleholm SPA is likely to have reached about 350,000 
pairs, considerably increasing the total estimated UK (and world) population size. If this 
recent census is confirmed to be accurate (it used a new census method but is thought by 
Perrins et al. 2012 to be appropriate) this implies that the UK population of Manx 
shearwaters is at least 400,000 pairs, and possibly higher. The UK SPA suite for breeding 
Manx shearwaters still certainly holds very near to 100% of the UK breeding population. 
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Figure 6.4. Locations of the 4 UK SPAs with Manx shearwater as a breeding feature. These 
SPA populations are listed in Table 6.1. From Stroud et al. 1990. 
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Table 6.1. The UK SPA suite for breeding Manx shearwaters. 
SPA Location Pairs Year 


desig-
nated 


Site 
condition 
monitoring* 


Recent 
counts 
(pairs) 


Year Reference 


Western waters & Channel 
St Kilda Western 


Isles 
NW 


<5,000 
or 
1,000 
(Stroud 
et al. 
2001) 


1992 Maintained 
2000 


4,802 1999 Seabird2000 


Rum Inner 
Hebrides 
NW 


61,000 
(1995) 


1982 Maintained 
2003 


120,000 2001 Seabird2000 


Aberdaron 
Coast & 
Bardsey Island 


Wales 
SW 


6,930 
(1996) 


1992  16,183 2001 SCM 
database 


Skomer, 
Skokholm & 
Middleholm 


Wales 
SW 


150,968 
(1998) 


1982  350,000 2011 Perrins et al. 
2012 and in 
litt. 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 


6.10 BDMPS 
The following interpretation is based on the review of literature summarised in sections 6.5, 
6.6 and 6.7. Although Manx shearwater is a highly pelagic species, the migration of this 
species out of, and back into UK waters appears to take place fairly quickly and directly. The 
BDMPS ‘UK Western waters plus Channel’ holds the large colonies in Wales, on Rum and 
St Kilda and a few small colonies. The BDMPS ‘UK North Sea waters’ holds no large 
colonies and no SPA breeding populations of the species and has very few migrant Manx 
shearwaters passing through. All these areas hold no birds in winter, so the BDMPS of 
concern is that for migration seasons. During migration, there will be about 1.6 million 
passing through the ‘UK Western waters plus Channel’ area. Numbers passing through the 
‘UK North Sea waters’ are low, possibly around 8,000-9,000 birds but varying from year to 
year and often much less than this. Details of apportioning are given in Appendix A Tables 
12 and 13. It is estimated that only about 1% of immatures and no adults from UK SPA 
colonies, 1% of adults and immatures from UK non-SPA colonies, and 0.1% of immatures 
and no adults from Iceland, Faroe and Ireland migrate through UK North Sea waters, while 
100% of adults and 70% of immatures from UK SPA colonies migrate through UK western 
waters, together with 80% of adults and 60% of immatures from UK non-SPA colonies 
(numbers in these colonies being trivial by comparison to numbers in SPA colonies), and 1% 
of adults and 3% of immatures from Iceland and Faroe, 5% of adults and 10% of immatures 
from Ireland. Numbers of immatures in UK waters (and so components of these two 
BDMPS) do not sum to 100% because many of the youngest immatures remain in South 
American waters until at least their second year. 
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Figure 6.5. Two defined BDMPS spatial areas for Manx shearwater. The two areas are: ‘UK 
North Sea waters’ and ‘UK Western waters plus Channel’. 


6.11 Proportions of birds from BDMPS in reference regions 
The vast majority of all birds found in these two BDMPS are associated with UK colonies. A 
very small number of birds migrate through from or towards colonies in Ireland, Iceland or 
Faroe, but those numbers are trivial based on the limited evidence. Almost all of the birds 
are from UK colonies and almost all birds in UK colonies are in SPA populations. The 
proportion of the BDMPS that comprises adults from SPA populations can be computed from 
Appendix A Tables 12 and 13. In the UK North Sea BDMPS of 8,507 birds, none are thought 
to be adults from SPA populations since the small numbers passing through the North Sea 
are most likely to be immatures rather than breeders, or birds from Faroe and Iceland. In the 
UK Western Waters plus Channel BDMPS of 1,580,895 birds, 981,970 are estimated to be 
adults from SPA breeding populations, or 62% of the total (most of the rest being immatures 
that originated from these SPA colonies). 


6.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
Since virtually 100% of Manx shearwaters in UK colonies are in SPAs with Manx shearwater 
as a feature, the spatial distribution of SPA birds is virtually identical to that of the population 
as a whole.  
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7. NORTHERN GANNET Morus bassanus 
 Biogeographic 


population with 
connectivity to UK 
waters (adults and 
immatures) 


Numbers in UK 
waters in autumn 
(September-
November) (adults 
and immatures) 


Numbers in UK 
waters in spring 
(December-March) 
(adults and 
immatures) 


Overseas 260,000 108,522 87,606 


UK 923,000 893,730 822,667 


Total 1,180,000 1,002,252 910,273 


 


 Total number of 
birds in BDMPS 
(adults plus 
immatures) 


Number from 
overseas 
populations 
(adults plus 
immatures) 


Number from UK 
breeding 
population (adults 
plus immatures) 


‘Autumn migration’ 
BDMPS (September to 
November) 


   


UK North Sea and Channel 456,298 45,173 411,125 


UK Western waters 545,954 63,349 482,605 


‘Spring migration’ BDMPS 
(December to March) 


   


UK North Sea and Channel 248,385 21,903 226,482 


UK Western waters 661,888 65,703 596,185 


 
Colour coding is green for numbers of birds in UK waters since the numbers are based on 
rather accurately known breeding numbers in UK colonies, and match quite well with 
estimates of numbers at sea from ESAS and general literature (such as Forrester et al. 
2007). Movements of UK gannets are well known from ringing and are less subject to 
recovery bias than for more pelagic seabird species. Numbers visiting UK waters from 
overseas populations are certainly much smaller than numbers from UK colonies, but are 
less certain. There have been studies tracking migrating gannets (deploying geolocators) 
from colonies in Norway and Iceland which indicate movement of adults from those 
populations into and through UK waters, and ringing data also show connectivity, but the 
proportion of birds from those populations visiting UK waters is rather uncertain. However, 
given that numbers from overseas populations coming into UK waters are undoubtedly small 
relative to numbers from UK colonies, overall total numbers are coded green because those 
are mainly determined by numbers from UK colonies. Due to extensive tracking studies of 
breeding adults from many different colonies in different countries, confidence in the 
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movement patterns of gannets is high. However, details of the movements of immature birds 
are less well known, although the general pattern appears to be similar to that of adults but 
with immatures moving further south on average, and migrating later in spring, with youngest 
immatures remaining in wintering areas. There is some uncertainty about numbers at sea 
because much survey work that was boat-based involved data that appear to be biased by 
the stong attraction of gannets towards boats.  
 
Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 14 to 
17. 


7.1 Breeding range and taxa 
Gannet is a monotypic species with core breeding range within the British Isles, but colonies 
also in Norway, Russia, Faroe, Iceland, eastern Canada, Germany and France. Biometrics 
do not seem to vary significantly among populations.  


7.2 Non-breeding component of the population 
Gannets start to breed when 5 years old (BTO Birdfacts; WWT 2012). Adult survival rate is 
0.92 (BTO Birdfacts; WWT 2012), juvenile survival 0.42 (BTO Birdfacts) and mean 
productivity is 0.684 chicks per pair (JNCC database, n=97 measurements). Survival of 
immatures was retained at 0.42 for juveniles, 0.83 for 1-year olds, 0.89 for 2-year olds, and 
0.92 for older age classes. The model population comprised 55% adults, 19% juveniles and 
26% older immatures. There are 0.81 immatures per adult. 


7.3 Phenology 
Breeding colonies are not completely deserted until mid-November, but modal departure 
occurs in late September (Pennington et al. 2004; Forrester et al. 2007). However, autumn 
dispersal/migration starts in August (Cramp et al. 1977-94; Wernham et al. 2002; Pennington 
et al. 2004; Forrester et al. 2007). Peak autumn migration occurs in September in Shetland 
(Pennington et al. 2004) and in English waters (Brown and Grice 2005), late September in 
Scotland (Forrester et al. 2007), September-October in the UK (Wernham et al. 2002), 
September-November throughout Europe (Cramp et al. 1977-94), and October in Belgium 
(Vanermen et al. 2013). Peak numbers observed in autumn at Trektellen seawatching UK 
sites (predominantly in south and east England) occurred in mid-September although 
seasonal pattern was not very pronounced in that data set (Figure 7.1). Autumn migration is 
completed by November (Wernham et al. 2002; Pennington et al. 2004; Forrester et al. 
2007) or December if considering southern areas of Europe as well (Cramp et al. 1977-94).  
 
Spring migration starts in December- January (Wernham et al. 2002; Pennington et al. 2004) 
early January (Forrester et al. 2007) or January (Cramp et al. 1977-94). Peak spring 
migration occurs in February-March (Pennington et al. 2004), February-April in Belgium 
(Vanermen et al. 2013), early March (Forrester et al. 2007), March (Wernham et al. 2002) or 
March-April (Cramp et al. 1977-94). Peak numbers observed in spring at Trektellen 
seawatching UK sites (predominantly in south and east England) occurred in late-January 
and February (Figure 7.1). Spring migration is completed by late March (Pennington et al. 
2004; Forrester et al. 2007) or early May (Wernham et al. 2002) or May (Cramp et al. 1977-
94).  
 
The first spring records of gannet in Shetland, Fair Isle, Orkney, and Argyll Bird Reports for 
2007 to 2012 were predominantly in early January and the last records were predominantly 
in late December, as some gannets overwinter, while peak autumn migration was reported in 
August to October in most years, and peak spring migration was reported in March or 
March-April in most years, but sometimes in January or February. Breeding sites are re-
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occupied from early January, with modal re-occupation in mid-February to mid-March 
(Pennington et al. 2004; Forrester et al. 2007). 
 


Figure 7.1. Average numbers of gannets counted per hour at migration sites in the UK 
(which are mostly in south or east England). Data from Trektellen database accessed from 
the internet in January 2014. 
 
Kober et al. (2010) defined breeding season as May-September, non-breeding season 
October-April. However, from the data reviewed above, a more appropriate definition would 
be breeding season March-September, non-breeding season October-February. 


7.4 Defined seasons: 
• UK Breeding season      March-September 


o Migration-free breeding season  April-August 
• Non-breeding season     October-February 


o Post-breeding migration in UK waters  September-November (autumn 
BDMPS2) 


o Migration-free winter season   None 
o Return migration through UK waters   December-March (spring 


BDMPS) 


Apart from the breeding season, two seasonal BDMPS periods are considered to be 
appropriate for northern gannet: 


‘Autumn’ (post-breeding) migration season BDMPS (September-November); and 


‘Spring’ (pre-breeding) migration season BDMPS (December-March). 


7.5 Movements of birds from the UK population 
Gannets leave colonies mainly in August-October. Chicks fledge with large fat stores and 
begin migration by swimming, independent from their parents (Wernham et al. 2002) until 
their fat load is reduced. Fledglings generally move south quite rapidly; for example, birds 
ringed on the sea below the colony on Noss moved an average of 60 km per day during their 


2 Seasons for which BDMPS have been generated are annotated (BDMPS). 
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first 10-16 days (Wanless and Okill 1994) so clearly do not remain flightless for long. Adults 
from colonies in the UK do not necessarily move directly southwards in autumn, but may 
move to areas with abundant food for some time in late summer before heading towards 
their wintering area. On the basis of ring recovery data and observations of gannets on 
migration and in winter, Nelson (1978, 2002) suggested that most gannets breeding at the 
Bass Rock probably spend the winter in the North Sea or no further south than the Channel. 
Geolocators were fitted to experienced breeding gannets on the Bass Rock in 2002 and 
2003 (Kubetzki et al. 2009). Birds attended the colony until between 24 September and 16 
October (median 5 October). Although gannets fly at an average speed of about 58 km per 
hour (Garthe et al. 2007), migration took up to four weeks to complete, as birds spent 
considerable amounts of time sitting on the water or foraging locally rather than travelling 
consistently towards their goal, so net movement was often only 200 to 400 km per day. Of 
the 22 birds tracked until at least December, 18% wintered in the North Sea and the English 
Channel, 27% in the Bay of Biscay and the Celtic Sea, 9% in the Mediterranean Sea and 
45% off West Africa. Birds wintering off West Africa migrated to their wintering areas mostly 
within 3 to 5 weeks, usually starting between early and late October. Most of these birds 
stayed off West Africa for a period of about 3 months, where they remained in a relatively 
restricted area. Individual winter home ranges as measured by the 75% kernel density 
contours varied between 8100 and 308 500 km2 (mean = 134 000 km2). Return migration 
was initiated between the end of January and mid-February, and took about as long as 
autumn migration. Kubetzki et al. (2009) inferred that the migration habits of gannets may be 
changing in response to human impacts on marine ecosystems, as the proportion of Bass 
Rock breeding adults that wintered within the North Sea was much smaller than appears to 
have been the case in earlier decades, whereas increased proportions were wintering off 
west Africa, where adult plumaged gannets had previously been relatively scarce. This trend 
was even more evident when loggers were deployed on Bass Rock gannets in 2008; none of 
the birds overwintered as far north as the North Sea that year (Garthe et al. 2012). These 
results are in strong contrast to the previously established view that adult gannets from the 
Bass Rock predominantly winter in the North Sea and only extremely exceptionally travel as 
far as Africa. Kubetzki et al. (2009) suggest that gannet migration behaviour may have 
changed in recent years, in response to changes in fish stocks and fisheries. In particular, 
amounts of fish discarded in the North Sea have been drastically reduced in recent years, 
whereas large fisheries have developed on the west African continental shelf and large 
quantities of discards are generated in that region (Meraz Hernando 2011). Almost all 
gannets (over 88%) seen on the west African shelf occur behind fishing vessels 
(Camphuysen and van der Meer 2005). In support of this suggested change in gannet winter 
distribution, Garthe (unpublished) analysed the ESAS database and found that the numbers 
of adult-plumaged gannets present in the North Sea in winter have declined since the 1980s 
despite very large increases in the gannet population. None of the birds carrying loggers 
wintered over deep water; all were on the continental shelf sea, wintering in areas where 
there are large fisheries as well as large stocks of pelagic fish (Meraz Hernando 2011). For 
birds where the logger data indicated migration routes used by breeding adults from the 
Bass Rock, twelve individuals migrated southwards through the English Channel, and eight 
left the North Sea around the north coast of Scotland and flew southwards west of the British 
Isles. On spring northward migration, only three birds moved back into the North Sea 
through the English Channel, while six moved into the North Sea around the north of 
Scotland (some loggers failed to record spring migration route because battery power was 
depleted). Birds that left in autumn through the Channel did not consistently return by the 
same route but in several cases moved north by a westerly route. A further deployment of 
loggers on Bass breeding adults in summer 2008 showed similar results (Garthe et al. 
2010). On southward migration, 14 left the North Sea through the English Channel, and 
seven around the north of Scotland (apparently none of these birds flew overland from the 
North Sea to the Irish Sea or Atlantic). On northward migration in early spring, five entered 
the North Sea through the English Channel, and 16 flew up the west coast of Ireland and 
into the North Sea around the north of Scotland. Wernham et al. (2002) concluded that 
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distributions of gannet ring recoveries from different areas of Britain and Ireland, and 
recoveries from other European countries, show that gannets from all east Atlantic colonies 
intermingle in winter, distributed over a large area from the North Sea to west Africa. There 
is no clear evidence from ringing data that gannets from colonies in Britain and Ireland show 
differences among colonies in their wintering areas (Thomson 1974; Veron 1988; Wernham 
et al. 2002; Veron and Lawlor 2009). However, ringing effort has been high at the Bass 
Rock, moderate at Ailsa Craig, Hermaness, Grassholm and Great Saltee, and low or non-
existent at other colonies. In particular, very little gannet ringing has been done at St Kilda, 
Sule Stack or Sula Sgeir, long-established and large colonies that represent a high 
proportion of the population and that are all located in the NW of the British Isles.  


7.6 Movements of birds from overseas into UK waters 
Ring recoveries from Faroese gannets suggest that those birds also share much the same 
winter distribution, but half of those birds were recovered as juveniles and wintering areas of 
adults were thought to be further north than most of these recoveries (Hammer et al. 2013). 
Deployment of geolocation loggers on breeding adult gannets from a variety of colonies 
showed evidence of different wintering areas used by birds from particular populations (Fort 
et al. 2012), although birds from all studied colonies were in UK waters in October. Their 
analysis showed that maximum distance between the colony and wintering area was similar 
across colonies despite their wide latitudinal range, strongly suggesting oriented chain 
migration (a pattern in which populations move uniformly southward). About 50% of the 
winter position fixes of birds from two Norwegian colonies were in UK waters (in the North 
Sea, west of Scotland, Channel, and Celtic Sea; see also Pettex et al. 2010). About 15% of 
the winter position fixes of birds from the Bass Rock were in UK waters (in the southern 
North Sea, Channel, and Celtic Sea). About 15% of the winter position fixes of birds from 
Rouzic (France) were in UK waters (almost all in the Celtic Sea). Less than 5% of the winter 
position fixes of birds from Grassholm were in UK waters. More recently, 12 loggers 
deployed on gannets at a colony in Iceland in summer 2010 were recovered in summer 2011 
and preliminary analysis of these loggers indicates that the Icelandic gannets wintered from 
west Africa to west of Scotland (Garthe, Furness, Montevecchi and Halgrimsson 
unpublished data). During autumn migration, some of these birds passed through the North 
Sea and English Channel (5 out of 12) whereas in spring all returned northwards past the 
west of Ireland. Ringing studies indicate that immature gannets tend to winter further south 
than adults from the same population (Wernham et al. 2002). Wintering areas used by 
gannets breeding at colonies in Shetland and off NW Scotland have not been determined; 
no birds from those colonies have been equipped with geolocators and very few have been 
ringed. However, it seems likely that they will show patterns intermediate between colonies 
to the north (Norway and Iceland) and colonies to the south (Bass Rock, Grassholm, 
Rouzic). These data would suggest that a relatively small proportion of adult gannets from 
UK colonies overwinter in UK waters (and an even smaller proportion of immatures), 
whereas a relatively high proportion of adult gannets (but small proportion of immatures) 
from Norwegian and Icelandic colonies overwinter in UK waters. There are around 220,000 
pairs in UK colonies, 36,000 pairs in Ireland, 5,950 pairs in the Channel Islands, 17,000 pairs 
in France, 28,500 pairs in Iceland, and 4,500 pairs in Norway (Wanless et al. 2005), 2,500 
pairs in the Faroes (Hammer et al. 2013), about 632 pairs in Germany (Helgoland) (J. 
Dierschke in litt to JNCC July 2013) and a handful of pairs in Russia (Wanless et al. 2005). 
The fact that the UK population is by far the largest of these suggests that most gannets 
overwintering in southern UK waters are probably from UK colonies, whereas in the North 
Sea and off west Scotland, there may be a fairly high proportion of birds from Norwegian and 
Icelandic colonies. However, more data on movements of birds from those colonies would 
be needed to quantify these proportions accurately. 
 
In the North Sea, gannets in summer show distributions that relate to the locations of 
breeding colonies (Langston et al. 2013), with birds travelling out from the colony to forage 
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up to 540 km (and into Norwegian waters) from the colony in the case of the largest colonies 
such as the Bass Rock (Hamer et al. 2001), predominantly on pelagic fish such as sandeels, 
herring and mackerel. Foraging ranges from smaller colonies are much shorter. Foraging 
ranges of gannets breeding in Norwegian colonies are small, which relates at least in part to 
the small size of those colonies so less competition among foraging adults. Birds equipped 
with GPS trackers at two Norwegian colonies while breeding fed no more than 22 km from 
their colony in 2007, no more than 56 km in 2008 and no more than 49 km in 2009 (Pettex et 
al. 2010) so would not have entered UK waters during their breeding foraging trips. A similar 
situation probably applies for Faroese and Icelandic breeding gannets. Birds breeding at 
Irish colonies apparently avoid foraging during the breeding season close to areas used by 
gannets breeding in UK colonies, so that few gannets in UK waters in summer are likely to 
be from Irish colonies (Wakefield et al. 2013). However, gannets from the colonies in the 
Channel Islands apparently forage in UK waters of the western English Channel while 
breeding (Wakefield et al. 2013).  
 
Many immature gannets, particularly of the 3 and 4 year old cohorts, attend colonies during 
the summer (mostly from May to August so for a shorter period than breeding adults are 
present), and those birds tend also to show ‘Central Place foraging’ with their feeding flights 
radiating out from the colony, but over larger areas of sea than used by breeding adults 
(Votier et al. 2011).  


7.7 Numbers in UK waters 
Tasker et al. (1985) found that about 60% of gannets in the southern North Sea in summer 
were immatures, whereas in the northern North Sea this was only 20%. In winter, there are 
few immature gannets in the North Sea (fewer than 7% of all records), and densities of 
adults are lower than in summer (Tasker et al. 1985). Tasker et al. (1985) reported an 
average across the North Sea of 0.4 gannets per km2 in October but only 0.04 per km2 in 
December to February. Gannet distribution in the North Sea show a stronger correlation in 
winter with the distribution of fishing vessels, as they scavenge extensively on trawl fishery 
discards in winter when pelagic fish are less available (Garthe et al. 1996). Off the west of 
Britain, gannets were found to be present in relatively much lower numbers in winter than in 
summer, with gannets in winter mostly associated with fishing vessels (Webb et al. 1990). 
Surprisingly few occurred within the Irish Sea at any time of year with peak abundance there 
(in September) still below 0.5 birds per km2 (Webb et al. 1990). However, large numbers of 
adults and immatures feed at the shelf-edge in the SW Approaches, in the western English 
Channel and Celtic Sea in November to February (Stone et al. 1995; White and Reid 1998; 
Brown and Grice 2005). Forrester et al. (2007) consider that ‘a few thousand’ may be in 
Scottish waters during winter, but they define winter as December to February, while also 
noting that gannets may be back on nest sites from the start of January, whereas lowest 
numbers at sea in Scottish waters may occur in late November or early December.   


7.8 Biogeographic population 
Stroud et al. (2001) defined the biogeographic breeding population as that of the entire 
species’ population, comprising 263,000 pairs. However, Mitchell et al. (2004) provided a 
revised estimate of this population as 390,000 pairs. Kober et al. (2010) presented an 
estimated biogeographic population of 1,160,000 individuals. Birds in UK waters may 
originate from colonies in UK (255,500 pairs), Ireland (36,000 pairs), Iceland (28,500 pairs), 
Faroe (2,500 pairs), Norway (4,500 pairs) or Germany (632 pairs) (Mitchell et al. 2004, 
updated by Wanless et al. 2004, and Dierschke in litt). This gives a biogeographic population 
with connectivity to UK waters of 327,600 pairs, or 655,000 adults. Associated with this will 
be about 530,000 immatures, giving a total of around 1,180,000 individuals. 
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Figure 7.2. Breeding population origins of gannets in UK waters during migrations and 
winter. Estimated numbers of breeding pairs in each population are given. Base map from 
OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors.  
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Figure 7.3. Main movements of gannets from UK breeding areas (red arrows) and from 
overseas populations (blue arrows) into UK waters during post-breeding dispersal/migration. 
Arrows imply general patterns of movement and should not be taken literally as indicating 
exact routes or exact starting and end points. Similarly, small numbers of birds occur in 
areas not marked by arrows and some birds may move in different directions from those 
broad patterns indicated. Movements probably tend to follow coastlines and arrows that 
cross land do not imply overland migration routes. 
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Figure 7.4. Main movements of gannets to UK breeding areas (red arrows) and by overseas 
populations (blue arrows) through UK waters during ‘spring’ migration. Arrows imply general 
patterns of movement and should not be taken literally as indicating exact routes or exact 
starting and end points. Similarly, small numbers of birds occur in areas not marked by 
arrows and some birds may move in different directions from those broad patterns indicated. 
Movements probably tend to follow coastlines and arrows that cross land do not imply 
overland migration routes. Note that spring migration routes differ from those in autumn as 
very few birds migrate through the southern North Sea in spring; most birds returning to 
colonies in the North Sea do so past the west of Scotland. 
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Figure 7.5. Rate of increase in breeding numbers of gannets at each colony in relation to 
original size of the colony in 1969. Larger colonies grow more slowly. From Wanless et al. 
(2004). The data are historical but are presented as an example of a pattern that appears to 
be typical; smaller colonies tend to grow faster than larger colonies, implying density-
dependence, probably of recruitment as there is no evidence of reduced productivity in large 
colonies, and no evidence (though based on very limited data) of differences in adult survival 
rates between large and small colonies.  


7.9 Proportion of UK population from UK breeding SPAs 
The 10 SPAs with breeding gannets as a feature designated before 2000 together held 
197,127 pairs at designation, estimated to represent ca. 98% of the British breeding 
population (Stroud et al. 2001). Almost all of these populations have increased in numbers 
since designation, and smaller colonies have tended to increase more rapidly than the 
largest colonies (Figure 7.5). Therefore, the proportion of the population in colonies that are 
not SPAs with gannet as a feature will have increased slightly since designation was 
completed. Several colonies that are SPAs for seabirds but held too few gannets for that 
species to qualify as a feature now hold large enough numbers to qualify (Table 7.1). For 
example, there were 2,787 pairs at Troup, Pennan and Lion’s Heads SPA in 2010, 2,760 
pairs on the Flannans SPA in 2004, both of which exceed the 1% of UK population threshold 
numbers based on the current population estimate of 220,000 pairs. However, even with the 
smaller colonies growing faster than SPA populations, the SPA suite still held 95.9% of the 
GB population around 2004 (Stroud et al. 2014), and this percentage is likely to remain 
around 95% in the near future. 
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Figure 7.6. The UK SPA suite for gannet. These SPA populations are listed in Table 7.1. 
 
Table 7.1. The UK SPA suite for breeding gannets and data for other major colonies. 
SPA Location Pairs Year 


desig-
nated 


Site 
Condition 
Monitoring* 


Recent 
count 


Year Reference 


UK North Sea & Channel 


Hermaness, 
Saxavord & 
Valla  


Shetland 12,000 
(1994) 


1994 Maintained 
2008 


15,633 
24,353 


2003 
2008 


Wanless et al. 
2005 
Lewis et al. 
2012 


Noss Shetland 7,310 
(1994) 


1996 Maintained 
2008 


8,652 
9,767 


2003 
2008 


Wanless et al. 
2005 
Lewis et al. 
2012 


Foula Shetland Not yet 
listed as a 
qualifying 
feature 


  220 
280 
600 
723 
919 
1,370 


1990 
1991 
1994 
2000 
2004 
2007 


SCM database 
SCM database 
SCM database 
SCM database 
SCM database 
SCM database 
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Fair Isle Shetland 1,166 1994 Maintained 


2001 
3,968 
4,085 
3,862 
3,924 


2010 
2011 
2012 
2013 


Lewis et al. 
2012 
Lewis et al. 
2012 
SCM database 
SCM database 


West Westray Orkney Not yet 
listed as a 
qualifying 
feature 


1996  167 
345 
499 
583 
600 
623 


2007 
2008 
2009 
2010 
2011 
2012 


SCM database 
SCM database 
SCM database 
SCM database 
SCM database 
SCM database 


Troup, Pennan 
and Lion’s 
Heads 


NE 
Scotland 


Not yet 
listed as a 
qualifying 
feature 


1997  545 
1,085 
1,228 
1,547 
1,810 
2,787 


1995 
1998 
2001 
2004 
2007 
2010 


SCM database 
SCM database 
SCM database 
SCM database 
SCM database 
SCM database 


Forth Islands E 
Scotland 


21,600 
(1985) 
Or 
34,400 
(Stroud et 
al. 2001) 


1990 Maintained 
2004 


34,397 
48,065 
55,482 


1995 
2004 
2009 


Mitchell et al. 
2004 
Lewis et al. 
2012 
Lewis et al. 
2012 


Flamborough 
Head & 
Bempton 
(to be 
subsumed into 
Flamborough 
and Filey 
Coast SPA 
subject to 
consultation)  


E England 2,501 
(Stroud et 
al. 2001) 


1993  3,940 
3,480 
6,487 
7,859 
11,061 


2004 
2005 
2008 
2009 
2012 


Wanless et al. 
2005 
SCM database 
SCM database 
SCM database 
SCM database 


Flamborough 
and Filey 
Coast pSPA 


E England 8,469 
(2008-
2012) 


Not yet  As 
above 


 As above 


UK Western waters 


Sule Skerry 
and Sule 
Stack 


N 
Scotland 


4,890 
(1994) 


1994 Maintained 
2004 


4,675 2004 Wanless et al. 
2005 


North Rona 
and Sula Sgeir 


N 
Scotland 


10,400 
(1994) 
Or 
9,000 
(Stroud et 
al. 2001) 


2001 Not reported 10,703 
9,225 


1999 
2004 


Lewis et al. 
2012 
Wanless et al. 
2005 


St Kilda Western 
Isles 


50,050 
(1985) 
Or 
60,400 
(Stroud et 
al. 2001) 


1992 Maintained 
2000 


60,428 
59,622 


1995 
2004 


Mitchell et al. 
2004 
Wanless et al. 
2005 


Flannan Isles Western 
Isles 


Not yet 
listed as a 
qualifying 
feature 


1992  414 
679 
1,438 
1,244 
2,760 


1988 
1992 
1994 
1998 
2004 


SCM database 
SCM database 
SCM database 
SCM database 
SCM database 
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Ailsa Craig W 


Scotland 
23,000 
(1987) 
or  
32,460 
(Stroud et 
al. 2001) 


1990 Maintained 
2004 


32,456 
27,130 


1995 
2004 


Mitchell et al. 
2004 
Wanless et al. 
2005 


Grassholm Wales 33,000 
(1994) 


1986  32,094 
39,292 


2004 
2009 


Wanless et al. 
2005 
SCM database 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 


7.10 BDMPS 
UK gannet numbers are much larger than numbers in Iceland, Norway, Faroe, so that UK 
birds, almost all of which are from SPA populations, generally predominate throughout UK 
waters. Gannets migrate southwards after initial autumn dispersal which can be northwards 
or southwards but birds tend to remain on or at the edge of the continental shelf rather than 
going into deep oceanic waters. Northern parts of UK waters see a large reduction in gannet 
numbers from ‘autumn’ (September-October) into ‘winter’ (November) and then increasing 
numbers with return migration in December to March. This could suggest three seasonal 
divisions: autumn, winter, and spring. However, in southern UK waters there seems to be 
little evidence of a distinct ‘winter’ period with low numbers and no migration activity, and 
numbers recorded monthly at offshore wind farm development sites show little or no winter 
minumim of numbers, and so it may be more appropriate to define two seasonal periods; 
‘autumn’ (September-November) and ‘spring’ (December-March). These two migration 
seasons cannot be aggregated into a single non-breeding period because the migration 
routes used by gannets are distinctly different in autumn and spring; many birds migrate 
southwards through UK North Sea waters in autumn, but most migrate northwards in UK 
western waters in spring, even if returning towards UK North Sea breeding colonies. It 
makes sense to separate UK North Sea waters from UK western waters as separate 
BDMPS because the contributions of birds from particular SPA populations differ 
considerably between these two areas as a result of gannets rarely migrating overland. 
 
The contributions of individual UK SPA populations, UK non-SPA populations, and overseas 
populations in the four BDMPS (UK North Sea and Channel autumn, UK North Sea and 
Channel spring, UK western waters autumn, UK western waters spring) are presented in 
detail in Appendix A Tables 14 to 17.  
 
Based on evidence reviewed in sections 7.5, 7.6 and 7.7, it is estimated that 80% of adults 
and 80% of immatures from Shetland colonies are in the UK North Sea and Channel autumn 
BDMPS, as are 100% of adults and 90% of immatures from colonies in eastern Scotland 
and England, 10% of adults and 20% of immatures from colonies in the northern part of UK 
western waters (from north Scotland to St Kilda), 0% of adults and 10% of immatures from 
the southern part of UK western waters (from Ailsa Craig to Wales), 30% of adults and 
immatures from Iceland, Norway, Faroe, 0% of adults and 10% of immatures from Ireland, 
and 30% of adults and 40% of immatures from Germany. These sum to a total of 45,174 
birds from overseas and 411,125 birds from UK populations, a total of 456,298 overall 
(Appendix A Table 14). 
 
Based on evidence reviewed in sections 7.5, 7.6 and 7.7, it is estimated that 20% of adults 
and 10% of immatures from Shetland colonies are in the UK western waters autumn 
BDMPS, as are 0% of adults and 10% of immatures from colonies in eastern Scotland and 
England, 90% of adults and 70% of immatures from colonies in the northern part of UK 
western waters (from north Scotland to St Kilda), 100% of adults and 80% of immatures from 
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the southern part of UK western waters (from Ailsa Craig to Wales), 20% of adults and 30% 
of immatures from Iceland, Norway, Faroe, and Ireland, and 0% of adults and 0% of 
immatures from Germany. These sum to a total of 63,359 birds from overseas and 482,605 
birds from UK populations, a total of 545,954 overall (Appendix A Table 15). 
 
Based on evidence reviewed in sections 7.5, 7.6 and 7.7, it is estimated that 70% of adults 
and 40% of immatures from Shetland colonies are in the UK North Sea and Channel spring 
BDMPS, as are 70% of adults and 40% of immatures from colonies in eastern Scotland and 
England, 0% of adults and 0% of immatures from colonies in UK western waters (from north 
Scotland to Wales), 10% of adults and immatures from Iceland, 20% of adults and 
immatures from Norway and Faroe, 0% of adults and 10% of immatures from Ireland, and 
30% of adults and 30% of immatures from Germany. These sum to a total of 21,903 birds 
from overseas and 226,482 birds from UK populations, a total of 248,385 overall (Appendix 
A Table 16). This lower number in the UK North Sea and Channel BDMPS in spring than in 
autumn reflects the observation that many gannets migrating back towards colonies in the 
North Sea do so up the west coast of Scotland rather than through the North Sea, so are 
present in western waters during most of spring migration.  
 
Based on evidence reviewed in sections 7.5, 7.6 and 7.7, it is estimated that 30% of adults 
and 30% of immatures from North Sea colonies are in the UK western waters spring 
BDMPS, as are 100% of adults and 80% of immatures from colonies in UK western waters 
(from north Scotland to Wales), 20% of adults and 20% of immatures from Iceland and 
Norway, 30% of adults and immatures from Faroe and Ireland, and 0% of adults and 0% of 
immatures from Germany. These sum to a total of 65,703 birds from overseas and 596,185 
birds from UK populations, a total of 661,888 overall (Appendix A Table 17). The higher 
number in the UK western waters BDMPS in spring than in autumn reflects the observation 
that many gannets migrating back towards colonies in the North Sea do so up the west coast 
of Scotland rather than through the North Sea, so are present in western waters during most 
of spring migration.  
 
 
 


  64 | P a g e  
 







 


 


 
Figure 7.7. Two defined BDMPS spatial areas for gannet; ‘UK North Sea and Channel’ and 
‘UK Western waters’. 


7.11 Proportions of UK SPA birds in each BDMPS 
Since over 95% of UK gannets are in SPA populations, the proportion of UK SPA birds in 
each BDMPS is virtually the same as the proportion that is from UK colonies. The 
proportions that are adult SPA birds in each BDMPS total can be computed from data in 
Appendix A Tables 14-17. For example, in the UK North Sea BDMPS in autumn, there are 
208,661 adults from UK breeding gannet SPA populations out of a total of 456,298 birds, 
giving a proportion of 46% being adults from UK SPA populations. 


7.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
Since over 95% of UK gannets are in SPA populations, the geographical distribution of UK 
SPA birds is virtually identical to that of the UK population as a whole. During migrations 
gannets range widely, and are likely to be thoroughly mixed with birds from other populations 
across each BDMPS range. 
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8. GREAT CORMORANT Phalacrocorax carbo 
 Biogeographic population 


with connectivity to UK 
waters (adults and immatures) 


Numbers in UK waters in non-
breeding season (September to 
March) (adults and immatures) 


Overseas 285,000 1,470 


UK 39,000 31,653 


Total 324,000 33,123 


 


‘Non-breeding season’ 
BDMPS (September to 
March) 


Total number of 
birds in BDMPS 
(adults plus 
immatures) 


Number from 
overseas 
populations 
(adults plus 
immatures) 


Number from UK 
population 
(adults plus 
immatures) 


NW North Sea 6,012 98 5,914 


SW North Sea & Channel 10,460 1,107 9,353 


West of Scotland 7,049 56 6,993 


SW England & Wales 9,602 209 9,393 


 
Colour coding is green for numbers from UK colonies in each BDMPS since the locations 
and sizes of cormorant colonies are well known from survey data and breeding numbers 
have shown only small changes in total numbers in the UK over recent years, apparently 
peaking around 2000 and declining slightly since then back to totals similar to those present 
in the mid-1980s. Colour coding for numbers of cormorants arriving into UK waters from 
overseas is red in recognition of the fact that the proportions of overseas populations visiting 
UK are not well known, although numbers of cormorants present in winter have been 
estimated and indicate that very few overseas birds are present in most of the UK apart from 
the southern North Sea. Even in the southern North Sea, continental cormorants represent 
only a small proportion of the total present, considerably outnumbered by UK birds, so that 
total numbers are mainly determined by the UK numbers, and so are coded green. 


Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 18 to 
21. 


8.1 Breeding range and taxa 
There are six subspecies of great cormorant which is a widely distributed species around the 
world. However, only two of these subspecies occur in the British Isles; nominate carbo 
breeds in Britain but also the Atlantic coast of Fennoscandia, Iceland and Greenland and 
breeds mainly at coastal colonies, and sinensis breeds mainly at freshwater colonies from 
northern France to the Baltic Sea and eastwards into China. Although most British and Irish 
cormorants are of the nominate race carbo, some cormorants breeding in Britain and Ireland 
at freshwater sites are of the continental race sinensis (Sellers et al. 1997). There might be 
potential to identify origins of individual cormorants from biometrics, but this does not seem 
to have been investigated. Although most cormorants found in UK waters are from the carbo 
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subspecies, substantial numbers of birds of the sinensis subspecies visit UK waters on 
migration and overwinter, these sinensis birds being found predominantly in UK southern 
North Sea waters and being scarce in other parts of the UK marine area. 


8.2 Non-breeding component of the population 
Great cormorants start to breed when 3 years old (BTO Birdfacts). Adult survival rate is 0.88 
(BTO Birdfacts), juvenile survival 0.58 (BTO Birdfacts) and mean productivity is 1.913 chicks 
per pair (JNCC database, n=62 measurements). To obtain a stable population, survival of 
immatures was adjusted to 0.5 for juveniles, 0.6 for 1-year olds and 0.7 for 2-year olds. The 
model population comprised 46% adults, 30% juveniles and 24% older immatures. There are 
1.17 immatures per adult. 


8.3 Phenology 
Breeding colonies are not completely deserted until September (Brown and Grice 2005), but 
modal departure occurs in late June and July (Pennington et al. 2004; Forrester et al. 2007). 
However, autumn migration starts in mid-June (Cramp et al. 1977-94), July/August 
(Wernham et al. 2002; Forrester et al. 2007), or mid-August (Pennington et al. 2004). Peak 
autumn migration occurs in August-October (Cramp et al. 1977-94), September (Forrester et 
al. 2007), mid-September (Pennington et al. 2004), September-November (Wernham et al. 
2002). Peak numbers observed in autumn at Trektellen seawatching UK sites 
(predominantly in south and east England) occurred in late July and August (Figure 8.1). 
Autumn migration is completed by early November (Forrester et al. 2007), mid-November 
(Pennington et al. 2004) or November (Cramp et al. 1977-94; Wernham et al. 2002), 
excluding a few stragglers still moving in mid-late November.  
 
Spring migration starts in January (Wernham et al. 2002), mid-January (Cramp et al. 1977-
94), early March (Pennington et al. 2004) or March (Forrester et al. 2007). Peak spring 
migration occurs in February-March (Cramp et al. 1977-94; Wernham et al. 2002) or April 
(Pennington et al. 2004) or April-May (Forrester et al. 2007). Peak numbers observed in 
spring at Trektellen seawatching UK sites (predominantly in south and east England) 
occurred in late January to late-March (Figure 8.1). Spring migration is completed by early 
April (Cramp et al. 1977-94), May (Wernham et al. 2002) or late May (Pennington et al. 
2004; Forrester et al. 2007).  
 
The first spring records of cormorant in Shetland, Fair Isle, Orkney, and Argyll Bird Reports 
for 2007 to 2012 were predominantly from 1 January and the last records were 
predominantly at 31 December, as cormorants overwinter, while peak autumn migration was 
reported in August to October in most years, and peak spring migration was reported in 
March to May in most years. Birds re-occupy breeding sites from February or March, but 
modal re-occupation occurs in March (Pennington et al. 2004; Brown and Grice 2005; 
Forrester et al. 2007). 
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Figure 8.1. Average numbers of great cormorants counted per hour at migration sites in the 
UK (which are mostly in south or east England). Data from Trektellen database accessed 
from the internet in January 2014. 
 
Kober et al. (2010) defined breeding season as April-August, non-breeding season 
September-March. 


8.4 Defined seasons: 
• UK Breeding season     April-August 
• Post-breeding migration in UK waters  August-October (with a few in July and 


November) 
• non-breeding season     September-March (non-breeding 


BDMPS) 
• Return migration through UK waters   February-April 
• Migration-free breeding season  May-July 
• Migration-free winter season   November-January 


Apart from the breeding season, one seasonal BDMPS period is considered to be 
appropriate for great cormorant: 


Non-breeding season BDMPS (September-March). 


8.5 Movements of birds from the UK population 
Birds from British and Irish coastal colonies mostly overwinter near to their breeding site in 
coastal habitat (Wernham et al. 2002), but some move onto freshwater habitat in winter 
(Bearhop et al. 1999). In England, birds show a progressive movement from coastal areas to 
freshwater sites from September to December (Brown and Grice 2005). The proportion 
using freshwater habitat in winter has increased (Rehfisch et al. 1999), but is likely to vary 
according to winter weather, with birds moving back to marine habitats if freshwater sites 
freeze over. A small proportion of breeders move longer distances south to winter in France 
or northern Iberia. Long distance movements are more frequent among immatures, 
especially juveniles (Wernham et al. 2002). Ringing data suggest that birds hardly move 
south from breeding areas until October, and reach maximum distance south in November, 
slowly moving northwards from December to May (Wernham et al. 2002). However, it is 
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evident from observation that birds depart from breeding colonies from July onwards 
(Wernham et al. 2002) so presumably initial dispersal is of a very limited scale. Almost all 
adult recoveries are in the breeding area from March onwards, while northward movements 
of immatures in spring occur later than those of adults (Wernham et al. 2002). There are 
regional differences around the British Isles in distances and directions moved by 
cormorants in autumn/winter (Coulson and Brazendale 1968; Wernham et al. 2002). 
Cormorants from Shetland and Orkney rarely move further south than southern Scotland or 
northern England. Cormorants from west England may cross the Irish Sea into Ireland, but 
the predominant direction of movement of those birds is southeastwards into SE England. 
Cormorants from Wales are the ones most likely to winter inland, predominantly moving to 
freshwater sites in England. Cormorants from SW England are the ones most likely to winter 
in Iberia or France. Cormorants tend to be faithful to their particular wintering site; colour 
ringed birds tend to be observed at their preferred wintering site both within and between 
winters (Wernham et al. 2002). Most immature cormorants tend to spend the summer close 
to colonies, although a few may summer in wintering areas.  


8.6 Movements of birds from overseas into UK waters 
Apart from Irish cormorants moving in small numbers into English freshwater habitat, most 
foreign-ringed cormorants recovered in the British Isles have been juvenile or immature birds 
recovered in SE England (where there used to be few breeding colonies). Most recoveries 
have been in winter, indicating some movement of immatures from continental populations 
of sinensis. These birds, predominantly from the Netherlands, Denmark, or France 
(Wernham et al. 2002) represent about 2.5% of the British wintering population of 
cormorants (but 20% of those wintering in freshwater habitat in England), but almost entirely 
located in SE England. A few of these birds have recruited to breed in SE England. 
Cormorants ringed as chicks at inland colonies show movement patterns different from UK 
carbo birds and more like those of continental sinensis birds (Wernham et al. 2002). 
Typically, sinensis birds migrate further southwards in winter. Many inland reared birds move 
south into France rather than overwintering in the UK, especially when young. Seabird 2000 
reported 8,884 pairs in UK (but numbers have since declined slightly), 4,100 pairs in Ireland, 
40,126 pairs in Denmark, 25,150 pairs in Norway, 19,205 pairs in the Netherlands, and 
1,500 pairs in France (Mitchell et al. 2004), so populations in Norway, Denmark and the 
Netherlands are considerably larger than the population in the UK, but only a very small 
proportion of the birds from those continental populations visit the UK. 


8.7 Numbers in UK waters 
Highest numbers wintering in marine habitat in English waters occur in coastal areas in NW 
England (Brown and Grice 2005). However, ESAS data are not informative about cormorant 
numbers at sea because their distribution tends to be very coastal, in a band that is 
generally not covered by boat surveys at sea. Forrester et al. (2007) suggested that about 
9,000-11,500 cormorants are in Scotland and Scottish waters in winter, and that numbers 
are not greatly higher during the migration periods. Musgrove et al. (2013) reported that 
there are 25,000 in Britain in winter, and 41,000 in the UK in winter. 


8.8 Biogeographic population 
Stroud et al. (2001) defined the biogeographic breeding population as that of the subspecies 
carbo population, comprising 41,200 pairs. However, Mitchell et al. (2004) provided a 
revised estimate of this population as 52,500 pairs. Kober et al. (2010) presented an 
estimated biogeographic population of 117,900 individuals. In addition, the population of the 
subspecies sinensis, which occurs in small numbers in the UK, is some 300,000 to 330,000 
pairs (Brown and Grice 2005). However, numbers of cormorants reaching UK waters from 
overseas are very small in relation to the large size of the European populations from which 
they are derived, and represent no more than about 2.5% of the British winter population of 
cormorants. Almost all of these continental birds occur in SE England, and mostly inland on 
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freshwater habitat. The biogeographic population with connectivity to UK waters can 
therefore be defined as the populations of UK (now probably about 8800 pairs so a total of 
about 39,000 birds including adults and immatures) plus the populations of Denmark, 
Netherlands, Ireland and France. Those overseas populations sum to 285,000 birds 
including both adults and immatures. However, it may be more appropriate to consider the 
total numbers in UK waters in the non-breeding season since very few of those continental 
birds visit the UK. The total in UK waters in the non-breeding season sums to about 33,500 
birds, of which 32,000 originate from UK colonies. 
 


 
Figure 8.2. Breeding population origins of great cormorants in UK waters during migrations 
and winter. Estimated numbers of breeding pairs in each population are given. Base map 
from OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors. 
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Figure 8.3. Main movements of great cormorants from UK breeding areas (red arrows) and 
from overseas populations (blue arrows) into UK waters during post-breeding 
dispersal/migration. Arrows imply general patterns of movement and should not be taken 
literally as indicating exact routes or exact starting and end points. Similarly, small numbers 
of birds occur in areas not marked by arrows and some birds may move in different 
directions from those broad patterns indicated. Movements probably tend to follow coastlines 
and arrows that cross land do not imply overland migration routes. As far as is known, spring 
return migration represents a reversal of the pattern shown in this figure. 
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Figure 8.4. Trend in the great cormorant breeding population index in UK from 1986-2012. 
Data from JNCC seabird population monitoring database.  
 


 
Figure 8.5. Trend in the great cormorant breeding population index in England from 1986-
2012. Data from JNCC seabird population monitoring database.  
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Figure 8.6. Trend in the great cormorant breeding population index in Wales from 1986-
2012. Data from JNCC seabird population monitoring database.  


8.9 Proportion of UK population from UK breeding SPAs 
The 7 SPAs with breeding great cormorants as a feature together held 2,316 pairs at 
designation, estimated to represent ca. 30% of the British breeding population (Stroud et al. 
2001). Numbers at several of these SPAs have decreased considerably since designation, 
while the overall population has declined only very slightly relative to numbers around the 
period of SPA designations. As a consequence the proportion of the GB population breeding 
within the SPA suite has fallen to an estimated 14.8% in the early 2000s (Stroud et al. 2014). 
There are also SPAs designated for non-breeding cormorants (Stroud et al. 2001), but those 
are not relevant in the context of establishing BDMPS. 
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Figure 8.7. The UK SPA suite for great cormorant. These SPA populations are listed in 
Table 8.1. 
 
Table 8.1. The UK SPA suite for breeding great cormorants. 
SPA Location Pairs Year 


desig-
nated 


Site 
Condition 
Monitoring* 


Recent 
counts 


Year Reference 


NW North Sea 


Calf of Eday Orkney 223 
(1995) 


1998 Maintained 
2006 


195 
204 
181 


2003 
2006 
2012 


SCM database 
Lewis et al. 2012 
SCM database 


East 
Caithness 
Cliffs 


N 
Scotland 


230 
Or 
144 
(Stroud et 
al. 2001) 


1996 Declined 
1999 


53 
81 
67 
85 
52 


2009 
2010 
2011 
2012 
2013 


SCM database 
Lewis et al. 2012 
SCM database 
SCM database 
SCM database 


Forth 
Islands 


E 
Scotland 


200 
(1985) 
Or 
240 
(Stroud et 
al. 2001) 


1990 Declining 
2010 


102 
91 
132 
57 
80 


2009 
2010 
2011 
2012 
2013 


SCM database 
SCM database 
Lewis et al. 2012 
SCM database 
SCM database 
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SW North Sea & Channel 


Farne 
Islands 


NE 
England 


194 
(Stroud et 
al. 2001) 


1985  158 
145 
141 
139 
121 
135 
87 


2007 
2008 
2009 
2010 
2011 
2012 
2013 


SCM database 
SCM database 
SCM database 
SCM database 
SCM database 
SCM database 
SCM database 


Abberton 
Reservoir 


SE 
England 


490 
(1993-
1997) 


1999  370 
352 
332 
322 
216 


2000 
2001 
2002 
2004 
2005 


SCM database 
SCM database 
SCM database 
SCM database 
SCM database 


West of Scotland 


Sheep 
Island 


N Ireland 249 
(1992-
1996) 


1992  182 
141 
100 
117 
112 


2009 
2010 
2011 
2012 
2013 


SCM database 
SCM database 
SCM database 
SCM database 
SCM database 


SW England & Wales 


Puffin 
Island 


Wales 556 
(1996-
2000) 
Or 
776 
(Stroud et 
al. 2001) 


2002  383 
730 
491 
606 
760 
464 
484 
410 
448 


2002 
2005 
2006 
2007 
2009 
2010 
2011 
2012 
2013 


SCM database 
SCM database 
SCM database 
SCM database 
SCM database 
SCM database 
SCM database 
SCM database 
SCM database 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 


8.10 BDMPS 
It seems appropriate to define four BDMPS for regions of UK waters (Figure 8.8) based on 
biological populations present. The ‘NW North Sea’ region holds about 6,000 cormorants in 
winter, almost exclusively birds from UK colonies within the NW North Sea region, making 
the composition of this BDMPS highly distinctive in having predominantly birds from NW 
North Sea colonies. The ‘West of Scotland’ region holds about 7,000 cormorants in winter, 
almost exclusively birds from UK colonies within the West of Scotland region, so again highly 
distinctive and separate from the other BDMPS populations. The ‘SW England and Wales’ 
region holds about 9,600 cormorants in winter, almost exclusively birds from UK colonies, 
but also including some immature birds from colonies in NW Scotland. The ‘SW North Sea 
and Channel’ region holds about 10,500 cormorants in winter, including large numbers of 
immature birds from colonies in Scotland and small numbers of continental birds. In the SW 
North Sea and Channel region, many birds move onto freshwater sites during winter, if 
weather permits. A few thousand birds from the UK population, mostly immatures, winter in 
France rather than in the UK. Migration of those birds to/from the Continent (mostly northern 
France) will marginally increase the BDMPS in southern Britain in the migration seasons 
compared to winter, but this difference is thought to be small enough that the BDMPS can be 
used for the entire non-breeding period. 
Detailed composition of each of these four BDMPS populations is presented in 
Appendix A Tables 18 to 21. 
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Based on evidence reviewed in sections 8.5, 8.6 and 8.7, in the UK NW North Sea BDMPS 
numbers from UK breeding colonies are large enough to provide virtually all of the numbers 
of cormorants thought to be found in this area in the non-breeding season, so the 
proportions of overseas populations visiting this area appear to be extremely small. It is 
estimated that the percentages derived from overseas populations are 0% of birds from 
Ireland and France, 0.1% of immatures from Denmark, and 0.01% of immatures from The 
Netherlands, giving an estimate of only 98 birds from overseas populations in this BDMPS 
(Appendix A Table 18). It is estimated that 100% of adults and immatures from colonies in 
Orkney and Caithness remain in this BDMPS in the non-breeding season, together with 60% 
of adults and 50% of immatures from the Forth Islands and 80% of adults and immatures 
from UK NW North Sea non-SPA colonies, 10% of adults and 20% of immatures from the 
Farne Islands, 5% of adults and immatures from UK SW North Sea non-SPA colonies, but 
0% of birds from Abberton Reservoir. In addition, ringing suggests that small numbers from 
western waters colonies move into the NW North Sea during the non-breeding season 
(Wernham et al. 2002) so the proportions are estimated at 0% of adults and 0.1% of 
immatures from western colonies (Appendix A Table 18). This gives an estimated total of 
5,914 birds from UK populations in this BDMPS.  
 
Based on evidence reviewed in sections 8.5, 8.6 and 8.7, in the UK SW North Sea and 
Channel BDMPS proportions of overseas populations visiting this area appear to be small, 
but much larger than in the other BDMPS populations. It is estimated that the percentages 
derived from overseas populations are 0.5% of immatures from Denmark, and 0.1% of 
adults and 0.1% of immatures from The Netherlands, giving an estimate of 1,107 birds from 
overseas populations in this BDMPS (Appendix A Table 19). It is estimated that negligible 
numbers (rounded to 0%) of adults and immatures from colonies in Orkney and Caithness 
join this BDMPS in the non-breeding season, but that there are 40% of the adults and 50% 
of immatures from the Forth Islands, and 20% of adults and immatures from UK NW North 
Sea non-SPA colonies, 90% of adults and 80% of immatures from the Farne Islands, 80% of 
adults and 70% of immatures from UK SW North Sea non-SPA colonies and from Abberton 
Reservoir. In addition, ringing suggests that small numbers from western waters colonies 
move into the SW North Sea during the non-breeding season (Wernham et al. 2002) so the 
proportions are estimated at 0% of adults and 0.1% of immatures from western colonies 
(Appendix A Table 19). This gives an estimated total of 9,353 birds from UK populations in 
this BDMPS.  
 
Based on evidence reviewed in sections 8.5, 8.6 and 8.7, in the UK West of Scotland 
BDMPS proportions of overseas populations visiting this area appear to be extremely small. 
It is estimated that the percentages derived from overseas populations are 0.1% of 
immatures from Ireland and 0.05% of immatures from Denmark, giving an estimate of 56 
birds from overseas populations in this BDMPS (Appendix A Table 20). Ring recovery data 
suggest that 0% of adults and immatures from colonies in the North Sea join this BDMPS in 
the non-breeding season. Ringing suggests that most birds from colonies in the West of 
Scotland area remain there during the non-breeding season (Wernham et al. 2002) so the 
proportions are estimated at 80% of adults and 60% of immatures from Sheep Island, 70% 
of adults and 50% of immatures from non-SPA colonies (which tend to be further south than 
Sheep Island so have higher connectivity with the BDMPS to the south of this. Probably a 
very small proportion of immatures from Welsh colonies may disperse northwards into this 
BDMPS (Wernham et al. 2002), so this proportion is estimated at 1% (Appendix A Table 20). 
This gives an estimated total of 6,993 birds from UK populations in this BDMPS.  
 
Based on evidence reviewed in sections 8.5, 8.6 and 8.7, in the UK SW England and Wales 
BDMPS proportions of overseas populations visiting this area appear to be very small. It is 
estimated that the percentages derived from overseas populations are 2% of immatures 
from Ireland, 0.1% of immatures from France, and 0.01% of immatures from Denmark and 
The Netherlands, giving an estimate of 209 birds from overseas populations in this BDMPS 
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(Appendix A Table 21). Ring recovery data suggest that 0% of adults and immatures from 
colonies in the North Sea join this BDMPS in the non-breeding season. Ringing suggests 
that most birds from colonies in the West of Scotland area remain there during the non-
breeding season (Wernham et al. 2002) but that some move south into the UK SW England 
and Wales BDMPS; the proportions are estimated at 20% of adults and 40% of immatures 
from Sheep Island, 30% of adults and 50% of immatures from non-SPA colonies (Appendix 
A Table 21). Although some move south into French waters, many birds from Puffin Island 
(Wales) and from non-SPA colonies in SW England and Wales remain within this area 
during the non-breeding season; the proportions are estimated at 60% of adults and 40% of 
immatures. This gives an estimated total of 9,393 birds from UK populations in this BDMPS.  
 


 
Figure 8.8. Four defined BDMPS spatial areas for great cormorant; NW North Sea, SW 
North Sea and Channel, West of Scotland, and SW England & Wales. 


8.11 Proportions of birds from BDMPS in reference regions 
Since almost all cormorants wintering in UK waters are from the UK population and only the 
SW North Sea and Channel BDMPS receives more than trivial numbers of continental birds, 
the proportion of birds in each BDMPS that originate from UK SPA breeding populations will 
be close to the UK average representation of 15%. The NW North Sea region holds the 
largest number of breeding cormorant SPAs (Table 8.1) but the largest SPA colonies are in 
the SW England and Wales area and SW North Sea and Channel area. The general 
population of cormorants breeding in the UK is widely spread across all of these regions, so 
the proportions of each BDMPS that are birds from UK breeding SPAs will be similar in the 
four areas. Proportions can be estimated directly from data in Appendix A Tables 18 to 21. 
For example, for the UK NW North Sea area (Appendix A Table 18), there are estimated to 
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be 579 adults from UK SPA populations out of a total of 6,012 birds in the non-breeding 
season BDMPS, giving an estimate of 9.6% of this BDMPS population being adults from UK 
SPA populations. 


8.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
The UK breeding cormorant SPA suite is widely distributed across the breeding range of the 
species in the UK. However, the suite holds only about 15% of the population. Given that 
many breeding adult cormorants may normally overwinter very close to their breeding site 
(Wernham et al. 2002 report a median distance between breeding site and wintering site 
based on ring recovery data of 179 km), it is likely that SPA birds tend to be aggregated in 
areas close to the seven SPAs, and relatively scarce in areas furthest from the SPAs. 
However, immature birds are likely to be more widely dispersed than the breeding adults.  
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9. EUROPEAN SHAG Phalacrocorax aristotelis 
 Biogeographic population 


with connectivity to UK 
waters (adults and 
immatures) 


Numbers in UK waters in non-
breeding season (September 
to January) (adults and 
immatures) 


Overseas 9,000 209 


UK 97,000 96,078 


Total 106,000 96,287 


 


‘Non-breeding season’ 
BDMPS (September to 
January) 


Total number of 
birds in BDMPS 
(adults plus 
immatures) 


Number from 
overseas 
populations 
(adults plus 
immatures) 


Number from UK 
population (adults 
plus immatures) 


NW North Sea 41,503 0 41,503 


SW North Sea & 
Channel 


4,346 0 4,346 


West of Scotland 37,363 52 37,311 


SW England & Wales 13,075 157 12,918 


 
Colour coding is green for overseas numbers since it is well established from ringing that 
extremely few shags from overseas populations have ever reached UK waters. Since 
locations of shag colonies are well known, and shags are known to remain mostly close to 
their breeding sites throughout the year, colour coding for numbers from UK and total 
numbers would be green apart from the fact that there is strong evidence for substantial 
recent declines in numbers at some, but not all, shag colonies. Because some other colonies 
have not been censused since 1999-2000, there is some uncertainty as to the sizes of those 
populations (as is evident from Table 9.1 which shows a 90% decline in breeding numbers at 
Foula SPA in 2000-2013, but much smaller declines at some other sites). This uncertainty 
seems not enough to code the data red since many of the SPA populations have been 
counted several times since 2000, and it is likely that declines at non-SPA colonies will be 
less pronounced since smaller colonies are likely to be less severely affected by density-
dependent processes such as competition which is likely to be the cause of declines in 
numbers. 


Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 22 to 
25. 


9.1 Breeding range and taxa 
The European shag has three subspecies. Nominate aristotelis breed from Iceland and 
northern Scandinavia along the European coast to the Iberian peninsula. P. a. desmarestii 
breeds in the Mediterranean and Black Sea. P. a. riggenbachi breeds on the Atlantic coast of 
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Morocco. Neither of the latter two subspecies has been recorded in UK waters. Biometrics of 
nominate aristotelis do not seem to be useful to identify origins of individual birds.  


9.2 Non-breeding component of the population 
European shags start to breed when an average of 4 years old (BTO Birdfacts), though 
Daunt et al. (2003) point out that age of first breeding can vary from 3 to 17 years old in 
males and 3 to 15 years old in females, while Aebischer et al. (1986) report age of first 
breeding as 2 for males and 3 for females. Adult survival rate is 0.878 (BTO Birdfacts), 
juvenile survival 0.38 up to 2 years of age (BTO Birdfacts) and mean productivity is 1.289 
chicks per pair (JNCC database, n=237 measurements) (but these can all be greatly 
affected by weather conditions, especially at exposed colonies on the east coast of Scotland, 
Frederiksen et al. 2008). To obtain a stable population, survival of immatures was adjusted 
to 0.5 for juveniles, 0.62 for 1-year olds, 0.72 for 2-year olds, 0.85 for 3-year olds. The model 
population comprised 43% adults, 28% juveniles and 29% older immatures. There are 1.31 
immatures per adult. 


9.3 Phenology 
Although breeding colonies are not completely deserted until October or November, modal 
departure occurs in August to October (Pennington et al. 2004; Forrester et al. 2007) and 
extremely few birds remain at colonies after September. In extreme cases, shags can 
sometimes still be breeding into October, and the last chicks may not fledge until after 
October in some years and colonies. However, autumn post-breeding dispersal/migration 
starts in July (Cramp et al. 1977-94), August (Wernham et al. 2002; Forrester et al. 2007), or 
mid-August (Pennington et al. 2004). Peak autumn migration occurs in August-October 
(Cramp et al. 1977-94), September (Pennington et al. 2004), or September-October 
(Wernham et al. 2002; Forrester et al. 2007). Peak numbers observed in autumn at 
Trektellen seawatching UK sites (predominantly in south and east England) occurred in late 
August and early September, but autumn passage was not pronounced (Figure 9.1). Autumn 
migration is completed by late October (Pennington et al. 2004), early November (Forrester 
et al. 2007) or November (Cramp et al. 1977-94; Wernham et al. 2002).  
 
Spring migration starts in November (Pennington et al. 2004), late November (Forrester et 
al. 2007), December (Wernham et al. 2002) or mid-January (Cramp et al. 1977-94). Peak 
spring migration occurs in December (Pennington et al. 2004; Forrester et al. 2007), January 
(Wernham et al. 2002) or February (Cramp et al. 1977-94). Peak numbers observed in 
spring at Trektellen seawatching UK sites (predominantly in south and east England) 
occurred in late November to February, with the most rapid decline in numbers (which may 
indicate birds returning to breeding areas) in January-March (Figure 9.1). Spring migration is 
completed by January (Pennington et al. 2004; Forrester et al. 2007), mid-March (Wernham 
et al. 2002) or mid-April (Cramp et al. 1977-94).  
 
The first spring records of shag in Shetland, Fair Isle, Orkney, and Argyll Bird Reports for 
2007 to 2012 were from 1 January and the last records were at 31 December, as large 
numbers of shags overwinter, while peak autumn migration was reported in August to 
October in most years, and peak spring migration was not evident in most years. Birds start 
to re-occupy colonies from the start of January, but modal re-occupation occurs in February 
(Pennington et al. 2004; Forrester et al. 2007). 
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Figure 9.1. Average numbers of shags counted per hour at migration sites in the UK (which 
are mostly in south or east England). Data from Trektellen database accessed from the 
internet in January 2014. 
 
Kober et al. (2010) defined breeding season as March-September, non-breeding season 
October-February. However, from the data reviewed above, a more appropriate definition 
would be breeding season February-August, non-breeding season September-January. 


9.4 Defined seasons: 
• UK Breeding season     February-August (sometimes into 


October) 
• Post-breeding migration in UK waters  August-October 
• non-breeding season     September-January (non-breeding 


BDMPS) 
• Return migration through UK waters   December-February 
• Migration-free breeding season  March-July 
• Migration-free winter season   November 


Apart from the breeding season, one seasonal BDMPS period is considered to be 
appropriate for European shag: 


Non-breeding season BDMPS (September-January). 


9.5 Movements of birds from the UK population 
Shags at colonies in the British Isles are considered to disperse and not migrate, and 
relatively few birds move from their natal colony to breed at another colony (Barlow et al. 
2013). However, the extent of dispersal varies between regions (Galbraith et al. 1986), 
probably to a large extent in response to the ease with which birds can find sheltered areas 
in the non-breeding season to avoid storms (Harris and Swann in Wernham et al. 2002). 
Thus birds from colonies in NE England and SE Scotland move the furthest, along a 
coastline where there is little protection from easterly storms. Indeed, ‘wrecks’ of shags from 
colonies in East Britain occur associated with easterly storms (Aebischer 1995), whereas 
wrecks are very unusual elsewhere in the UK (Frederiksen et al. 2008, Wernham et al. 
2002). Birds at colonies in west Britain move very little. Many adults remain within 50 km of 
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their breeding site throughout the year, even at northernmost colonies (Harris and Swann in 
Wernham et al. 2002). Immature birds disperse further, on average, than adults (Harris and 
Swann in Wernham et al. 2002). Very few shags from UK colonies have been recovered 
outside the UK; a few birds from the northern isles have been recovered in Norway, 
Denmark and as far as the southern North Sea, and a few from colonies in SW Britain and 
southern Ireland have been recovered in France (Wernham et al. 2002). Fledglings are fed 
by parents for some weeks after fledging, and after that period post-fledging dispersal occurs 
away from colonies. The timing of this dispersal varies greatly as timing of breeding in shags 
is much earlier in SW Britain than in NE Britain, and the breeding season is very protracted 
everywhere. So chicks may fledge from April to August.  


9.6 Movements of birds from overseas into UK waters 
No shags from Norway, Iceland or Faroe have been recovered in the UK (Wernham et al. 
2002; Hammer et al. 2013). The only ‘foreign-ringed’ shags recovered in the British Isles 
originated from France and the Channel Islands, involving small numbers of birds crossing 
the English Channel (Wernham et al. 2002). However, some Irish-ringed birds have been 
recovered in SW England (Brown and Grice 2005) but these are not classified as ‘foreign’ 
because Ireland uses the same ringing scheme as the UK. Deployment of geolocators on 
breeding adult shags at colonies in UK (Isle of May), Iceland (Flatey), and north Norway 
(Røst and Hornøya) showed that birds from the UK and Icelandic colonies remained close to 
their colony through the winter. Some birds from Hornøya remained in the Barents Sea near 
to their colony through winter, but some moved south into the Norwegian Sea (Daunt et al. 
2010). However, none of the Norwegian birds moved anywhere near to UK waters. Seabird 
2000 reported 26,565 pairs in UK, so even if small numbers of shags from overseas 
populations occasionally visit UK waters, they are unlikely to represent more than a 
negligible fraction of the numbers in the UK during migration periods or winter. 


9.7 Numbers in UK waters 
Shags are not efficiently surveyed by ESAS surveys because they are extremely coastal, 
and often stand on the shore when not foraging. However, numbers in UK waters will be 
almost identical to the UK shag population size, since hardly any birds from overseas move 
into UK waters, and hardly any UK shags move out of UK waters. Numbers of shags in UK 
colonies have declined considerably since the Seabird 2000 survey, by about 20% from 
2000 to 2012 (Figure 9.4), although there are divergent regional patterns with larger 
decreases in Scotland than in England, and an increase in Wales (Figures 9.5 to 9.7). There 
are relatively few in Wales though, so the increase there is far smaller than the decrease in 
Scotland. Overall, the UK breeding population is likely to be about 20,000 to 21,000 pairs 
now, or up to 42,000 adults. There will be about 55,000 immatures associated with these 
breeding numbers, so the total population is around 97,000 individuals. 


9.8 Biogeographic population 
Stroud et al. (2001) defined the biogeographic breeding population as that of the subspecies 
aristotelis population, comprising 125,000 pairs. However, Mitchell et al. (2004) provided a 
revised estimate of this population as 66,000-73,000 pairs. Kober et al. (2010) presented an 
estimated biogeographic population of 201,800 individuals. Given that movement of birds 
into and out of UK waters is negligible except with regard to birds from Ireland, an 
appropriate biogeographic population with connectivity to UK waters would be the UK 
population of 20,000 to 21,000 pairs, or 97,000 birds including the immatures, plus the 
population in Ireland of around 2,000 pairs (equivalent to about 9,000 birds including 
immatures), so a grand total of 106,000 birds. From this population, numbers in the non-
breeding season in all UK waters are estimated at 200 birds from overseas, plus 96,000 
from UK colonies, giving a grand total in UK waters of 96,200 birds in the non-breeding 
season. 
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Figure 9.2. Breeding population origins of shags in UK waters during migrations and winter. 
Estimated numbers of breeding pairs in each population are given. Base map from 
OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors. 
 


 
Figure 9.3. Main movements of shags from UK breeding areas (red arrows) and from 
overseas populations (blue arrows) into UK waters during post-breeding dispersal/migration. 
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Arrows imply general patterns of movement and should not be taken literally as indicating 
exact routes or exact starting and end points. Similarly, small numbers of birds occur in 
areas not marked by arrows and some birds may move in different directions from those 
broad patterns indicated. Movements probably tend to follow coastlines and arrows that 
cross land do not imply overland migration routes. As far as is known, spring return migration 
represents a reversal of the pattern shown in this figure. 
 


 
Figure 9.4. Trend in the shag breeding population index in UK from 1986-2012. Data from 
JNCC seabird population monitoring database.  
 


 
Figure 9.5. Trend in the shag breeding population index in Scotland from 1986-2012. Data 
from JNCC seabird population monitoring database.  
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Figure 9.6. Trend in the shag breeding population index in England from 1986-2012. Data 
from JNCC seabird population monitoring database.  
 


 
Figure 9.7. Trend in the shag breeding population index in Wales from 1986-2012. Data from 
JNCC seabird population monitoring database. 


9.9 Proportion of UK population from UK breeding SPAs 
The 13 SPAs with breeding shags as a feature together held 17,584 pairs at designation, 
estimated to represent ca. 47% of the British breeding population (Stroud et al. 2001). 
Numbers of shags have declined considerably in Scotland, but have declined only slightly in 
England and have increased slightly in Wales (but because most shags in the UK breed in 
Scotland, the better performance further south does not compensate for declines in Scottish 
colonies). Some colonies have declined very dramatically (for example the largest colony in 
Europe was at Foula, Shetland, and that fell from around 3,000 pairs in the 1970s to 2,277 
pairs in 2000, and fewer than 200 pairs in 2013. Many of the largest declines appear to have 
occurred at the largest colonies, consistent with a density-dependent impact of reduced food 
supply. As a consequence, the proportion of the population within the SPA suite for shags 
fell to about 34% of the GB population in the 2000s (Stroud et al. 2014). The proportion 
within the SPA suite has almost certainly fallen further still since then (for example Stroud et 


y = -1.6991x + 3507.7 
R² = 0.2358 


0


20


40


60


80


100


120


140


160


180


1980 1985 1990 1995 2000 2005 2010 2015


y = 1.308x - 2538.5 
R² = 0.2291 


0


20


40


60


80


100


120


1980 1985 1990 1995 2000 2005 2010 2015


  85 | P a g e  
 







 


 
al. 2014 used the 2000 estimate of 2,300 pairs for Foula whereas now that number is down 
to <200). The suite probably now holds around 25-30% of the UK shag population.  
 


 
Figure 9.8. The SPA suite for shag. These SPA populations are listed in Table 9.1. 
 
Table 9.1. The UK SPA suite for breeding shags. 
SPA Location Pairs Year 


desig-
nated 


Site 
Condition 
Monitoring* 


Recent 
counts 


Year 
 


Reference 


NW North Sea 
Hermaness, 
Saxavord & 
Valla Field 


Shetland 540 1994 Declined 
2002 


82 
H’ness 
only: 
94 
33 
41 


1999 
 
 
1994 
1999 
2002 


Stroud et al. 2014 
 
 
SMP database 
SMP database 
SMP database 


Foula Shetland 2,400 
(1997) 


1995 Declined 
2007 


2,300 
258 
<200 


2000 
2007 
2013 


Seabird2000 
SMP database 
Gear 2013 


Fair Isle Shetland 1,099 1994 Declined 
2008 


567 
663 
732 
235 
204 


1998 
2001 
2003 
2008 
2013 


SMP database 
SMP database 
SMP database 
Lewis et al. 2012 
SMP database 
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East 
Caithness 
Cliffs 


N 
Scotland 


2,345 
(1986) 


1996 Declined 
1999 


1,056 1999 Seabird2000 


Buchan Ness 
to Collieston 
Coast 


NE 
Scotland 


1,045 1998 No change 
2007 


344 
331 


2007 
2007 


Lewis et al. 2012 
Stroud et al. 2014 


Forth Islands E 
Scotland 


2,400 
(1985) 
Or 
2,887 
(Stroud 
et al. 
2001) 


1990 Recovering 
2001 


1,088 
1,050 
1,060 
850 


2010 
2011 
2012 
2013 


Lewis et al. 2012 
SMP database 
SMP database 
SMP database 
  
 


SW North Sea & Channel 
St Abb’s Head 
to Fast Castle 


E 
Scotland 


651 1997 Declined 
2008 


329 
269 
160 


2000 
2000 
2011 


Stroud et al. 2014 
Seabird2000 
Lewis et al. 2012 


Farne Islands NE 
England 


994 
(Stroud 
et al. 
2001) 


1985  1,059 
1,015 
838 
925 
926 
965 
582 


2007 
2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


West of Scotland 
Sule Skerry 
and Sule 
Stack 


N 
Scotland 


874 
(1986) 


1994 Maintained 
1998 


701 
724 
15 
200 


1993 
1998 
2007 
2011 


Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 


Shiant Isles Western 
Isles 


1,780 
(1986) 


1992 Maintained 
1999 


506 1999 Seabird2000 


Canna and 
Sanday 


Inner 
Hebrides 


1,140 1998 No change 
2006 


305 
226 
270 
255 


2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 


Mingulay and 
Berneray 


Western 
Isles 


721 
(1985) 


1994 Declined 
2009 


281 
330 
115 


1998 
2003 
2009 


Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 


SW England & Wales 
Isles of Scilly SW 


England 
1,108 2001  1,296 2006 SMP database 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 


9.10 BDMPS 
Since adult shags show only very limited migration (most adults recovered in the non-
breeding season being within 50 km of their breeding site; Wernham et al. 2002), UK waters 
can be split into several distinct non-breeding season BDMPS for shags. Birds from North 
Sea colonies tend to be more mobile than birds from western waters colonies, probably due 
to the greater exposure of east coast waters compared to relatively sheltered conditions in 
much of the west coast coastline. Based on evidence reviewed in sections 9.5, 9.6 and 9.7, 
the UK NW North Sea region holds about 41,500 birds in winter, with some birds, especially 
immatures, moving up or down much of the coastline. The West of Scotland region holds 
about 37,000 birds in winter, almost all derived from local colonies in that area. The SW 
England and Wales region holds about 13,000 birds in winter, many of which are immature 
birds from breeding sites further north, as breeding numbers in that region are relatively 
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small but immatures from colonies further north move southwards into the area with 
relatively few locally breeding birds. The SW North Sea and Channel holds about 4,000 birds 
in winter, most of which are immature birds from breeding sites further north. Numbers 
during migration periods are essentially the same as these wintering numbers, so the 
BDMPS are appropriate for migration periods as well as wintering period. 
 
The UK NW North Sea BDMPS has no birds from overseas populations. All adults from 
colonies in Shetland to Berwickshire are likely to remain within this BDMPS in the non-
breeding season. All immatures from Shetland to Aberdeenshire are also likely to remain in 
the area, while it is estimated that 90% from Forth Islands and 80% of immatures from St 
Abbs Head area do so. It is estimated that 30% of adults and 40% of immatures from the 
Farne Islands spend the non-breeding period in the UK NW North Sea BDMPS. No birds 
from western colonies are thought to move into the area during the non-breeding season so 
that connectivity with populations to the west of the UK is negligible or zero. These figures 
result in an estimated BDMPS population of 41,503 birds in the UK NW North Sea BDMPS 
(Appendix A Table 22). 
 
There have been a few recoveries of ringed shags from NW France in SE England 
(Wernham et al. 2002), but these appear to be negligible numbers from a small population in 
which many birds have been ringed, so connectivity between the French breeding population 
and UK waters is considered to be negligible. On this basis, the UK SW North Sea and 
Channel BDMPS has no significant numbers of birds from overseas populations. Although 
no birds from colonies in Shetland to Aberdeenshire are likely to move into the UK SW North 
Sea and Channel BDMPS, it is estimated that 10% of immatures from Forth Islands and 
20% of immatures from St Abbs Head area do so. It is estimated that 70% of adults and 60% 
of immatures from the Farne Islands, and all birds from the non-SPA colonies in UK SW 
North Sea and Channel spend the non-breeding period in the UK SW North Sea and 
Channel BDMPS. No birds from western colonies are thought to move into the area during 
the non-breeding season so that connectivity with populations to the west of the UK is 
negligible or zero. These figures result in an estimated BDMPS population of 4,346 birds in 
the UK SW North Sea and Channel BDMPS (Appendix A Table 23). 
 
Based on evidence reviewed in sections 9.5, 9.6 and 9.7, the UK West of Scotland waters 
BDMPS has small numbers of birds from Irish populations; it is estimated that perhaps 1% of 
immatures from Ireland spend the non-breeding season in this BDMPS (an estimated 52 
birds). No birds from North Sea colonies are likely to be in this BDMPS in the non-breeding 
season. All birds from colonies in west Scotland are thought to remain within the area during 
the non-breeding season, but no birds from Wales and SW England are thought to move into 
the area. These figures result in an estimated BDMPS population of 37,311 birds in West of 
Scotland waters BDMPS (Appendix A Table 24). 
 
Based on evidence reviewed in sections 9.5, 9.6 and 9.7, the UK Wales and SW England 
waters BDMPS has small numbers of birds from Irish populations; it is estimated that 3% of 
immatures from Ireland (157 birds) are in the BDMPS in the non-breeding season. No birds 
from North Sea or West of Scotland colonies are thought to move into the area during the 
non-breeding season. All birds from the Isles of Scilly and from non-SPA colonies in SW 
England and Wales are thought to remain within this BDMPS in the non-breeding season. 
These figures result in an estimated BDMPS population of 13,075 birds in the UK Wales and 
SW England waters BDMPS, with 12,918 coming from UK colonies (Appendix A Table 25). 
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Figure 9.9. Four defined BDMPS spatial areas for shag; NW North Sea, SW North Sea and 
Channel, West of Scotland, and SW England & Wales. 


9.11 Proportions of UK breeding SPA birds in each BDMPS 
The distribution of breeding shag SPA populations is closely similar to the overall distribution 
of breeding shags in the UK. While almost all of the SPA sites are in the northern BDMPS 
(with the sole exception of the Isles of Scilly), most shags occurring in winter in the SW North 
Sea and Channel are immature birds dispersed from sites in the NW North Sea, so include 
immatures from SPAs. However, there are no breeding shag SPA populations in Wales or 
SW Scotland where there are breeding colonies, so the proportion of SPA birds in the SW 
England and Wales BDMPS will be lower than in the others. Proportions of adults from SPA 
colonies in each BDMPS can be computed from data in Appendix A Tables 22 to 25. For 
example, in the UK NW North Sea non-breeding season BDMPS, there are estimated to be 
41,503 birds, of which 6,033 are adults from SPA populations, so those birds represent 
14.5% of the total present in that BDMPS.  


9.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
Although only about 25-30% of shags in UK waters are from SPA populations, the 13 SPAs 
with breeding shags as a feature are well distributed across the breeding range of this 
species in the UK. Because adult shags may remain at colony sites through the winter, there 
is likely to be a tendency for SPA birds to be aggregated close to SPAs at all times of year 
(ring recoveries suggest that most adults remain within 50 km of their breeding area during 
the non-breeding season; Harris and Swann in Wernham et al. 2002). This aggregation may 
be most evident in the West of Scotland and SW England and Wales regions, where shags 
are most sedentary (Harris and Swann in Wernham et al. 2002). Birds from SPAs in the NW 
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North Sea region tend to disperse further. However, to counteract that effect, there are 
relatively more small non-SPA colonies of shags in the West of Scotland region between the 
SPA sites. Clearly if most adults move only a few tens of kilometres between breeding sites 
and wintering sites, the shags from colonies in on part of a BDMPS will not mix extensively 
with shags from areas on the other end of the BDMPS area. It might therefore be 
appropriate in assessments of impacts to define a reference area smaller than an entire 
BDMPS centered around a development site, and focus on the populations within that 
defined reference area. An appropriate reference area might be smaller in UK western 
waters than in the North Sea since shags are less mobine in western waters than in North 
Sea waters. Which populations should be included can be assessed from data presented in 
Tables 22 to 25. It would probably be appropriate to consider birds from all colonies within a 
radius of 300 km from a development site, but exclude consideration of birds from colonies 
at greater distances (since ring recoveries even of immature birds are predominantly from 
within 100 km of the location where the bird was originally ringed).  
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10. ARCTIC SKUA Stercorarius parasiticus 
 Biogeographic 


population with 
connectivity to UK 
waters (adults and 
immatures) 


Numbers in UK 
waters in autumn 
(August to October) 
(adults and 
immatures) 


Numbers in UK waters 
in spring (April-May) 
(adults and 
immatures) 


Overseas 226,000 9,064 3,786 


UK 3,000 2,650 2,552 


Total 229,000 11,714 6,338 


 


 Total number of 
birds in BDMPS 
(adults plus 
immatures) 


Number from 
overseas 
populations 
(adults plus 
immatures) 


Number from UK 
population (adults 
plus immatures) 


Autumn migration 
BDMPS (August to 
October) 


   


UK North Sea and 
Channel 


6,427 5,216 1,211 


UK Western waters 5,287 3,848 1,439 


Spring migration 
BDMPS (April-May) 


   


UK North Sea and 
Channel 


1,227 582 645 


UK Western waters 5,111 3,204 1,907 


 
Although there are relatively few colonies of Arctic skuas in the UK, and the species is 
relatively easy to census, the numbers breeding in UK colonies have declined dramatically in 
recent years, with this species moving directly from being Green-listed to Red-listed as a 
consequence of the large decrease in breeding numbers. In addition, several colonies have 
not been censused since Seabird2000, so that current numbers are uncertain, especially in 
areas where the species is widely scattered at low density – areas where population trends 
may differ from those at large colonies with high nesting density. However, most SPA 
populations have been counted several times since 2000, and a complete survey was 
carried out in Orkney in 2010. So estimated numbers of UK birds migrating through UK 
waters are coded amber. Numbers of Arctic skuas that pass through UK waters have been 
estimated from sources such as seawatching data and ESAS data and reported in several 
publications (e.g. Forrester et al. 2007), but these numbers are relatively uncertain, and 
seem to vary from year to year, especially during spring migration when passage is 
predominantly west of the UK and may be more evident in years when weather conditions 
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bring birds closer to land. Therefore, total numbers in BDMPS are coded red. Many of the 
birds passing through UK waters are from overseas populations rather than UK populations 
and although colour phase data can provide some indication of the origins of Arctic skuas, 
numbers that originate from overseas populations are rather uncertain, so are also coded 
red.  


Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 26 to 
29. 


10.1 Breeding range and taxa 
The monotypic Arctic skua is a trans-equatorial migrant and the UK is at the extreme 
southern limit of its breeding range which is circumpolar and largely Arctic (Furness 2010). 
Although there is no evidence that biometrics can be used to identify origins of individuals, 
Arctic skuas have two colour phases, with clinal variation in the proportions. Dark birds 
predominate at colonies at the southern edge of the range whereas all birds at high Arctic 
breeding sites are pale phase birds.  


10.2 Non-breeding component of the population 
Arctic skuas start to breed when 4 years old (BTO Birdfacts). Adult survival rate is 0.886 
(BTO Birdfacts), juvenile survival 0.68 (BTO Birdfacts) and mean productivity is 0.522 chicks 
per pair (JNCC database, n=82 measurements). This estimate of productivity is low, but is 
certainly representative of breeding performance in the UK in recent decades. Productivity 
may be higher than this in regions where populations are performing better. However, for the 
population model, using a low value of productivity tends to be compensated for by 
increased estimates of juvenile and immature survival in order to achieve a stable 
population, so the exact value used in the model does not greatly alter the estimated 
proportion of immatures per adult. To obtain a stable population, survival of immatures was 
adjusted to 0.69 for juveniles, 0.8 for 1-year olds, and 0.886 for older age classes. The 
model population comprised 58% adults, 15% juveniles and 27% older immatures. There are 
0.71 immatures per adult. 


10.3 Phenology 
Breeding colonies in the UK are deserted in August, with modal departure in early August 
(Pennington et al. 2004; Forrester et al. 2007). Autumn migration starts in early August 
(Wernham et al. 2002; Pennington et al. 2004) or August (Cramp et al. 1977-94; Forrester et 
al. 2007). Peak autumn migration occurs in August-September (Wernham et al. 2002; 
Pennington et al. 2004), early September (Forrester et al. 2007), September in English 
waters (Brown and Grice 2005), or September-October (Cramp et al. 1977-94) (but this last 
includes migration through southern hemisphere waters). Peak numbers observed in autumn 
at Trektellen seawatching UK sites (predominantly in south and east England) occurred very 
distinctly in late-August and early-September (Figure 10.1). Autumn migration is completed 
by late October (Pennington et al. 2004; Forrester et al. 2007) or late-November when also 
considering continued migration through southern hemisphere waters (Cramp et al. 1977-
94).  
 
Spring migration starts in late-March from southern hemisphere wintering areas (Cramp et 
al. 1977-94) but birds start to reach UK waters in early April (Wernham et al. 2002) or April 
(Pennington et al. 2004; Forrester et al. 2007). Peak spring migration occurs in April-May 
(Cramp et al. 1977-94; Wernham et al. 2002), early May (Pennington et al. 2004) or May 
(Forrester et al. 2007). Peak numbers observed in spring at Trektellen seawatching UK sites 
(predominantly in south and east England) occurred in late April and early May (Figure 10.1). 
Spring migration is completed by late May (Cramp et al. 1977-94; Pennington et al. 2004), 
early June (Wernham et al. 2002) or June (Forrester et al. 2007).  
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The first spring records of Arctic skua in Shetland, Fair Isle, Orkney, and Argyll Bird Reports 
for 2007 to 2012 were between 10 April and 7 May, but mostly in mid-April. The last records 
in autumn fell between 3 September and 8 November but mostly in October. Peak autumn 
migration was reported in July-September in most years, and peak spring migration was 
reported in May in most years. Birds re-occupy colonies from early April, with modal return in 
late April (Pennington et al. 2004; Forrester et al. 2007). 
 


Figure 10.1. Average numbers of Arctic skuas counted per hour at migration sites in the UK 
(which are mostly in south or east England). Data from Trektellen database accessed from 
the internet in January 2014. 
 
Kober et al. (2010) defined breeding season as May-August, non-breeding season 
September-April. However, from the data reviewed above, a more appropriate definition 
would be breeding season May-July, non-breeding season August-April. 


10.4 Defined seasons: 
• UK Breeding season     May-July 
• Post-breeding migration in UK waters  August-October (autumn BDMPS) 
• non-breeding season     August-April 
• Return migration through UK waters   April-May (spring BDMPS) 
• Migration-free breeding season  June-July 
• Migration-free winter season   November-March 


Apart from the breeding season, two seasonal BDMPS periods are considered to be 
appropriate for Arctic skua: 


‘Autumn’ (post-breeding) migration BDMPS (August-October); and 


‘Spring’ (pre-breeding) migration BDMPS (April-May). 


10.5 Movements of birds from the UK population 
Some failed breeders and some immatures attending UK colonies as pre-breeders may set 
off on autumn migration as early as July, but most fledglings and adults at UK colonies 
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depart in early August (Furness 2010; Wernham et al. 2002). Birds from North Sea colonies 
(Orkney and Shetland) disperse in autumn either through the North Sea or through western 
waters. Birds from colonies in western waters probably disperse through western waters 
mainly southwards or southwestwards rather than moving into the North Sea. However, 
spring migration seems to be more often through western waters, even for adults returning to 
colonies within the North Sea (Orkney, Shetland and Caithness).  


10.6 Movements of birds from overseas into UK waters 
Migrants from populations further north pass through British waters mainly in August-
September. Autumn migration tends to occur close to the coast. At this time, individuals may 
hang around areas where there are flocks of terns. A few stragglers may still be present in 
October, but records from November are extremely scarce (and may involve identification 
errors as pomarine skuas may occasionally still be seen in November). No Arctic skuas 
overwinter in British waters. Return migration in spring tends to be more rapid, and with a 
high proportion of birds passing up the west side of Scotland rather than through the North 
Sea (Forrester et al. 2007). The proportion of light phase birds tends to increase through 
spring, as birds that breed at more southerly colonies (where dark phase birds predominate) 
tend to arrive first, with birds travelling on to the Arctic (where virtually all birds are pale 
phase) migrating later (Newnham 1984). Scottish adult Arctic skuas return to colonies in late 
April and May, but Arctic-breeding individuals may not occupy breeding grounds until June 
(Wernham et al. 2002). It is during May that the proportion of dark phase Arctic skuas is 
lowest in UK waters, consistent with these birds being predominantly from northern 
populations (Tasker et al. 1987). There are around 8,000 pairs in Fennoscandia, 7,500 pairs 
in Iceland, 750 pairs in the Faroes, and tens to hundreds of thousands of pairs on the Arctic 
tundra bordering the North Atlantic (Mitchell et al. 2004); figure of 50,000 pairs has been 
used in this report but that estimate is fairly uncertain. Small proportions of each of those 
populations are thought to migrate through UK waters, but there is very little evidence to 
indicate which of those populations predominate in the migration season. 


10.7 Numbers in UK waters 
Autumn migration of Arctic skuas in English waters is seen especially off the coast of E 
England, whereas spring migration is mainly seen off the S coast and rather few pass along 
the coast of E England (Brown and Grice 2005). In spring, numbers moving north along the 
east coast of Scotland tend to be small, but there can be large numbers off the west of 
Scotland, although these may often pass too far from the coast to be seen from land. As a 
result, numbers migrating through UK waters are not well defined, but Forrester et al. (2007) 
suggest that spring migration involves around 1,000 to 5,000 birds in Scottish waters, 
predominantly to the west of Scotland, while autumn migration involves 1,000 to 10,000 
birds, with possibly slightly more than half of these off the west coast, but much better data 
on numbers available from observations at the east coast. These numbers are likely to be 
underestimates of the strength of migration of this species, particularly because the species 
is easily overlooked during boat-based surveys, and because migration can occur in pulses 
of birds passing beyond sight from shore-based observation points unless driven inshore by 
weather. 


10.8 Biogeographic population 
Stroud et al. (2001) defined the biogeographic breeding population as that of the NE Atlantic 
population, comprising 30,000 pairs. However, Mitchell et al. (2004) provided a revised 
estimate of this population as 15,000-35,000 pairs. Kober et al. (2010) presented an 
estimated biogeographic population of 75,000 individuals. It is likely that most of this widely 
distributed biogeographic population has connectivity with UK waters, but that the proportion 
of the population passing through UK waters is rather small. The UK population of Arctic 
skuas is small. Seabird 2000 recorded 2,136 AOTs (approximately equivalent to pairs) and 
numbers have declined considerably since 2000; data presented by Foster and Marrs (2012) 
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suggest a 57% decline in numbers of AOTs at monitored colonies between 2000 and 2011, 
so the current UK population may be around 1,000 AOTs. However, the decline in numbers 
of AOTs does not necessarily mean a proportionate decline in population size, since adults 
from many of the abandoned AOTs may simply be non-breeding during times of low food 
supply, and might reoccupy AOTs if conditions were to improve. The biogeographic 
population with connectivity to UK waters is therefore estimated at 3,000 birds from the UK 
population and 226,000 birds from overseas populations, giving a total of 229,000 but with a 
very high uncertainty associated with this estimate. Total numbers in UK waters during 
autumn migration are estimated at 9,000 birds from overseas and 2,600 from UK 
populations, so about 12,000 birds overall. Total numbers in UK waters during spring 
migration are estimated at 4,000 birds from overseas and 2,500 from UK populations, so 
about 6,500 birds overall. These estimates also have a high uncertainty, especially regarding 
numbers from overseas populations which represent a major part of the totals. 
 


 
Figure 10.2. Breeding population origins of Arctic skuas in UK waters during migrations and 
winter. Estimated numbers of breeding pairs in each population are given. Base map from 
OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors. 
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Figure 10.3. Main movements of Arctic skuas from UK breeding areas (red arrows) and from 
overseas populations (blue arrows) into UK waters during post-breeding dispersal/migration. 
Arrows imply general patterns of movement and should not be taken literally as indicating 
exact routes or exact starting and end points. Similarly, small numbers of birds occur in 
areas not marked by arrows and some birds may move in different directions from those 
broad patterns indicated. Movements probably tend to follow coastlines and arrows that 
cross land do not imply overland migration routes. See also Forrester et al. (2007) page 728. 
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Figure 10.4. Main spring movements of Arctic skuas to UK breeding areas (red arrows) and 
towards overseas populations (blue arrows) through UK waters. Arrows imply general 
patterns of movement and should not be taken literally as indicating exact routes or exact 
starting and end points. Similarly, small numbers of birds occur in areas not marked by 
arrows and some birds may move in different directions from those broad patterns indicated. 
Movements probably tend to follow coastlines and arrows that cross land do not imply 
overland migration routes. See also Forrester et al. (2007) page 728.  
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Figure 10.5. Trend in the Arctic skua breeding population index in Scotland from 1986-2012. 
Data from JNCC seabird population monitoring database. 
  


 
Figure 10.6. Trend in the Arctic skua breeding numbers in Orkney from 1982-2010. Data 
from Meek et al. (2011). 
 
Data show a 31% decline in 8 years from 1992 to 2000, and a 47% decline in 10 years from 
2000 to 2010 (Meek et al. 2011). Meek et al. (2011) concluded that declines in Arctic skua 
colonies in Orkney were related to colony size (a density-dependent relationship with larger 
colonies declining more than smaller ones) and to the numbers of great skuas in the area 
(an impact of predation, of mortality caused by fighting over territory ownership, and loss of 
nesting habitat to the larger species; see also Phillips et al. 1998). 


10.9 Proportion of UK population from UK breeding SPAs 
The 7 SPAs with breeding Arctic skuas as a feature together held 780 pairs at designation, 
estimated to represent ca. 24% of the British breeding population at that time (Stroud et al. 
2001). Breeding numbers of Arctic skuas have declined very considerably since 2000 
(Figures 10.5 and 10.6), with the decline being especially large at some of the largest 
colonies (which are the SPA populations). Therefore, the percent of the population breeding 
within the SPA suite for the species has decreased. Based on census data mostly from 
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around 2010, Stroud et al. (2014) estimated that the breeding Arctic skua SPA suite held 
16.3% of the GB (=UK) population at that time. The sum of the most recent counts at each 
SPA is only 235 pairs (Table 10.1) whereas Stroud et al. (2014) summed counts dated 
mostly around 2010 to 343 pairs. So it is clear that the decline in the numbers at SPAs has 
continued, and so the percent of the UK population in the SPA suite for breeding Arctic 
skuas is likely to be less than the 16.3% estimated by Stroud et al. (2014). The exact 
percentage is difficult to assess because the total breeding population in the UK has not 
been surveyed recently, and numbers in areas where the species breeds at low density 
outwith SPAs may possibly not have declined as much. The percent in the SPA suite is 
therefore likely to now be around 15%, but might possibly be even lower than that as the 
large colony on Fetlar SPA has not been counted since 2002 when there were still 83 pairs 
there, and it is highly likely that numbers there are now much lower than that, given that 
other SPA populations in Shetland that were previously similar in numbers to Fetlar have 
fallen to only 30 or 40 pairs (Table 10.1). 
  


 
Figure 10.7. The SPA suite for Arctic skua. These SPA populations are listed in Table 10.1. 
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Table 10.1. The UK SPA suite for breeding Arctic skuas. 
SPA Location Pairs Year 


desig-
nated 


Site 
Condition 
Monitoring* 


Recent 
count 


Year Reference 


UK North Sea & Channel 
Fetlar Shetland 130 1994 Recovering 


2006 
96 
83 


2001 
2002 


SMP database 
Stroud et al. 2014 


Foula Shetland 125 1995 Declined 
2007 


71 
41 
63 
50 
41 
37 
35 


2007 
2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
Lewis et al. 2012 
SMP database 
Gear 2012 
Gear 2013 


Fair Isle Shetland 74 1994 Maintained 
2009 


37 
65 
70 
29 
20 
19 


2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
FIBO Report 
SMP database 


West 
Westray 


Orkney 77 1996 Declined 
2007 


55 
38 
<27 


2000 
2007 
2010 


Stroud et al. 2014 
Lewis et al. 2012 
Meek et al. 2011 


Papa 
Westray 


Orkney 135 1996 Declined 
2000 


25 
22 


2011 
2012 


Lewis et al. 2012 
Orkney Bird Report 


Hoy Orkney 59 2000 Maintained 
2000 


16 
12 


2010 
2010 


Meek et al. 2011 
SCR database 


Rousay Orkney 180 2000 Declined 
2007 


114 
46 
37 


2000 
2007 
2010 


Lewis et al. 2012 
Lewis et al. 2012 
Meek et al. 2011 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 


10.10 BDMPS 
UK waters can be split into two BDMPS for Arctic skuas during migration seasons. The UK 
North Sea and Channel region holds about 6,000 birds in autumn and 1,000 in spring. The 
UK Western waters region holds about 5,000 birds in autumn and 5,000 in spring. These two 
areas should be treated as spatially separate BDMPS because although all breeding Arctic 
skua SPAs are in the UK North Sea and Channel area, much of the migration of this species 
passes through UK western waters. Therefore UK SPA birds are strongly represented in one 
BDMPS but not in the other. Details of apportioning of birds from different populations are 
given in Appendix A Tables 26 to 29. Since individual birds cannot be members of more than 
one spatially defined BDMPS, a minority of birds from colonies in the North Sea are 
(perhaps counter-intuitively) allocated to the UK western waters BDMPS rather than to the 
UK North Sea and Channel BDMPS. These are birds, predominantly from colonies in 
Shetland and Orkney, which migrate quickly out of, or into, the North Sea, but linger in UK 
western waters for some prolonged period during migration. These birds are therefore 
allocated to the BDMPS spatial area in which they spend more time, rather than necessarily 
being allocated into the BDMPS spatial area within which their breeding site happens to be 
located. 
 
Based on evidence reviewed in sections 10.5, 10.6 and 10.7, it is estimated that in autumn 
60% of adults and 40% of immatures from breeding Arctic skua UK SPA populations migrate 
through the UK North Sea and Channel waters, whereas 40% of adults and 30% of 
immatures migrate through UK western waters, whereas 100% of adults and 70% of 
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immatures from UK non-SPA western waters migrate through UK western waters. It is 
estimated that in autumn, 1% of adults and immatures from high Arctic populations migrate 
through UK North Sea and Channel waters and the same percentage through UK western 
waters, 2% of adults and immatures from Iceland migrate through UK North Sea and 
Channel waters and the same percentage through UK western waters, 10% of adults and 
immatures from Fennoscandia and Faroe migrate through UK North Sea and Channel 
waters, 5% of birds from Fennoscandia and 10% of birds from Faroe migrate through UK 
western waters (Appendix A Tables 26 and 27). This results in an estimate of 1,211 birds 
from UK and 5,216 from overseas in the autumn migration UK North Sea and Channel 
waters BDMPS and 1,439 birds from UK and 3,848 from overseas in the autumn migration 
UK western waters BDMPS. 
 
Based on evidence reviewed in sections 10.5, 10.6 and 10.7, it is estimated that in spring, 
40% of adults and 10% of immatures from breeding Arctic skua UK SPA populations migrate 
through the UK North Sea and Channel waters, whereas 60% of adults and 50% of 
immatures migrate through UK western waters, whereas 100% of adults and 70% of 
immatures from UK non-SPA western waters migrate through UK western waters. It is 
estimated that in spring, 0.2% of adults and 0.1% of immatures from high Arctic populations 
migrate through UK North Sea and Channel waters whereas 1% of birds from high Arctic 
populations migrate through UK western waters, 0.5% of adults and 0.1% of immatures from 
Iceland migrate through UK North Sea and Channel waters and 1% of Icelandic birds 
through UK western waters, 1% of adults and 0.5% of immatures from Fennoscandia 
migrate through UK North Sea and Channel waters, 5% of adults and 3% of immatures from 
Fennoscandia migrate through UK western waters, 0.5% of adults and 0.1% of immatures 
from Faroe migrate through UK North Sea and Channel waters and 5% of adults and 2% of 
immatures migrate through UK western waters (Appendix A Tables 28 and 29). This results 
in an estimate of 645 birds from UK and 582 from overseas in the spring migration UK North 
Sea and Channel waters BDMPS and 1,907 birds from UK and 3,204 from overseas in the 
spring migration UK western waters BDMPS. 
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Figure 10.8. Two defined BDMPS spatial areas for Arctic skua: ‘UK North Sea and Channel’ 
and ‘UK Western waters’. 


10.11 Proportion of UK breeding SPA birds in BDMPS 
During migration, the relatively small UK population (about 1,000 pairs, so 2,000 adults 
giving a total of about 3,000 birds of which many young immatures do not return from 
wintering areas to UK waters so a total of about 2,600 birds in UK waters) represents a 
minority of the birds present in UK waters. Probably UK birds represent about 20% of the 
birds present in UK waters on average during the migration months, but this percentage is 
very uncertain. The percentage is unlikely to be much higher than this, however, since most 
UK birds are dark phase, and the proportion of dark phase birds observed during migration 
watches at UK sites is generally small, indicating that a large majority of the birds originate 
from breeding areas further north where dark phase birds are at a frequency close to zero. 
Probably only about 15% of Arctic skuas from the UK colonies are from within the breeding 
Arctic skua SPA suite. However, since all the SPA populations and most of the species’ 
breeding population in the UK, are in the NW North Sea area, and rather few Arctic skuas 
migrate northwards through that area, the proportion of SPA birds in that area in spring will 
be higher than in other BDMPSs. The proportion of the BDMPS represented by adults from 
UK SPA populations can be computed from data in Appendix A Tables 26 to 29. For 
example, in the UK North Sea and Channel BDMPS in autumn migration season there are 
6,427 birds of which 281 are adults from UK SPA populations, so those represent 4.4% of 
the total present. 
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10.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
During autumn migration, birds dispersing from UK SPAs will all be in the North Sea and 
Channel BDMPS initially. However, these birds will move through this and some through the 
UK western waters BDMPS and often stop for some days in locations where there are 
opportunities to steal food from terns, so the distribution of SPA birds will quickly become 
fairly random across the BDMPSs. In spring, this process is likely to act in reverse, but with 
spring migration generally being somewhat faster and more direct towards colonies than in 
autumn.  
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11. GREAT SKUA Stercorarius skua 
 Biogeographic 


population with 
connectivity to 
UK waters (adults 
and immatures) 


Numbers in UK 
waters in 
autumn 
(August to 
October) 
(adults and 
immatures) 


Numbers in UK 
waters in winter 
(November to 
February) 
(adults and 
immatures) 


Numbers in UK 
waters in spring 
(March-April) 
(adults and 
immatures) 


Overseas 30,000 5,562 1,363 5,655 


UK 43,000 30,330 178 27,920 


Total 73,000 35,892 1,541 33,575 


 


 Total number of 
birds in BDMPS 
(adults plus 
immatures) 


Number from 
overseas 
populations (adults 
plus immatures) 


Number from UK 
population (adults 
plus immatures) 


Autumn 
migration 
BDMPS (August 
to October) 


   


UK North Sea 
and Channel 


19,556 2,141 17,415 


UK Western 
waters 


16,336 3,421 12,915 


Winter BDMPS 
(November-
February) 


   


UK North Sea 
and Channel 


143 143 0 


UK Western 
waters 


1,398 1,220 178 


Spring migration 
BDMPS (March-
April) 


   


UK North Sea 
and Channel 


8,485 982 7,503 


UK Western 
waters 


25,090 4,673 20,417 
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Colour coding for numbers of UK birds in the autumn migration BDMPS is amber. This 
reflects uncertainty about changes in breeding numbers at some UK colonies that have not 
been censused since Seabird2000. Breeding numbers have declined recently at some of the 
larger colonies but appear to still be increasing at some small colonies, and it is the latter 
that tend to lack recent census data. Colour coding for numbers of birds from overseas 
populations passing through UK waters in autumn is coded red because information on 
migrations of great skuas from Iceland, Faroe and Norway is based only on ring recovery 
data. Recoveries of pelagic or offshore seabirds tend to be highly biased because only a 
very small proportion of ringed birds are recovered, and many recoveries are associated with 
mortality related to human activities (such as fishery bycatch or birds being shot). There is 
only limited data from tracking birds equipped with geolocators (small numbers of breeding 
adults having been tracked from Iceland and Norway in only a single year). For these 
reasons, numbers in the winter BDMPS are coded red as are numbers in the spring 
migration BDMPS. The spring data are considered less reliable than the autumn data 
because spring passage results in very few ring recoveries, tends to occur over a shorter 
time period, and tends to occur in western waters which have lower survey coverage in the 
ESAS database than for North Sea waters and also have fewer and less consistently 
watched migration sites. 


Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 30 to 
35. 


11.1 Breeding range and taxa 
The species is monotypic (unless southern hemisphere taxa which do not visit European 
waters are included as conspecific which seems to be contrary to genetic evidence) and 
biometrics do not appear to help to identify origins of individuals. Great skuas breed in 
Scotland (9,634 pairs; Mitchell et al. 2004, but now decreased to probably about 8,900 pairs 
or less based on known declines at UK SPA colonies and assuming similar declines at other 
colonies), Faroe (500 pairs; Hammer et al. 2013), Iceland (5,400 pairs; Mitchell et al. 2004), 
Norway (360 pairs including Bear Island, Svalbard and Jan Mayen; Mitchell et al. 2004), and 
Russia (at least 10 pairs; Anker-Nilssen et al. 2000).  


11.2 Non-breeding component of the population 
Great skuas start to breed when 7 years old (BTO Birdfacts). Adult survival rate is 0.888 
(BTO Birdfacts), juvenile survival 0.8 (BTO Birdfacts) and mean productivity is 0.664 chicks 
per pair (JNCC database, n=138 measurements). To obtain a stable population, survival of 
immatures was retained at 0.8 for juveniles, set at 0.82 for 1-year olds, 0.84 for 2-year olds, 
0.86 for 3-year olds and 0.888 for older age classes. The model population comprised 41% 
adults, 14% juveniles and 45% older immatures. There are 1.42 immatures per adult. 


11.3 Phenology 
Breeding colonies in the UK are largely deserted by October, with modal departure in August 
(Pennington et al. 2004; Forrester et al. 2007). Autumn migration starts in August (Cramp et 
al. 1977-94; Wernham et al. 2002; Pennington et al. 2004; Forrester et al. 2007). Peak 
autumn migration occurs in August-October in English waters (Brown and Grice 2005), early 
September (Pennington et al. 2004), September (Forrester et al. 2007), September-October 
(Cramp et al. 1977-94; Wernham et al. 2002), and July-October in Belgium (Vanermen et al. 
2013). Peak numbers observed in autumn at Trektellen seawatching UK sites 
(predominantly in south and east England) occurred in September and early October (Figure 
11.1). Autumn migration is completed by late October (Forrester et al. 2007), early 
November (Pennington et al. 2004), November (Wernham et al. 2002) or early December 
(Cramp et al. 1977-94).  
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Spring migration starts in early March (Cramp et al. 1977-94; Pennington et al. 2004) or 
March (Wernham et al. 2002; Forrester et al. 2007). Peak spring migration occurs in 
January-April in Belgium (Vanermen et al. 2013) but the inclusion of January probably 
represents movement of very small numbers of birds, in March-April (Cramp et al. 1977-94), 
or in April in the UK (Wernham et al. 2002; Pennington et al. 2004; Forrester et al. 2007). 
Peak numbers observed in spring at Trektellen seawatching UK sites (predominantly in 
south and east England) occurred in late April (Figure 11.1). Spring migration is completed 
by May (Wernham et al. 2002), late May (Cramp et al. 1977-94; Pennington et al. 2004) or 
June (Forrester et al. 2007).  
 
The first spring records of great skua in Shetland, Fair Isle, Orkney, and Argyll Bird Reports 
for 2007 to 2012 were between 13 February and 24 April but mostly in late March, and the 
last records ranged from 11 October to 15 December but were predominantly in mid-
November. Peak autumn migration was reported in August-September in most years, and 
peak spring migration was reported in April in most years. Birds re-occupy colonies from late 
March, with modal return in April (Pennington et al. 2004; Forrester et al. 2007). 
 


Figure 11.1. Average numbers of great skuas counted per hour at migration sites in the UK 
(which are mostly in south or east England). Data from Trektellen database accessed from 
the internet in January 2014. 
 
Kober et al. (2010) defined breeding season as May-August, non-breeding season 
September-April. From the data reviewed above, this would appear to be an appropriate 
definition. 


11.4 Defined seasons: 
• UK Breeding season     May-August 
• Post-breeding migration in UK waters  August-October (autumn BDMPS) 
• non-breeding season     September-April 
• Return migration through UK waters   March-April (spring BDMPS) 
• Migration-free breeding season  May-July 
• Migration-free winter season   November-February (winter BDMPS) 
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Apart from the breeding season, three seasonal BDMPS periods are considered to be 
appropriate for great skua: 


‘Autumn’ (post-breeding) migration BDMPS (August-October);  


‘Winter’ BDMPS (November-February); and 


‘Spring’ (pre-breeding) migration BDMPS (March-April). 


11.5 Movements of birds from the UK population 
Immatures (Klomp and Furness 1990) and failed breeders may leave colonies in July, 
followed in August-September by fledglings and successful breeders (Wernham et al. 2002; 
Furness 2010). Late breeders and young may not depart until October, and very small 
numbers remain in UK waters through to the end of the year and occasionally overwinter 
(Trektellen web site). Birds from UK colonies migrate over the Continental Shelf to the Bay of 
Biscay, Iberia or NW Africa. No adults from UK populations have been identified as wintering 
in North America. Only one or two ringed immatures from UK populations have been 
recovered on the coast of North America (Klomp and Furness 1992), so that region appears 
not to be visited by UK adults and not by significant numbers of UK immatures. Stable 
isotopes in feathers grown in the wintering area show location-specific signatures allowing 
individuals to be classified by major wintering areas: West Africa, southern Europe, or North 
America (Leat et al. 2013). Satellite tracking and deployment of geolocators on breeding 
great skuas suggests that numbers of adults wintering off west Africa may have increased, 
as numbers of ring recoveries from adult aged birds there were very small (Furness et al. 
2006; Magnusdottir et al. 2012). Spring migration occurs in March-May, with rather rapid 
northwards movement mostly in April (Wernham et al. 2002; Trektellen web site). The high 
speed of spring migration may partly explain why there are far fewer ring recoveries in spring 
than in autumn (Wernham et al. 2002), but it also seems that most birds migrate northwards 
to the west of the British Isles with very few passing through the North Sea in spring, 
whereas during autumn migration much larger numbers are seen in the North Sea (Tasker et 
al. 1987; Forrester et al. 2007; Trektellen web site). As with most migrant seabirds, juveniles 
tend to winter further south, on average, than immatures which in turn tend to winter further 
south than breeding adults (Klomp and Furness 1992). 


11.6 Movements of birds from overseas into UK waters 
Migrants from all other breeding areas may pass through UK waters in autumn, at about the 
same time as UK birds are moving from colonies; there are autumn ring recoveries from 
birds ringed in Faroe and Iceland (Wernham et al. 2002). During autumn, peak numbers in 
the North Sea are seen in September (Tasker et al. 1987) and this pattern is also evident 
from seawatching data (Trektellen web site). While all breeders from UK colonies are 
thought to migrate through Europe to winter in southern Europe and off West Africa, about 
half of the breeders at colonies in Iceland and Bear Island migrate to winter off North 
America (Magnusdottir et al. 2012). A few of the birds wintering off North America also visit 
European waters during the same winter (Magnusdottir et al. 2012). Stable isotopes in 
feathers grown in the wintering area show location-specific signatures allowing individuals to 
be classified by major wintering areas: West Africa, southern Europe, or North America (Leat 
et al. 2013). Within the east Atlantic wintering range of the species, birds from Norway and 
Iceland tended to winter further north than those from UK (Magnusdottir et al. 2012). Great 
skuas from Faroe appear to show much the same migration and winter distribution as birds 
from UK colonies (Hammer et al. 2013). Thus, the very small numbers of great skuas 
present in UK waters in winter are more likely to be adults from Norway or Iceland than they 
are to be from UK colonies. Since the UK breeding numbers are twice those in Iceland, and 
numbers in Norway, Faroe and Russia are relatively small, birds from UK colonies 
predominate in the total population. In UK waters during migration, probably at least 80% of 
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birds are from UK colonies, since half of the birds from Iceland and Norway apparently travel 
to North America directly and do not pass through UK waters. In winter, however, the very 
small numbers of great skuas in UK waters may be predominantly adults from Iceland and 
Norway because those birds winter further north than birds from the UK.  


11.7 Numbers in UK waters 
Very few great skuas are present in English waters in winter, but small numbers are in the 
SW Approaches from November to March (Brown and Grice 2005). Very few (Forrester et al. 
2007 estimate fewer than ten birds) are present in Scottish waters in winter. However, large 
numbers (relative to population size) migrate south through UK waters, especially through 
the North Sea, in autumn, and similar numbers migrate north through UK waters in spring, 
but predominantly to the west of the British Isles. Forrester et al. (2007) suggest that there 
are about 2,000 to 10,000 birds in Scottish waters in autumn, and about 1,000 to 6,000 in 
spring. These birds passing south inevitably also pass through English waters, as they 
winter off southern Europe or west Africa. It is reasonable to assume that almost the entire 
UK great skua population passes south through UK waters in autumn and all but the 
youngest age classes pass north through UK waters in spring (the youngest birds may 
remain in wintering areas all year, while middle ages of immature birds may migrate to 
Greenland and Norway in summer rather than stopping at UK breeding areas). The UK 
population is probably about 9,000 pairs at present, so 18,000 adults. Associated with this 
population are about 25,600 immatures, of which perhaps half will return to UK waters in 
summer and half be either in the wintering area or visit high latitudes rather than the UK in 
summer. So about 30,300 birds from the UK population are estimated to pass through UK 
waters on autumn migration. In addition, a few thousand birds from colonies in Norway, 
Russia, Faroe and Iceland pass through UK waters in autumn and spring. The exact number 
is not known, but the total is likely to be around 4,000 to 6,000 birds, as a large part of the 
Norwegian and Icelandic populations migrate west across the North Atlantic to Canadian 
waters, and some appear to migrate south from Iceland over the mid-Atlantic rather than via 
UK waters. These numbers are rather larger than the numbers suggested by Forrester et al. 
(2007) which presumably at least in part reflects the turnover that occurs with birds migrating 
through over a period of time, so that total numbers involved are larger than the ‘snapshot’ 
estimates provided by survey data. 


11.8 Biogeographic population 
Stroud et al. (2001) defined the biogeographic breeding population as that of the species’ 
population, comprising 13,600 pairs. However, Mitchell et al. (2004) provided a revised 
estimate of this population as 16,000 pairs. Kober et al. (2010) presented an estimated 
biogeographic population of 40,800 individuals. The biogeographic population with 
connectivity to UK waters is probably much the same as the total biogeographic population – 
so is estimated at 73,000 birds, 43,000 from the UK and 30,000 from overseas. This 
includes large numbers of immatures that do not necessarily return to UK waters but may 
range over areas from northern South America and west Africa to Greenland and the 
Barents Sea. Numbers in UK waters are estimated at 36,000 birds in autumn (August to 
October), 1,600 birds in winter (November to February), and 34,000 birds in spring (March 
and April).  
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Figure 11.2. Breeding population origins of great skuas in UK waters during migrations and 
winter. Estimated numbers of breeding pairs in each population are given. Base map from 
OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors.  
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Figure 11.3. Main movements of great skuas from UK breeding areas (red arrows) and from 
overseas populations (blue arrows) into UK waters during post-breeding dispersal/migration. 
Arrows imply general patterns of movement and should not be taken literally as indicating 
exact routes or exact starting and end points. Similarly, small numbers of birds occur in 
areas not marked by arrows and some birds may move in different directions from those 
broad patterns indicated. Movements probably tend to follow coastlines and arrows that 
cross land do not imply overland migration routes.  
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Figure 11.4. Main return movements of great skuas in spring to UK breeding areas (red 
arrows) and towards overseas populations (blue arrows) through UK waters. Arrows imply 
general patterns of movement and should not be taken literally as indicating exact routes or 
exact starting and end points. Similarly, small numbers of birds occur in areas not marked by 
arrows and some birds may move in different directions from those broad patterns indicated. 
Movements probably tend to follow coastlines and arrows that cross land do not imply 
overland migration routes.  
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Figure 11.5. Trend in the great skua breeding numbers in Orkney from 1982-2010. Data 
from Meek et al. (2011). 
 
Data show a 22.6% decline over the 10-year period between 2000 and 2010.  
 


 
Figure 11.6. Rate of growth (% change in numbers) of breeding numbers of great skuas at 
colonies in Orkney between 2000 and 2010 in relation to size of the colony in 2000 (Natural 
Log). While the largest colony (Hoy) decreased considerably in numbers, many of the small 
colonies grew. Data from Meek et al. (2011). 


11.9 Proportion of UK population from UK breeding SPAs 
The 9 SPAs with breeding great skuas as a feature together held 6,262 pairs at designation, 
estimated to represent ca. 74% of the British breeding population (Stroud et al. 2001). 
Numbers have decreased since 2000 in Orkney, and at large SPA colonies in Shetland such 
as Foula, but have continued to increase at some smaller colonies. So the exact population 
size now is uncertain but is likely to be around 9,000 pairs. Because several of the largest 
colonies have decreased particularly markedly in size, and those are all SPA populations, 
the proportion of the UK population in the SPA suite for breeding great skuas will probably 
be less than it was previously. Based on data from years between 2000 and 2011, Stroud et 
al. (2014) estimated that 73.6% of the population was on SPAs. However, the figure may 
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now be closer to 70% due to continued large declines at Foula and Hoy in particular (the two 
largest colonies) and possibly some increases in areas that are not SPA populations where 
small numbers breed although those increases are very unlikely to be large enough to have 
much effect in reducing the overall decline in total breeding numbers that seems to be 
occurring (see Figure 11.8).  
  


 
Figure 11.7. The SPA suite for great skua. These SPA populations are listed in Table 11.1. 
 
Table 11.1. The UK SPA suite for breeding great skuas. 
SPA Location Pairs Year 


desig-
nated 


Site 
Condition 
Monitoring* 


Recent 
count 


Year Reference 


UK North Sea & Channel 


Hermaness, 
Saxavord & 
Valla 


Shetland 630 1994 Maintained 
2013 


726 
751 
979 


2001 
2007 
2013 


SMP database 
SMP database 
SMP database 


Ronas Hill – 
North Roe & 
Tingon 


Shetland 130 1997 Maintained 
2002 


189 2002 Stroud et al. 2014 


Fetlar Shetland 512 1994 Maintained 
2006 


593 
585 


2001 
2002 


SMP database 
Stroud et al. 2014 


Foula Shetland 2,170 
(1992) 


1995 Declined 
2007 


2,293 
1,657 


2000 
2007 


Seabird2000 
SMP database 
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Noss Shetland 410 1996 Maintained 


2007 
432 
365 
465 


2001 
2007 
2013 


Lewis et al. 2012 
Lewis et al. 2012 
SMP database 


Fair Isle Shetland 130 1994 Maintained 
2009 


280 
227 
300 
266 


2010 
2011 
2012 
2013 


SMP database 
SMP database 
FIBO Report 
SMP database 


Hoy Orkney 1,900 
(1992) 


2000 Maintained 
2000 


1,973 
1,346 


2000 
2010 


Seabird2000 
Meek et al. 2011 


UK Western waters 


Handa NW 
Scotland 


110 1990 Maintained 
2000 


212 
202 
190 
272 
266 
241 
135 


2005 
2006 
2007 
2008 
2009 
2010 
2013 


SMP database 
SMP database 
SMP database 
Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 
SMP database 


St Kilda Western 
Isles 


270 
(1997) 


1992 Maintained 
2000 


240 
Hirta 
only: 
210 
189 
139 
174 
151  


2000 
 
 
2000 
2007 
2008 
2009 
2012 


Seabird2000 
 
 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 
 


 
Figure 11.8. Percent change in numbers of pairs of great skuas from 1992 to 2010 at the 
largest colonies where count data are available (Foula, Hoy, Hermaness, Noss, St Kilda, 
Fair Isle, Handa). The data indicate that colonies of more than 400 pairs would decline in 
size while those with considerably fewer than 400 would grow. Data from Seabird Monitoring 
Programme database. 
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11.10 BDMPs 
We need to consider three separate seasonal BDMPSs as the numbers in UK waters in 
winter are very much smaller than in autumn or spring, while in spring the migration route 
most used by great skuas is different from that used in autumn. We need to consider two 
spatial units for BDMPS; UK North Sea and Channel waters, and UK western waters. Most 
great skua colonies are in UK North Sea and Channel waters, but large numbers of migrants 
pass through UK western waters, especially in spring. Details of apportioning of birds into 
BDMPS are presented in Appendix A Tables 30 to 35.  
 
Based on evidence reviewed in sections 11.5, 11.6 and 11.7, in autumn in the UK North Sea 
and Channel BDMPS, it is estimated that 60% of adults and 30% of immatures from colonies 
in the Northern Isles and Caithness will be members of the UK North Sea and Channel 
BDMPS, while 40% of adults and 20% of immatures will be members of the UK western 
waters BDMPS. This recognises that fact that a substantial number of birds from colonies in 
the northern isles move quickly during autumn migration into UK western waters but then 
spend some time there before moving further south to wintering areas, so those birds are 
allocated pro rata to the UK western waters BDMPS rather than to the UK North Sea and 
Channel BDMPS from which they departed from their breeding colonies at the end of the 
breeding season. No birds from colonies in the west of Scotland will be in the North Sea and 
Channel BDMPS whereas 100% of adults and 40% of immatures will be in the UK western 
waters BDMPS (Appendix A Tables 30 and 31). In addition, during autumn migration it is 
estimated that 10% of adults and 5% of immatures from Iceland, Norway and Faroe will be in 
the UK North Sea and Channel BDMPS, and 20% of adults and 5% of immatures from 
Iceland, 10% of adults and 5% of immatures from Norway, and 30% of adults and 5% of 
immatures from Faroe will be in the UK western waters BDMPS. These values result in an 
estimated BDMPS of 19,556 birds in the UK North Sea and Channel in autumn (17,415 
originating from the UK), and 16,336 birds in the UK western waters BDMPS (12,915 
originating from the UK).  
 
Geolocator data loggers, satellite tracking data, and stable isotope analysis indicate that 
virtually all great skuas from the UK winter further south than UK waters with only a few 
adults wintering in the UK SW Approaches, whereas tracking data from adults nesting in 
Iceland and Norway show that birds from those populations tend to winter further north than 
birds from the UK. This implies that most, and apparently almost all, great skuas wintering in 
UK waters are birds from overseas populations. In the winter UK North Sea and Channel 
BDMPS there are thought to be no birds from UK colonies, and only very small numbers 
from overseas. Based on evidence reviewed in sections 11.5, 11.6 and 11.7, it is estimated 
that 1% of adults and 0.1% of immatures from Iceland, Norway and Faroe winter in UK North 
Sea and Channel waters (a total of 143 birds; Appendix A Table 32), while it is estimated 
that 1% of adults from UK colonies, 5% of adults and 0.1% of immatures from Faroe, 10% of 
adults and 0.1% of immatures from Iceland and Norway winter in UK western waters. This 
results in a BDMPS for UK western waters in winter of 1,398 birds. These totals appear to be 
reasonably consistent with evidence from the ESAS database and other at sea survey data 
which suggest a small winter hotspot for great skuas in the far SW of UK waters (Kober et al. 
2010).   
 
Based on evidence reviewed in sections 11.5, 11.6 and 11.7, spring migration of great skuas 
sees rather few birds moving north through the southern North Sea, but more pronounced 
migration through UK western waters, with many adults returning to colonies in the northern 
isles by way of western waters rather than through the North Sea. It is estimated that 30% of 
adults and 10% of immatures from UK North Sea colonies are in the UK North Sea and 
Channel spring BDMPS, whereas 70% of adults and 30% of immatures are in the UK 
western waters spring BDMPS (Appendix A Tables 34 and 35). 100% of adults and 40% of 
immatures from western colonies are in the UK western waters spring BDMPS. For birds 
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from overseas populations in spring, 5% of adults and 2% of immatures from Iceland, 
Norway and Faroe are estimated to be in the UK North Sea and Channel spring BDMPS, 
whereas 30% of adults and 5% of immatures from Iceland, 20% of adults and 5% of 
immatures from Norway, and 40% of adults and 5% of immatures from Faroe are in the UK 
western waters spring BDMPS (Appendix A Tables 34 and 35). This gives estimated 
BDMPSs for spring of 8,485 birds in the UK North Sea and Channel, and 25,090 birds in the 
UK western waters. 
 


 
Figure 11.9. Two defined BDMPS spatial areas for great skua: ‘UK North Sea and Channel’ 
and ‘UK Western waters’. 


11.11 Proportions of UK SPA birds in each BDMPS 
The UK suite for breeding great skuas is very strongly concentrated in the NW North Sea, 
with only small numbers in the West of Scotland region (Handa 135 pairs, St Kilda 151 
pairs). The birds from SPA populations in the NW North Sea do not all migrate south through 
the North Sea; a proportion migrate southwards via the west of the British Isles. So the 
proportions of UK SPA birds in the different BDMPS in autumn and spring are not 
dramatically different despite the concentration of SPA birds being in Orkney and Shetland. 
Proportions can be computed from data in Appendix A Tables 30, 31, 34 and 35. For 
example, 6,584 adults from great skua breeding UK SPAs are in the UK North Sea and 
Channel autumn BDMPS which totals 19,556 birds, so adults from SPA colonies represent 
34% of the total present. In UK western waters in autumn, adults from SPA colonies total 
5,022 birds out of a population of 16,336, or 31%. Wintering birds in each BDMPS are likely 
to be predominantly from colonies in Norway and possibly Iceland, as those birds winter 
further north, on average, than birds from the UK. Data in Appendix A Tables 32 and 33 can 
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be used to estimate the proportion of each winter BDMPS comprising adults from breeding 
great skua UK SPAs. In the winter UK North Sea and Channel BDMPS this proportion is 0% 
adults from UK SPA colonies. In the winter UK western waters BDMPS there are estimated 
to be 116 adults from breeding great skua UK SPAs, from a BDMPS of 1,398 birds, so about 
8% are adults from UK SPAs.  


11.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
Great skuas disperse from colonies in all directions at the end of the breeding season, and 
so the SPA birds will be mixed with non-SPA birds across the BDMPS. Aggregations of SPA 
birds are unlikely except to the extent that in Shetland some adults may attend colonies late 
into autumn, so there is likely to be some tendency for proportions of SPA birds to be locally 
higher close to the main SPA sites into the autumn, and birds returning early in spring may 
similarly aggregate in waters close to colonies before returning to their breeding territories 
onshore. However, aggregations are not likely to be pronounced, and there will be 
considerable mixing of birds from different populations. 
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12. LESSER BLACK-BACKED GULL Larus fuscus 
 Biogeographic 


population with 
connectivity to 
UK waters 
(adults and 
immatures) 


Numbers in UK 
waters in 
autumn 
(August to 
October) 
(adults and 
immatures) 


Numbers in UK 
waters in 
winter 
(November to 
February) 
(adults and 
immatures) 


Numbers in UK 
waters in 
spring (March-
April) (adults 
and 
immatures) 


Overseas 572,000 105,969 15,350 94,445 


UK 292,000 266,342 65,123 266,342 


Total 864,000 372,311 80,473 360,787 


 


 Total number of 
birds in BDMPS 
(adults plus 
immatures) 


Number from 
overseas 
populations 
(adults plus 
immatures) 


Number from UK 
population (adults 
plus immatures) 


Autumn migration 
BDMPS (August-
October) 


   


UK North Sea and 
Channel 


209,007 62,870 146,137 


UK Western waters 163,304 43,099 120,205 


Winter BDMPS 
(November-February) 


   


UK North Sea and 
Channel 


39,314 7,724 31,590 


UK Western waters 41,159 7,626 33,533 


Spring migration 
BDMPS (March-April) 


   


UK North Sea and 
Channel 


197,483 51,346 146,137 


UK Western waters 163,304 43,099 120,205 


 
Numbers of lesser black-backed gulls in colonies in the UK are moderately well documented, 
with most SPA populations counted in at least one year since completion of Seabird2000. 
Moderate but fairly consistent declines in breeding numbers since 2000 are indicated both 
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by the JNCC seabird monitoring data and by examination of SPA colony counts. Thus data 
on numbers of UK lesser black-backed gulls migrasting through UK waters are coded 
amber. However, numbers of overseas lesser black-backed gulls passing through UK waters 
on migration are less well known. Information is mainly from ring recovery data (but including 
very extensive and detailed colour ringing studies from the Netherlands). Populations of 
lesser black-backed gulls overseas are large, and although only small or very small 
proportions of these birds migrate through UK waters, this increases the uncertainty about 
numbers passing through UK waters so estimated numbers of overseas birds are coded red. 
Numbers of lesser black-backed gulls wintering in UK waters seem to vary from year to year, 
presumably in relation to weather or food abundance. These numbers have increased over 
recent decades, but there is further uncertainty regarding the extent to which these birds 
spend time at sea or in terrestrial habitats. Wintering numbers in BDMPS are coded red both 
for numbers from overseas and from UK. 


Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 36 to 
41. 


12.1 Breeding range and taxa 
Three subspecies of lesser black-backed gull breed in Europe, but biometrics of individuals 
do not seem to have been used to identify origins of individuals. The subspecies fuscus 
breeds in Finland, northern Norway and northern and eastern Sweden, and has a distinct 
migration pattern, moving to winter in east Africa (Bustnes et al. 2013). Birds from that 
subspecies (which are relatively easy to identify in the field from plumage features) only 
occur in UK waters as vagrants. The subspecies graellsii breeds in Iceland, Faroe, the 
British Isles, and western Europe south to Portugal, and winters predominantly in Iberia or 
on the coast of northwest Africa. The subspecies intermedius breeds in Denmark, southern 
Norway and southern Sweden while populations somewhat intermediate between 
intermedius and graellsii breed in Germany and the Netherlands (Wernham et al. 2002). 
Birds from populations of intermedius show much the same migration patterns as birds from 
graellsii (Wernham et al. 2002).  


12.2 Non-breeding component of the population 
Lesser black-backed gulls start to breed when 4 years old (BTO Birdfacts). Adult survival 
rate is given as 0.913 in BTO Birdfacts (but more recent work on this species indicates a 
decline in survival with time for the population at Skomer http://jncc.defra.gov.uk/page-2886 
so a lower value could be used but would have only a small influence on the ratio estimate 
because of corresponding adjustment of immature survival rates in the opposite direction to 
achieve a stable population trend), juvenile survival unknown (BTO Birdfacts) and mean 
productivity is 0.517 chicks per pair (JNCC database, n=66 measurements). To obtain a 
stable population, survival of immatures was adjusted to 0.7 for juveniles, 0.74 for 1-year 
olds, 0.79 for 2-year olds, 0.84 for 3-year olds. The model population comprised 60% adults, 
15% juveniles and 25% older immatures. There are 0.68 immatures per adult. 


12.3 Phenology 
Breeding colonies in the UK are deserted by September, with modal departure in late July or 
early August (Pennington et al. 2004; Forrester et al. 2007). Autumn migration starts in late 
June (Pennington et al. 2004), July (Cramp et al. 1977-94; Forrester et al. 2007) or mid-July 
(Wernham et al. 2002). Peak autumn migration occurs in August (Pennington et al. 2004), 
August-September (Wernham et al. 2002), September (Forrester et al. 2007), and June-
October in Belgium (Vanermen et al. 2013) and August-November throughout Europe and 
North Africa (Cramp et al. 1977-94). Peak rate of change in numbers observed in autumn at 
Trektellen seawatching UK sites (predominantly in south and east England) occurred rather 
consistently through August-November (Figure 12.1) suggesting a very protracted autumn 
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migration through UK waters. Autumn migration is completed by early October in Shetland 
(Pennington et al. 2004) but not until October-November (Wernham et al. 2002) or 
November (Forrester et al. 2007) or early December (Cramp et al. 1977-94) in the UK as a 
whole.  
 
Spring migration starts in February in the winter quarters (Cramp et al. 1977-94), mid-
February (Wernham et al. 2002) or late February (Forrester et al. 2007) in the UK as a 
whole, or early March (Pennington et al. 2004) in Shetland. Peak spring migration occurs in 
February-April in Belgium (Vanermen et al. 2013), in March (Wernham et al. 2002; Forrester 
et al. 2007), March-April (Cramp et al. 1977-94), or in April in Shetland (Pennington et al. 
2004). Peak numbers observed in spring at Trektellen seawatching UK sites (predominantly 
in south and east England) occurred in early March, although there were suggestions of a 
further peak in mid-April (Figure 12.1). Spring migration is completed by April (Wernham et 
al. 2002) or May (Cramp et al. 1977-94; Forrester et al. 2007) or early June in Shetland 
(Pennington et al. 2004).  
 
The first spring records of lesser black-backed gull in Shetland, Fair Isle, Orkney, and Argyll 
Bird Reports for 2007 to 2012 were from 2 January to 1 April, but mostly in February, and 
the last records were from 25 August to 29 December, but mostly in late October. Peak 
autumn dispersal/migration was reported in July-August in most years, and peak spring 
migration was reported in March in most years. Birds re-occupy colonies from late February 
or early March with modal return in late March (Pennington et al. 2004; Brown and Grice 
2005; Forrester et al. 2007). 
 


Figure 12.1. Average numbers of lesser black-backed gulls counted per hour at migration 
sites in the UK (which are mostly in south or east England). Data from Trektellen database 
accessed from the internet in January 2014. 
 
Kober et al. (2010) defined breeding season as May-August, non-breeding season 
September-April. However, from the data reviewed above, a more appropriate definition 
would be breeding season April-August, non-breeding season September-March. 
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12.4 Defined seasons: 


• UK Breeding season     April-August 
• Post-breeding migration in UK waters  August-October (autumn BDMPS) 
• non-breeding season     September-March 
• Return migration through UK waters   March-April (spring BDMPS) 
• Migration-free breeding season  May-July 
• Migration-free winter season   November-February (winter BDMPS) 


Apart from the breeding season, three seasonal BDMPS periods are considered to be 
appropriate for lesser black-backed gull: 


‘Autumn’ (post-breeding) migration BDMPS (August-October);  


‘Winter’ BDMPS (November-February); and 


‘Spring’ (pre-breeding) migration BDMPS (March-April). 


12.5 Movements of birds from the UK population 
In the UK, autumn movements start in the second half of July. Migration southwards is fairly 
rapid from northern colonies, with most birds away by August (Orkney Bird Reports; 
Shetland Bird Reports), but is protracted in southern Britain where some birds remain near 
colonies until early October (Wernham et al. 2002). Timing of dispersal from colonies is the 
same in The Netherlands; occurring in July-August (Camphuysen 2013). Many fledglings are 
accompanied by their parents during initial autumn dispersal, but it is unclear if families 
remain together during autumn migration. Camphuysen (2013) found that successful 
breeders abandoned the colony when their young were about 50 days old, and that 
southward autumn movement started first in immatures, then in adults, and last in juveniles, 
suggesting that post-fledging care of juveniles was mostly minimal. Camphuysen (2013) 
reported that movement away from colonies in The Netherlands occurred earlier in autumn 
in years since 2000 than it had previously, suggesting deteriorating conditions in the 
breeding areas. Young birds tend to move further south than adults (Wernham et al. 2002). 
Some adults apparently tend to return each year to the same wintering site, although some 
may change wintering areas between years. Adults return to colonies in the UK in February 
to April (Wernham et al. 2002), with some evidence for birds that winter furthest north 
arriving back at colonies first. Until the 1950s the lesser black-backed gull in the UK was 
considered to be a migrant, with all birds wintering in southern Europe or north Africa. 
However, in the 1960s and 1970s increasing numbers, mostly of adults, remained in the UK 
overwinter (Wernham et al. 2002). This change may relate as much to availability of land-fill 
feeding sites as to warming of the climate (Banks et al. 2007). There were estimated to be 
about 70,000 lesser black-backed gulls wintering in Britain and Ireland in censuses held in 
1985 and 1993 (Wernham et al. 2002), and 125,113 in 2003-06 (Burton et al. 2013) 
suggesting that numbers have continued to increase. Not only did winter distribution change, 
but migration routes also changed, with increasing numbers migrating overland. Recent 
tracking studies by the British Trust for Ornithology of breeding adults from a colony in East 
Anglia found that although autumn migration was predominantly coastal, the more rapid 
spring migration from north Africa to England occurred overland through central France.  


12.6 Movements of birds from overseas into UK waters 
Foreign-ringed lesser black-backed gulls recovered in Britain and Ireland have come from 
Iceland, Faroe, Norway, Sweden, Finland, Denmark, the Netherlands, Belgium, the Channel 
Islands and Spain; almost 60% of these are likely to be from the subspecies intermedius 
mostly from breeding sites in Norway, Sweden and Denmark, while the remaining 40% are 
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predominantly graellsii from Iceland and Faroe (Wernham et al. 2002). The single recovery 
of a bird of the subspecies fuscus from Finland can be discounted as exceptional, as that 
subspecies can be identified in the field from plumage features, and is only very rarely seen 
in the UK (Wernham et al. 2002). Most foreign-ringed lesser black-backed gulls from 
Norway, Sweden, Denmark, the Netherlands and Belgium have been found in SE England 
(Wernham et al. 2002), suggesting that these continental birds cross the southern North 
Sea. Birds from Iceland and Faroe have been more broadly distributed through the British 
Isles. However, lesser black-backed gulls from colonies in The Netherlands mostly winter in 
France, Portugal and Spain, and relatively few birds marked in The Netherlands have been 
seen in the UK (Camphuysen 2013), although there are a few records. Seabird 2000 
reported 87,413 pairs in UK, 3,800 pairs in Ireland, 25,000 pairs in Iceland, 9,000 pairs in 
Faroe, 25,000-36,000 pairs in Norway, 15,000-20,000 pairs in Sweden (however BirdLife 
International (2004) cite 2000-5000 pairs in Sweden but without listing the data source), 
4,400 pairs in Denmark, 32,000-57,000 pairs in the Netherlands. In the Netherlands, 
breeding numbers peaked around 2005 (Camphuysen 2013) at around 90,000 pairs and are 
probably now around 80,000 pairs (Camphuysen 2013).  


12.7 Numbers in UK waters 
Musgrove et al. (2013) report that there are 120,000 in Britain in winter, 130,000 in UK in 
winter, but it is unclear if these include birds at sea as well as onshore and at coastal roosts. 
From surveys in 2007 and 2008, Fauchald and Tveraa (2009) reported mean densities at 
sea of 0.7-10 birds per km2 in the Norwegian Sea in spring/summer, and 0 birds per km2 in 
the Barents Sea in autumn. Lesser black-backed gulls are distributed throughout the North 
Sea in summer but with much higher densities in the southeastern North Sea and low 
densities in the northwestern North Sea (Skov et al. 1995; Camphuysen 2013). About 
130,000 birds were estimated to be in the North Sea in March-August (Skov et al. 1995) 
(although this estimate was based on data that are now rather out of date), with about 95% 
of these in the eastern half of the North Sea (Camphuysen 2013). Areas of greatest 
importance for this species in the North Sea are between Vlieland and Ijmuiden (off Texel) 
from May to October, in the Skagerrak in March-April and Helgoland Bight in May-June 
(Camphuysen 2013). Lesser black-backed gulls show a strong association with the 
distribution of fishing vessels in the southern North Sea in summer, congregating in areas 
where fisheries discards are available (Camphuysen et al. 1995), so their distribution reflects 
the locations of large colonies and also the behaviour of fisheries in the area. In winter, the 
North Sea is largely abandoned, but about 15,000 birds spend the winter in the English 
Channel (Camphuysen 2013). According to Brown and Grice (2005) highest numbers in 
English waters in winter are found in the Celtic and Irish Seas and SW Approaches. 
Wintering numbers inland in England have increased from 165 in 1953 to 6,960 in 1963, 
15,823 in 1973, 36,154 in 1983, and 27,230 in 1993 (Brown and Grice 2005). It is estimated 
that there were 70,000 lesser black-backed gulls wintering in England (inland plus English 
waters) in the 1980s, and that numbers have increased since then (Brown and Grice 2005). 
Forrester et al. (2007) suggest that only about 200-600 birds winter in Scotland but that there 
are 30,000-50,000 in spring passage and 50,000-80,000 in autumn passage. Bradbury et al. 
(in press) used ESAS and offshore wind farm survey data to compare the relative 
importance of different marine areas at different times of year. 


12.8 Biogeographic population 
Stroud et al. (2001) defined the biogeographic breeding population as that of the subspecies 
graellsii population, comprising 124,000 pairs. However, Mitchell et al. (2004) provided a 
revised estimate of this population as 179,000 pairs. Kober et al. (2010) presented an 
estimated biogeographic population of 550,000 individuals. The biogeographic population 
with connectivity to UK waters totals about 292,000 birds (adults plus immatures) from the 
UK plus 572,000 birds (adults plus immatures) from overseas populations (Iceland, Norway, 
Sweden, Denmark, Faroe, Ireland, and The Netherlands). However, only small proportions 
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of the birds from overseas populations visit UK waters, so the estimated total numbers in UK 
waters are much smaller than this total. In autumn (August to October) there are estimated 
to be 372,000 birds in UK waters, 266,000 from UK and 106,000 from overseas. In winter 
(November to February) there are estimated to be 80,000 birds in UK waters, 65,000 from 
the UK and 15,000 from overseas. In spring (March and April) there are estimated to be 
360,000 birds in UK waters, 266,000 from UK and 94,000 from overseas. 
 


 
Figure 12.2. Breeding population origins of lesser black-backed gulls in UK waters during 
migrations and winter. Estimated numbers of breeding pairs in each population are given. 
Base map from OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors.  


  123 | P a g e  
 



http://www.openstreetmap.org/





 


 


 
 
 
 
Figure 12.3. Main movements of lesser black-backed gulls from UK breeding areas (red 
arrows) and from overseas populations (blue arrows) into UK waters during post-breeding 
dispersal/migration. Arrows imply general patterns of movement and should not be taken 
literally as indicating exact routes or exact starting and end points. Similarly, small numbers 
of birds occur in areas not marked by arrows and some birds may move in different 
directions from those broad patterns indicated. Movements probably tend to follow coastlines 
and arrows that cross land do not imply overland migration routes.  
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Figure 12.4. Main return movements of lesser black-backed gulls in spring to UK breeding 
areas (red arrows) and towards overseas populations (blue arrows) through UK waters. 
Arrows imply general patterns of movement and should not be taken literally as indicating 
exact routes or exact starting and end points. Similarly, small numbers of birds occur in 
areas not marked by arrows and some birds may move in different directions from those 
broad patterns indicated. Movements probably tend to follow coastlines and arrows that 
cross land do not imply overland migration routes.  
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Figure 12.5. Trend in the lesser black-backed gull breeding population index in UK from 
1986-2012. Data from JNCC seabird population monitoring database. 
 


 
Figure 12.6. Trend in the lesser black-backed gull breeding population index in Wales from 
1986-2012. Data from JNCC seabird population monitoring database. 


12.9 Proportion of UK population from UK breeding SPAs 
The 10 SPAs with breeding lesser black-backed gulls as a feature together held 88,633 pairs 
at designation, estimated to represent ca. 100% of the British breeding population (Stroud et 
al. 2001). However, this clearly overestimates the proportion on SPAs as there have been 
non-SPA colonies with substantial numbers for many decades. The 2014 UK SPA review 
(Stroud et al. 2014) reported that the UK breeding SPA populations represented 38.5% of 
the GB population in 2003-11, this large decrease being due to very large declines in 
breeding numbers at some of the largest colonies (all of which are SPAs).  
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Figure 12.7. The SPA suite for lesser black-backed gull. These SPA populations are listed in 
Table 12.1. 
 
Table 12.1. The UK SPA suite for breeding lesser black-backed gulls. 
SPA Location Pairs Year 


desig- 
nated 


Site 
Condition 
Monitoring* 


Recent 
count 


Year Reference 


UK North Sea & Channel 
Forth Islands E 


Scotland 
1,500 
(1985) 
Or 
2,920 
(Stroud 
et al. 
2001) 


1990 Maintained 
2008 


2,013 
>2,100 
1,608 


2002 
2008 
2005-
2009 


Lewis et al. 2012 
Lewis et al. 2012 
Stroud et al. 
2014 


Alde-Ore 
Estuary 


SE 
England 


14,070 
(1994-
1998) 
Or 
21,700 
(Stroud 
et al. 
2001) 


1996 Counts may 
relate to just 
Orfordness 
and may 
exclude 
Havergate 
Marshes; 
there were 
1747 AON 
there in 
2013 


6,000 
5,000 
1,678 
1,584 
900 
550 
550 
640 


2003 
2006 
2007 
2008 
2009 
2010 
2011 
2012 


Stroud et al. 
2014 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
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UK Western waters 
Ailsa Craig W 


Scotland 
1,800 
(1987) 


1990 Declined 
2010 


183 2010 Lewis et al. 2012 


Rathlin Island N Ireland 155 
(1985) 


1999  127 
36 
107 


1999 
2007 
2011 


SMP database 
SMP database 
Stroud et al. 
2014 


Lough Neagh 
& Lough Beg 


N Ireland 450 
(Stroud 
et al. 
2001) 


1996  385 
493 


2000 
2000 


SMP database 
Stroud et al. 
2014 
 


Bowland Fells NW 
England 


11,470 
Or 
13,900 
(1998) 
(Stroud 
et al. 
2001) 


1993  18,518 
4,575 
 
 


2001 
2008-
2012 


SMP database 
Stroud et al. 
2014 


Morecambe 
Bay 


NW 
England 


22,000 
(Stroud 
et al. 
2001) 


1996  12,100 
11,988 
10,354 
10,670 
9,829 
8,130 
4,987 


2006 
2007 
2008 
2009 
2010 
2011 
2012 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Ribble and Alt 
Estuaries 


 1,800 
(1993) 


1995 The 2012 
count used 
a new 
method and 
may not be 
a real 
increase 
from 2008 


4,150 
3,348 
4,117 
8,267 


1998 
2003 
2008 
2012 


SMP database 
SMP database 
SMP database 
SMP database 


Skomer and 
Skokholm 


Wales 20,300 
(1993-
1997) 


1982  12,660 
12,780 
12,690 
10,890 
9,640 


2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Isles of Scilly SW 
England 


3,608 
(1999) 


2001  3,400 
3,333 


2006 
2006 


SMP database 
Stroud et al. 
2014 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 


12.10 BDMPS 
UK waters can be split into two spatial BDMPS for lesser black-backed gulls, the UK North 
Sea and Channel, and the UK western waters (Figure 12.8). This split is based on the fact 
that while some lesser black-backed gulls from colonies in western Britain move into the 
North Sea during autumn migration, many tend to move southwards in autumn through UK 
western waters whereas birds from North Sea colonies tend primarily to move southwards 
through the North Sea. In addition, birds from overseas are likely to show a tendency to 
occur more in one side of the UK than the other, with birds from continental Europe more 
frequent in the North Sea than in western waters. There is a need to define three distinct 
seasonal BDMPS in each of these spatial units – autumn migration (August to October), 
winter (November to February), and spring migration (March and April). Numbers are much 
smaller in winter than during the migration periods. 
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Apportioning of numbers from SPA populations, non-SPA colonies and from overseas 
populations is presented in Appendix A Tables 36 to 41.  
 
Based on evidence reviewed in sections 12.5, 12.6 and 12.7, in autumn in the UK North Sea 
and Channel, the BDMPS is estimated to include 100% of adults and 70% of immatures 
from colonies on the UK North Sea coast, 50% of adults and 40% of immatures from UK 
colonies in western Scotland, Northern Ireland and NW England, 30% of birds from colonies 
in Wales and 10% of adults and 5% of immatures from the Isles of Scilly (Appendix A Table 
36). The BDMPS is also estimated to include birds from several overseas populations; 20% 
of adults and 10% of immatures from Iceland, 30% of adults and 10% of immatures from 
Norway, 40% of adults and 20% of immatures from Faroe, 10% of adults and 5% of 
immatures from Sweden, Denmark and Ireland, 5% of adults and 2.5% of immatures from 
The Netherlands. These proportions result in an estimated BDMPS of 209,007 birds in the 
UK North Sea and Channel in autumn, 146,137 from the UK and 62,870 from overseas. 
 
Based on evidence reviewed in sections 12.5, 12.6 and 12.7, in autumn in UK western 
waters, the BDMPS is estimated to include no adults from UK North Sea colonies but 10% of 
immatures from those sites, 50% of adults and 40% of immatures from colonies from west 
Scotland, Northern Ireland and NW England, 70% of adults and 40% of immatures from 
colonies in Wales, 90% of adults and 60% of immatures from colonies in SW England 
(Appendix A Table 37). The BDMPS is also estimated to include birds from several overseas 
populations; 20% of adults and 10% of immatures from Iceland, 10% of adults and 5% of 
immatures from Norway, 40% of adults and 20% of immatures from Faroe, 5% of adults and 
2% of immatures from Sweden and Denmark, 40% of adults and 20% of immatures from 
Ireland, 2.5% of adults and 1% of immatures from The Netherlands. These proportions result 
in an estimated BDMPS of 163,304 birds in the UK North Sea in autumn, 120,205 from the 
UK and 43,099 from overseas. 
 
Based on evidence reviewed in sections 12.5, 12.6 and 12.7, in winter in the UK North Sea 
and Channel, the BDMPS is estimated to include 50% of adults and 5% of immatures from 
colonies on the UK North Sea coast, 10% of adults and 1% of immatures from UK colonies 
in western Scotland, Northern Ireland, Wales and W England (Appendix A Table 38). The 
BDMPS is also estimated to include birds from several overseas populations; 5% of adults 
but no immatures from Iceland, Norway, and Faroe, 1% of adults but no immatures from 
Sweden, Denmark and Ireland, 0.5% of adults but no immatures from The Netherlands. 
These proportions result in an estimated BDMPS of 39,314 birds in the UK North Sea and 
Channel in winter, 31,590 from the UK and 7,724 from overseas. 
 
Based on evidence reviewed in sections 12.5, 12.6 and 12.7, in winter in UK western waters, 
the BDMPS is estimated to include no birds from UK North Sea colonies, 20% of adults and 
5% of immatures from colonies from west Scotland, Northern Ireland, Wales and W England 
(Appendix A Table 39). The BDMPS is also estimated to include birds from several overseas 
populations; 5% of adults but no immatures from Iceland, 2% of adults but no immatures 
from Norway, 5% of adults but no immatures from Faroe, 1% of adults but no immatures 
from Sweden and Denmark, 20% of adults and 5% of immatures from Ireland, 0.5% of adults 
but no immatures from The Netherlands. These proportions result in an estimated BDMPS of 
41,159 birds in the UK North Sea in winter, 33,533 from the UK and 7,626 from overseas. 
 
Based on evidence reviewed in sections 12.5, 12.6 and 12.7, in spring in the UK North Sea 
and Channel, the BDMPS is estimated to include 100% of adults and 70% of immatures 
from colonies on the UK North Sea coast, 50% of adults and 40% of immatures from UK 
colonies in western Scotland, Northern Ireland and NW England, 30% of birds from colonies 
in Wales and 10% of adults and 5% of immatures from the Isles of Scilly (Appendix A Table 
40). The BDMPS is also estimated to include birds from several overseas populations; 10% 
of adults and 5% of immatures from Iceland, 30% of adults and 10% of immatures from 
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Norway, 20% of adults and 10% of immatures from Faroe, 10% of adults and 5% of 
immatures from Sweden, Denmark and Ireland, 5% of adults and 2.5% of immatures from 
The Netherlands. These proportions result in an estimated BDMPS of 197,483 birds in the 
UK North Sea and Channel in spring, 146,137 from the UK and 51,346 from overseas. 
 
Based on evidence reviewed in sections 12.5, 12.6 and 12.7, in spring in UK western waters, 
the BDMPS is estimated to include no adults from UK North Sea colonies but 10% of 
immatures from those sites, 50% of adults and 40% of immatures from colonies from west 
Scotland, Northern Ireland and NW England, 70% of adults and 40% of immatures from 
colonies in Wales, 90% of adults and 60% of immatures from colonies in SW England 
(Appendix A Table 41). The BDMPS is also estimated to include birds from several overseas 
populations; 20% of adults and 10% of immatures from Iceland, 10% of adults and 5% of 
immatures from Norway, 40% of adults and 20% of immatures from Faroe, 5% of adults and 
2% of immatures from Sweden and Denmark, 40% of adults and 20% of immatures from 
Ireland, 2.5% of adults and 1% of immatures from The Netherlands. These proportions result 
in an estimated BDMPS of 163,304 birds in the UK North Sea in spring, 120,205 from the 
UK and 43,099 from overseas. 
 


 
Figure 12.8. Two defined BDMPS spatial areas for lesser black-backed gull: ‘UK North Sea 
and Channel’ and ‘UK Western waters’. 


12.11 Proportions of UK SPA birds in each BDMPS 
These proportions can be estimated directly from data in Appendix A Tables 36 to 41. For 
example, in the UK North Sea and Channel autumn migration BDMPS (Appendix A Table 
36), there are 209,007 birds in the BDMPS, of which 29,572 are adults from UK SPA 
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populations, giving a percent of 14%. In contrast, in the UK western waters autumn migration 
BDMPS (Appendix A Table 37), there are 163,304 birds in the BDMPS, of which 38,228 are 
from UK SPA populations, giving a percent of 23%.  


12.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
Most SPA populations of lesser black-backed gulls are in southern Britain, and the 
northernmost SPA populations (Forth Islands in the east, Ailsa Craig and Rathlin Island in 
the west) hold only 1,608 pairs, 183 pairs and 107 pairs respectively (Table 12.1), so the 
proportions of UK SPA birds in the northern parts of the North Sea and the West of Scotland 
will be lower than in the southern parts. During the migration seasons and during winter, 
birds are likely to be well mixed with a large number of UK SPA, UK non-SPA, and overseas 
populations represented. As a result, proportions of birds within each BDMPS that are adults 
from UK SPA populations will be likely to be fairly consistent across much of each BDMPS 
spatial area, apart from a likely tendency for the proportion of UK SPA birds to be lower in 
the northern parts of each BDMPS range. 
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13. HERRING GULL Larus argentatus 
 Biogeographic population with 


connectivity to UK waters (adults 
and immatures) 


Numbers in UK waters in non-
breeding season (September to 
February) 


Overseas 555,000 145,696 


UK 543,000 494,114 


Total 1,098,000 639,810 


 


Non-breeding season 
BDMPS (September 
to February) 


Total number of 
birds in BDMPS 
(adults plus 
immatures) 


Number from 
overseas 
populations 
(adults plus 
immatures) 


Number from UK 
population (adults 
plus immatures) 


UK North Sea and 
Channel 


466,511 135,130 331,381 


UK Western waters 173,299 10,566 162,733 


 
Most UK herring gull SPA populations have been censused since Seabird2000. The JNCC 
seabird monitoring programme indicates a decline in breeding numbers since 2000, as do 
counts from several SPA colonies. Because a high proportion of breeding herring gulls in the 
UK are not in SPA colonies, up to date breeding numbers away from major SPA populations 
are less well known. Movements of breeding adults and of immatures in the UK have been 
studied in detail by individual colour ringing of birds in wintering areas and on migration, and 
have provided a fairly comprehensive picture of local movement patterns as well as 
connectivity with overseas populations. The key overseas population in the Barents Sea is 
thought to be approximately stable in numbers. Ringing studies abroad have also shown 
migrations of herring gulls from Faroe and Norway. Thus although there have not been 
geolocator tracking studies of herring gulls, the colour ringing work in the late 20th century 
does provide a good understanding of herring gull movements. BDMPS contributions from 
UK and overseas populations are coded amber. 


Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 42 
and 43. 


13.1 Breeding range and taxa 
The herring gull breeds across the Western Palearctic, with two subspecies. Birds breeding 
in Britain and Ireland are the endemic subspecies argenteus. Seabird 2000 reported 
132,000 pairs in the UK and 5,500 pairs in Ireland (Mitchell et al. 2004). Elsewhere in 
northern Europe, birds are of the nominate subspecies argentatus. Herring gulls show clinal 
variation in size, with birds from northern Europe noticeably larger than those from the British 
Isles. They also show variation in the grey shade of the mantle and upperwing, and variation 
in wing tip pattern. These variations can be used to infer origins of individual birds at least in 
terms of broad geographical regions; in particular, adult birds from northern colonies can be 
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identified in the field when alongside British herring gulls, from differences in size and colour, 
though differences are not quite so obvious in juveniles and immatures.  


13.2 Non-breeding component of the population 
Herring gulls start to breed when 4 years old (BTO Birdfacts). Adult survival rate is 0.88 
(BTO Birdfacts; Pons and Migot 1995), juvenile survival 0.63 up to age 4 years (BTO 
Birdfacts) and mean productivity is 0.936 chicks per pair (JNCC database, n=136 
measurements). To obtain a stable population, survival of immatures was adjusted to 0.6 for 
juveniles, 0.7 for 1-year olds, 0.75 for 2-year olds, 0.83 for 3-year olds. The model population 
comprised 48% adults, 22% juveniles and 30% older immatures. There are 1.09 immatures 
per adult. The use of an alternative adult survival rate (for example derived from studies at 
Skomer http://jncc.defra.gov.uk/page-2886) would only alter this ratio very slightly. 


13.3 Phenology 
Although most adults remain close to their breeding sites throughout the year, few adults 
remain at colonies after August, with modal departure in August (Pennington et al. 2004; 
Forrester et al. 2007). However, as a partial migrant species in the UK, some adults remain 
close to their colony throughout the year. Autumn dispersal/migration starts in August 
(Wernham et al. 2002; Forrester et al. 2007) or mid-August (Cramp et al. 1977-94). Peak 
autumn migration occurs in July-December (Brown and Grice 2005), September-October 
(Forrester et al. 2007; Pennington et al. 2004), or October (Cramp et al. 1977-94; Wernham 
et al. 2002). Peak rate of change in numbers observed in autumn at Trektellen seawatching 
UK sites (predominantly in south and east England) occurred in late October to late 
December (Figure 13.1). Trektellen sites (predominantly in east and south-east England) 
may observe mostly herring gulls arriving from north Norway rather than dispersing birds 
from UK colonies, but timing of autumn movements appears not to differ much between UK 
and north Norwegian populations (Stanley et al. 1981; Horton et al. 1983; Brown and Grice 
2005). Autumn migration is completed by November (Forrester et al. 2007), early December 
(Cramp et al. 1977-94), or December (Wernham et al. 2002).  
 
Spring migration starts in January (Wernham et al. 2002; Forrester et al. 2007) or mid-
February (Cramp et al. 1977-94). Peak spring migration occurs in January (Pennington et al. 
2004), January-April (Forrester et al. 2007), or March-April (Cramp et al. 1977-94; Wernham 
et al. 2002; Brown and Grice 2005). Peak rate of change in numbers observed in spring at 
Trektellen seawatching UK sites (predominantly in south and east England) occurred in 
February-April (Figure 13.1). Spring migration is completed by early May (Cramp et al. 1977-
94) or May (Wernham et al. 2002; Forrester et al. 2007).  
 
The first spring records of herring gull in Shetland, Fair Isle, Orkney, and Argyll Bird Reports 
for 2007 to 2012 were from 1 January and the last records were predominantly at 31 
December, as large numbers of herring gulls overwinter, but peak autumn migration was 
reported in October in most years, and peak spring migration was reported in January-March 
if detected at all which it was not in most years. Birds re-occupy colonies from early January, 
with modal return in early March (Pennington et al. 2004; Brown and Grice 2005; Forrester 
et al. 2007). 
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Figure 13.1. Average numbers of herring gulls counted per hour at migration sites in the UK 
(which are mostly in south or east England). Data from Trektellen database accessed from 
the internet in January 2014. 
 
Kober et al. (2010) defined breeding season as April-August, non-breeding season 
September-March. However, from the data reviewed above, a more appropriate definition 
would be breeding season March-August, non-breeding season September-February. 


13.4 Defined seasons: 
• UK Breeding season     March-August 
• Post-breeding migration in UK waters  August-November 
• non-breeding season     September-February (non-breeding 


BDMPS) 
• Return migration through UK waters   January-April 
• Migration-free breeding season  May-July 
• Migration-free winter season   December 


Apart from the breeding season, one seasonal BDMPS period is considered to be 
appropriate for herring gull: 


Non-breeding season BDMPS (September-February). 


13.5 Movements of birds from the UK population 
Herring gulls in Britain and Ireland do not migrate, and show only limited dispersal. Most 
adults remain close to their breeding sites throughout the year. Young birds move further 
than adults, but the median distance between ringing site and recovery site for all UK ringed 
herring gulls (so predominantly ringed as chicks in colonies) was only around 15 km 
(Wernham et al. 2002). Camphuysen (2013) found that successful breeders abandoned the 
colonies in The Netherlands in July-August, when their young were about 50 days old, and 
that southward autumn movement started first in immatures, then in adults, and last in 
juveniles, suggesting that post-fledging care of juveniles was mostly minimal. At UK 
colonies, dispersal after breeding can be evident from August onwards and while birds can 
move in all directions the autumn movements tend to be predominantly southwards, but lead 
to little increase in distance between ringing and recovery site until October. A measureable 
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but small average distance is evident in ring recoveries until March, but by April virtually all 
recoveries of adults are at or very close to the colony, although immature birds may be 
somewhat more widely distributed (Wernham et al. 2002). Studies on refuse tips in north-
east England found that colour ringed herring gulls originated from the whole east coast of 
Scotland as well as local birds from NE England. Adults started to arrive from late July 
(presumably these were failed breeders) with peak passage in September-October and 
some individuals not arriving until December, with a tendency for individuals to show the 
same seasonal pattern in successive years (Wernham et al. 2002). Herring gulls generally 
tend to remain close to coasts, occurring at rather low density in pelagic waters. Although 
herring gulls may move along coasts or sometimes across water, movements between east 
and west coasts of the UK are surprisingly limited (Wernham et al. 2002). Populations to the 
west of the UK are therefore unlikely to mix much with populations to the east of the UK.  


13.6 Movements of birds from overseas into UK waters 
Many nominate argentatus birds, especially those from furthest north, can be identified in the 
field from their considerably larger body size and plumage features (darker mantle, white tip 
to outermost primary). In winter, those birds tend to be seen in largest numbers in eastern 
Britain (Coulson et al. 1984). Birds from the nominate subspecies mostly occur in the UK 
from September to February (Wernham et al. 2002). Ringing suggests that very few of those 
birds come from Iceland (Wernham et al. 2002). Ringing in Faroe has resulted in two 
recoveries of birds ringed as chicks and subsequently recovered in their first winter in the UK 
(Hammer et al. 2013), indicating that at least some young birds from Faroe winter in the UK. 
However, these come from a relatively small population (1,500 pairs; Hammer et al. 2013). 
Much larger numbers arrive from the Barents Sea coast of north Norway and north Russia 
(Wernham et al. 2002), where there are around 126,000 pairs (Anker-Nilssen et al. 2000). 
Those birds obviously carry out a long-distance migration with extensive travel across the 
sea from Norway to Scotland, but perhaps surprisingly they very rarely occur in west Britain, 
tending to remain on the east coast of the UK from Shetland to SE England (Wernham et al. 
2002). The Barents Sea population of herring gulls is considered to be partially migratory, 
with some adults remaining in the Barents Sea throughout the year, but some adults and a 
higher proportion of immatures migrate during October to winter in the North Sea. Birds from 
northern Norway winter further south than birds from southern Norway (Haftorn 1971), so 
Norwegian birds in UK waters are almost all of northern Norwegian origin. Large numbers of 
herring gulls (many thousands) overwinter along the coast of southern Norway (Petersen et 
al. 2011), but those birds are probably mostly local breeders that remain in the same area 
throughout the year, possibly with some birds from north Norway too. While birds from the 
Norwegian sector of the Barents Sea predominantly migrate along the Norwegian coast, 
birds from the Russian sector of the Barents Sea (including the White Sea) mostly migrate 
through the Baltic Sea. Some of these reach the North Sea, while others winter further east 
(Anker-Nilssen et al. 2000). Herring gulls breeding in The Netherlands are largely sedentary, 
with many adults remaining within a few km of their colony through winter (Camphuysen 
2013). The limited dispersal of herring gulls from colonies in The Netherlands apparently 
does not normally involve movements to the UK since only 3 sightings out of over 86,000 
movements of colour ringed herring gulls from colonies in The Netherlands were made in the 
UK (Camphuysen et al. 2011).  


13.7 Numbers in UK waters 
Musgrove et al. (2013) report that there are 730,000 in Britain in winter, 740,000 in UK in 
winter, but it appears that these totals do not include birds at sea except where they were 
visible from land. From surveys in 2007 and 2008, Fauchald and Tveraa (2009) reported 
mean densities at sea of 9.7 to 13.6 birds per km2 in the Norwegian Sea in spring/summer, 
and 1.8 to 6.4 birds per km2 in the Barents Sea in autumn. Nearly 1,000,000 herring gulls 
are in the entire North Sea in winter (November to February) dispersed throughout the North 
Sea but many of these birds are not in UK waters (Skov et al. 1995) (although these data are 
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now rather out of date). About 175,000 more winter in the Wadden Sea (Camphuysen 2013). 
Lack (1986) estimated that about 500,000 herring gulls winter inland or on coasts in Britain 
and Ireland, with about 122,000 of these in England (Brown and Grice 2005). There were 
estimated to be 63,780 birds at inland roosts in England in January 1993 and 192,846 at 
coastal roosts (Burton et al. 2003; Brown and Grice 2005; Burton et al. 2013). Forrester et al. 
(2007) suggest that there are well over 91,000 herring gulls from the UK population in 
Scotland, in mid-winter, in terrestrial habitats, but numbers that may be at sea at that time in 
addition to this total were not estimated, and that count did not include herring gulls in 
Shetland, Orkney, Western Isles or several parts of northern Scotland, so this number is 
clearly a large underestimate. In addition, Forrester et al. (2007) estimated that between 
5,000 and 20,000 Scandinavian herring gulls are in Scotland in winter, but again this 
estimate seems to be based mainly on data from terrestrial sites rather than from marine 
habitats, and is likely to be an underestimate of the total.  
 
In March-April most central areas of the North Sea are vacated by herring gulls, with 
concentrations found in the Southern Bight and German Bight, the Skagerrak/Kattegat, and 
in Shetland to NE Scotland (Camphuysen 2013). In summer and early autumn, herring gull 
numbers in the North Sea are low, showing a coastal distribution related to breeding colony 
locations (Camphuysen 2013). In winter, herring gulls show a strong association with the 
distribution of fishing vessels, congregating in areas where fisheries discards are available 
(Camphuysen et al. 1995). Thus the numbers and distribution of herring gulls in UK waters in 
winter are likely to vary in response to changes in fisheries activity.  


13.8 Biogeographic population 
Stroud et al. (2001) defined the biogeographic breeding population as that of the NW Europe 
population, comprising 940,000 pairs. However, Mitchell et al. (2004) provided a revised 
estimate of this population as 705,000-799,000 pairs. Kober et al. (2010) did not present an 
estimated biogeographic population for this species. Populations with connectivity to UK 
waters sum to 262,500 pairs, with the UK population almost exactly half of this. Thus the 
biogeographic population including immatures as well as adults may number about 
1,098,000 birds, with 543,000 from UK and 555,000 from overseas. However, only part of 
the large Barents Sea population comes into UK waters in winter, so UK birds will tend to 
outnumber birds from overseas populations during migration periods and midwinter. The 
total numbers in UK waters in the non-breeding season (September to February) sum to a 
total of about 640,000 birds, 494,000 from UK and 146,000 from overseas. 
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Figure 13.2. Breeding population origins of herring gulls in UK waters during migrations and 
winter. Estimated numbers of breeding pairs in each population are given. Base map from 
OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors.  
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Figure 13.3. Main movements of herring gulls from UK breeding areas (red arrows) and from 
overseas populations (blue arrows) into UK waters during post-breeding dispersal/migration. 
Arrows imply general patterns of movement and should not be taken literally as indicating 
exact routes or exact starting and end points. Similarly, small numbers of birds occur in 
areas not marked by arrows and some birds may move in different directions from those 
broad patterns indicated. Movements probably tend to follow coastlines and arrows that 
cross land do not imply overland migration routes. As far as is known, spring return migration 
represents a reversal of the pattern shown in this figure. 


13.9 Proportion of BDMPS from UK breeding SPAs 
The 12 SPAs with breeding herring gulls as a feature together held 54,650 pairs at 
designation, estimated to represent ca. 32% of the British breeding population (Stroud et al. 
2001) (although this misses some of the inland breeding colonies so probably rather 
overestimates the proportion breeding on SPAs; G Mudge in litt.). Herring gull numbers have 
declined considerably since these SPAs were designated, and as with other declining 
seabird populations, the decreases have been especially large in the largest populations, 
which are the SPAs. Stroud et al. (2014) estimated that the UK SPA suite for breeding 
herring gulls held 12.5% of the GB population in 1999-2011, and since numbers have 
declined further at some of the SPAs where they used data from 1999-2003, this percentage 
has almost certainly decreased further and may now be around 11% based on more up to 
date data in Table 13.1.  
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Figure 13.4. The SPA suite for herring gull. These SPA populations are listed in Table 13.1. 
 


 
Figure 13.5. Trend in the herring gull breeding population index in UK from 1986-2012. Data 
from JNCC seabird population monitoring database. 
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Figure 13.6. Trend in the herring gull breeding population index in Scotland from 1986-2012. 
Data from JNCC seabird population monitoring database. 
 


 
Figure 13.7. Trend in the herring gull breeding population index in Northern Ireland from 
1986-2012. Data from JNCC seabird population monitoring database. 
 
Table 13.1. The UK SPA suite for breeding herring gulls. 
SPA Location Pairs Year 


desig-
nated 


Site 
Condition 
Monitoring* 


Recent 
count 


Year Reference 


UK North Sea & Channel 
East 
Caithness 
Cliffs 


N 
Scotland 


9,370 
(1986) 


1996 Declined 
1999 


3,393 1999 Seabird2000 


Troup, 
Pennan and 
Lion’s Heads 


NE 
Scotland 


4,200 
(1995) 


1997 No change 
2007 


1,951 
1,687 
1,597 


2001 
2007 
2007 


Lewis et al. 2012 
Lewis et al. 2012 
SCM database 


Buchan Ness 
to Collieston 
Coast 


NE 
Scotland 


4,292 1998 No change 
2007 


3,079 
3,114 


2007 
2010 


SCM database  
Lewis et al. 2012 
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Fowlsheugh NE 


Scotland 
3,190 1992 Declined 


1999 
122 
214 
259 


2008 
2009 
2012 


Lewis et al. 2012 
Lewis et al. 2012 
SCM database 


Forth Islands E 
Scotland 


6,600 
(1985) 


1990 Maintained 
2001 


5,026 
5,100 
 
2,827 


2002 
2004
-12 
2005
-09 


Lewis et al. 2012 
SCM database 
 
Stroud et al. 
2014 


St Abb’s Head 
to Fast Castle 


SE 
Scotland 


1,160 1997 Declined 
2002 


541 
647 
220 
266 
239 


2000 
2000 
2011 
2012 
2013 


Seabird2000 
Stroud et al. 
2014 
SCM database 
SCM database 
SCM database 


Flamborough 
Head & 
Bempton Cliffs 


E 
England 


1,110 
(1987) 


1993  721 
533 
495 


2000 
2008 
2010 


SCM database 
SCM database 
SCM database 


Alde-Ore 
Estuary 


SE 
England 


6,050 
(Strou
d et al. 
2001) 


1996 These counts 
are for 
Orfordness 
only and 
exclude 
Havergate 


6,750 
2,575 
2,000 
1,000 
1,000 
800 


2000 
2002 
2003 
2004 
2005 
2006 


SCM database 
SCM database 
SCM database 
SCM database 
SCM database 
SCM database 


UK Western waters 
Canna and 
Sanday 


Inner 
Hebrides 


1,391 1998 Declined 
2001 


70 
63 


2010 
2011 


Lewis et al. 2012 
Lewis et al. 2012 


Ailsa Craig W 
Scotland 


2,250 
(1987) 


1990 Declined 
2010 


131 
82 
129 


2010 
2012 
2013 


Lewis et al. 2012 
SCM database 
SCM database 


Rathlin Island N Ireland 4,037 1999  14 
5 
28 
23 


1999 
2007 
2011 
2011 


SCM database 
SCM database 
SCM database 
Stroud et al. 
2014 


Morecambe 
Bay 


NW 
England 


11,000 1996  3,225 
3,040 
2,246 
2,094 
1,734 


2008 
2009 
2010 
2011 
2012 


SCM database 
SCM database 
SCM database 
SCM database 
SCM database 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 


13.10 BDMPS 
UK waters can be split into two spatial BDMPS for herring gulls; UK North Sea and Channel 
waters, and UK western waters. Although some birds move between these two areas, there 
is a distinct tendency for birds to remain in one or other of these two areas with little 
interchange. Also, birds from the Barents Sea tend to migrate into the North Sea in large 
numbers, but very few of those birds enter UK western waters. Population sizes in these two 
spatial BDMPS are essentially the same for the migration periods (once birds from overseas 
have reached UK waters and until they depart in spring) and winter, so there is no 
requirement to split these into separate temporal units.  
 
Apportioning of numbers from SPA populations, non-SPA colonies and from overseas 
populations is presented in Appendix A Tables 42 and 43.  
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Based on evidence reviewed in sections 13.5, 13.6 and 13.7, in the non-breeding season 
(September to February) in the UK North Sea and Channel, the BDMPS is estimated to 
include 99% of adults and 95% of immatures from colonies on the UK North Sea coast, 5% 
of adults and 10% of immatures from UK colonies in western Scotland, Northern Ireland, 
Wales and W England (Appendix A Table 42). The BDMPS is also estimated to include birds 
from three overseas populations; 20% of adults and 30% of immatures from the Barents 
Sea, 20% of adults and 30% of immatures from Faroe, 2% of adults and 5% of immatures 
from Ireland. These proportions result in an estimated BDMPS of 466,511 birds in the UK 
North Sea and Channel in the non-breeding season, 331,381 from the UK and 135,130 from 
overseas. 
 
Based on evidence reviewed in sections 13.5, 13.6 and 13.7, in the non-breeding season 
(September to February) in the UK western waters, the BDMPS is estimated to include 0.1% 
of adults and 0.1% of immatures from colonies on the UK North Sea coast, 80% of adults 
and 70% of immatures from UK colonies in western Scotland, Northern Ireland, Wales and 
W England (Appendix A Table 43). The BDMPS is also estimated to include birds from three 
overseas populations; 0.1% of adults and 0.5% of immatures from the Barents Sea, 20% of 
adults and 30% of immatures from Faroe, 30% of adults and 40% of immatures from Ireland. 
These proportions result in an estimated BDMPS of 173,299 birds in UK western waters in 
the non-breeding season, 162,733 from the UK and 10,566 from overseas. 
 


 
Figure 13.8. Two defined BDMPS spatial areas for herring gull: ‘UK North Sea and Channel’ 
and ‘UK Western waters’. 
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13.11 Proportions of UK SPA birds in each BDMPS 
About 11% of the UK adult herring gull population breeds in the UK SPA suite for breeding 
herring gull. Given that the SPAs for herring gull are distributed in a way that reflects fairly 
closely the breeding distribution of the species in the UK (Figure 13.4), this will probably 
apply in all areas. However the proportion will be diluted by the presence of immature birds 
and by the presence of birds from overseas populations. The proportion of birds in each 
BDMPS that are adults from UK SPA populations can be estimated directly from Appendix A 
Tables 42 and 43. For example, the UK North Sea and Channel non-breeding season 
BDMPS comprises 466,511 birds in total, of which 25,389 are adults from UK SPA 
populations, giving an estimate of 5.4% being adults from UK SPAs. 


13.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
Because adult herring gulls from UK colonies tend to remain close to their colony throughout 
the year, there is likely to be a tendency for SPA birds to be aggregated near the SPA sites, 
although immature birds will disperse more widely and be more mixed. There is some 
evidence to suggest that herring gulls from the Barents Sea population tend to be more 
marine than UK herring gulls during migration periods and winter, so that birds at sea may 
include a higher proportion of ‘foreign’ herring gulls while birds in terrestrial sites may include 
a higher proportion of UK herring gulls, and so also a higher proportion of birds from UK SPA 
populations than found at sea. However, this difference in local distribution of birds has not 
been quantified so cannot be assessed in any detail.  
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14. GREAT BLACK-BACKED GULL Larus marinus 
 Biogeographic population with 


connectivity to UK waters (adults 
and immatures) 


Numbers in UK waters in 
non-breeding season 
(September to March) 


Overseas 163,000 76,492 


UK 72,000 67,029 


Total 235,000 143,521 


 


Non-breeding season 
BDMPS (September 
to March) 


Total number of 
birds in BDMPS 
(adults plus 
immatures) 


Number from 
overseas 
populations (adults 
plus immatures) 


Number from UK 
population (adults 
plus immatures) 


UK North Sea 91,399 62,736 28,663 


UK West of Scotland 34,380 9,677 24,703 


UK South-west & 
Channel 


17,742 4,079 13,663 


 
Slightly more than half of the UK great black-backed gull SPA populations have been 
censused since Seabird2000, so breeding numbers in these large colonies are known in 
some cases but rather uncertain in others. The JNCC seabird monitoring programme 
indicates a decline in breeding numbers since 2000, as do counts from several SPA 
colonies. Because a high proportion of breeding great black-backed gulls in the UK are not 
in SPA colonies, up to date breeding numbers away from major SPA populations are less 
well known. Movements of breeding adults and of immatures in the UK have been studied in 
detail by individual colour ringing of birds in wintering areas and on migration, and have 
provided a fairly comprehensive picture of local movement patterns as well as connectivity 
with overseas populations. The key overseas population in the Barents Sea is thought to be 
approximately stable in numbers. Ringing studies abroad have also shown migrations of 
great black-backed gulls from Faroe and Norway. Although there have not been geolocator 
tracking studies of great black-backed gulls, the colour ringing work in the late 20th century 
does provide a good understanding of great black-backed gull movements, and these 
appear to be consistent from year to year. BDMPS contributions from UK and overseas 
populations are therefore coded amber overall. 


Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 44 to 
46. 


14.1 Breeding range and taxa 
This Holarctic breeding species is monotypic, and there is no evidence to suggest that 
biometrics are useful in assessing origins of individuals.  
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14.2 Non-breeding component of the population 
Great black-backed gulls start to breed when 4 years old (BTO Birdfacts). Adult survival rate 
is unknown (BTO Birdfacts), juvenile survival unknown (BTO Birdfacts) and mean 
productivity is 1.139 chicks per pair (JNCC database, n=132 measurements). To obtain a 
stable population, adult survival was set at 0.88 (the same as herring gull), survival of 
immatures was adjusted to 0.56 for juveniles, 0.67 for 1-year olds, 0.74 for 2-year olds, and 
0.78 for 3-year olds. The model population comprised 44% adults, 25% juveniles and 31% 
older immatures. There are 1.26 immatures per adult. 


14.3 Phenology 
Breeding colonies in the UK are deserted by early September, with modal departure in late 
July or early August (Pennington et al. 2004; Forrester et al. 2007). Autumn 
dispersal/migration starts in July (Wernham et al. 2002), August (Forrester et al. 2007) or 
mid-August (Cramp et al. 1977-94). Peak autumn migration occurs in July-October (Brown 
and Grice 2005), September (Wernham et al. 2002), October (Pennington et al. 2004), 
September-October (Forrester et al. 2007), or September-November in Belgium (Vanermen 
et al. 2013) or throughout Europe (Cramp et al. 1977-94). Peak rate of change in numbers 
observed in autumn at Trektellen seawatching UK sites (predominantly in south and east 
England) occurred in November-December (Figure 14.1), suggesting that those sites 
recorded later arriving birds from north Norway rather than birds dispersing from UK 
colonies. Autumn migration is completed by November (Forrester et al. 2007), early 
December (Cramp et al. 1977-94) or December (Wernham et al. 2002).  
 
Spring migration starts in January (Forrester et al. 2007), February (Wernham et al. 2002) or 
mid-February (Cramp et al. 1977-94). Peak spring migration occurs in January-February in 
Belgium (Vanermen et al. 2013), January in Shetland (Pennington et al. 2004) January-April 
(Forrester et al. 2007), late February in England (Brown and Grice 2005), February-March 
(Wernham et al. 2002), or March (Cramp et al. 1977-94). Peak rate of change in numbers 
observed in spring at Trektellen seawatching UK sites (predominantly in south and east 
England) occurred in January-March (Figure 14.1). Spring migration is completed by April 
(Wernham et al. 2002) early May (Cramp et al. 1977-94), or May (Forrester et al. 2007).  
 
The first spring records of great black-backed gull in Shetland, Fair Isle, Orkney, and Argyll 
Bird Reports for 2007 to 2012 were from 1 January and the last records were at 31 
December, as large numbers of great black-backed gulls overwinter, while peak autumn 
migration was reported in October or November in most years, and peak spring migration 
was reported as not evident in most years. Birds re-occupy colonies from early February, 
with modal return in March (Forrester et al. 2007). 
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Figure 14.1. Average numbers of great black-backed gulls counted per hour at migration 
sites in the UK (which are mostly in south or east England). Data from Trektellen database 
accessed from the internet in January 2014. 
 
Kober et al. (2010) defined breeding season as April-August, non-breeding season 
September-March. From the data reviewed above, this appears to be an appropriate 
definition. 


14.4 Defined seasons: 
• UK Breeding season     late March-August 
• Post-breeding migration in UK waters  August-November 
• non-breeding season     September-March (non-breeding 


BDMPS) 
• Return migration through UK waters   January-April 
• Migration-free breeding season  May-July 
• Migration-free winter season   December 


Apart from the breeding season, one seasonal BDMPS period is considered to be 
appropriate for great black-backed gull: 


Non-breeding season BDMPS (September-March). 


14.5 Movements of birds from the UK population 
Adult great black-backed gulls in the UK are partial migrants, with adults being mainly 
sedentary or travelling only short distances from their breeding area. Some adults disperse 
short distances from colonies to winter mainly south or east of their colony, tending to return 
to the same wintering site each year (Coulson et al. 1984). Juveniles and older immatures 
disperse slightly further than adults; the median distance between colony and wintering area 
was 54 km for adults but 115 km for immatures ringed in Britain and Ireland (Wernham et al. 
2002). Adults return to breeding areas in late winter. Birds ringed at colonies in the northern 
isles and north Scotland were mainly recovered close to the breeding areas where they were 
ringed, or down the east coast, a very few birds reaching the south coast of England or coast 
of the Netherlands or Belgium (Wernham et al. 2002). Very few of these birds crossed to the 
West coast of Britain or to Ireland. Birds ringed at colonies in the west of Scotland, northwest 
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of England or northern half of Ireland were mainly recovered close to the breeding areas 
where they were ringed, with a very few reaching the south coast of Ireland, Wales and SW 
of England. Extremely few birds from the west coast crossed Britain to reach the North Sea. 
Birds ringed at colonies in SW England, Wales, and the southern part of Ireland were mainly 
recovered close to the breeding areas where they were ringed, with a very few reaching 
France.  


14.6 Movements of birds from overseas into UK waters 
In contrast to the mainly sedentary nature of adult great black-backed gulls in Britain and 
Ireland, some birds from northern populations migrate long distances, especially to 
overwinter in the North Sea. Although large numbers breed in Iceland (15,000 to 20,000 
pairs; Mitchell et al. 2004), and moderate numbers in Faroe (1,200 pairs; Hammer et al. 
2013), these birds are predominantly sedentary (Wernham et al. 2002). Hammer et al. 
(2013) reported one recovery in the UK and three in Ireland of great black-backed gulls 
ringed in Faroe, all of which were recovered when less than a year old. Similarly, great 
black-backed gulls in southern Norway are considered to be mainly sedentary, most 
remaining in Norwegian waters throughout the year (Anker-Nilssen et al. 2000; Wernham et 
al. 2002). Foreign-ringed great black-backed gulls recovered in Britain and Ireland mainly 
originate from the north coasts of Norway and Russia. These birds begin arriving in July, 
mainly on the east coast of England (Wernham et al. 2002). Numbers peak in September 
(Wernham et al. 2002), then remain high through early winter until the return migration in 
February (Wernham et al. 2002). The Barents Sea population of great black-backed gulls, 
most of which breed along the north coast of Norway, is estimated at around 33,000 pairs 
(Anker-Nilssen et al. 2000). The Barents Sea great black-backed gull is a partial migrant. 
Some birds remain close to colonies all year round, while others migrate to winter in the 
North Sea. It is not clear what proportion of this population winters in the North Sea rather 
than in the Barents Sea or Norwegian Sea, or in the Caspian or Black Sea, but it is thought 
that the North Sea is their main wintering area (Anker-Nilssen et al. 2000). Most migrate 
along the Norwegian coast. Some migrate through the White Sea then along rivers to the 
Volga delta to winter in the Caspian or Black Sea. Some migrate overland between the 
White and Baltic Seas, then may continue to the North Sea (Anker-Nilssen et al. 2000). 
Southward movement is more extensive among immatures than among adults. Birds leave 
the breeding colonies in north Norway in August, but migration south mainly occurs in 
September-October (Anker-Nilssen et al. 2000). Adults arrive back at colonies in the Barents 
Sea in March-April (Anker-Nilssen et al. 2000). With a population in the UK of around 16,800 
pairs, with many of these in colonies on the west of the British Isles rather than in the North 
Sea, the resident great black-backed gulls in the North Sea are likely to be outnumbered in 
winter by great black-backed gulls from northern Norway. There may be very small numbers 
of great black-backed gulls from southern Norway, Denmark, SW Sweden and France that 
visit UK waters, but these numbers appear to be so small relative to the large numbers from 
the Barents Sea and from the UK that they can be ignored as trivial. 


14.7 Numbers in UK waters 
Musgrove et al. (2013) report that there are 76,000 in Britain in winter, 77,000 in UK in 
winter, but these estimates only include birds at sea that could be counted from land, as well 
as birds onshore and at coastal roosts. From surveys in 2007 and 2008, Fauchald and 
Tveraa (2009) reported mean densities at sea of 4.8-11.3 birds per km2 in the Norwegian 
Sea in spring/summer, and 0.5-1.4 birds per km2 in the Barents Sea in autumn. Most 
migrants in English waters occur off east England, whereas most breeders in England are in 
Cornwall and the Scillies (Brown and Grice 2005). Some northern immatures remain in the 
southern North Sea all year round (Brown and Grice 2005). There were estimated to be 
21,077 birds at inland roosts in England in January 1993 and 17,838 at coastal roosts 
(Burton et al. 2003; Brown and Grice 2005). Forrester et al. (2007) suggest that there are 
around 2,000 to 10,000 birds in Scotland during the migration seasons, and 7,500 to 10,000 
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in winter. However, these estimates appear to be based on counts of birds onshore rather 
than at sea. Skov et al. (1995) estimated that there are around 300,000 great black-backed 
gulls in the North Sea in winter (although these data are now rather out of date), with peak 
numbers in November to February (Stone et al. 1995). However, this number may be an 
overestimate because great black-backed gulls are attracted to boats (Kober et al. 2010). 
Since almost all UK great black-backed gulls winter in UK waters, there will be the 16,000 
pairs from UK colonies (32,000 adults) plus associated immatures (about 40,000 of those) 
so about 72,000 birds. However, it is likely that about half of these are in waters west of the 
UK and half in the North Sea, as very few great black-backed gulls breed along the east 
coasts of England and Scotland except in the far north (Shetland, Orkney and Caithness). In 
contrast, the species breeds along most of the west coast of Scotland and in smaller 
numbers in Wales and west England. However, most of the SPA populations (the largest 
colonies) are in Orkney and north Scotland. In addition to birds from the UK, birds from 
Barents Sea colonies arrive in autumn, especially into the North Sea. It is uncertain how 
many of these winter in UK waters as some may winter in the Norwegian Sea (Anker-Nilssen 
et al. 2000), but there is evidence from colour ringing studies that relatively few from the 
Barents Sea winter in the west of Scotland. Count data suggest that the majority of birds in 
the North Sea in winter are likely to be from the Barents Sea. The Barents Sea population is 
33,000 pairs and is apparently approximately stable (Anker-Nilssen et al. 2000, R.T. Barrett 
pers. comm.), so 66,000 adults plus about 83,000 immatures, so 149,000 birds. Given the 
estimate that up to 300,000 birds winter in the North Sea, it would seem likely that most birds 
from the Barents Sea population are in the North Sea in winter, as it would otherwise be 
impossible to reach such a large total.   


14.8 Biogeographic population 
Stroud et al. (2001) defined the biogeographic breeding population as that of the European 
population, comprising 95,546 pairs. However, Mitchell et al. (2004) provided a revised 
estimate of this population as 100,000-110,000 pairs. Kober et al. (2010) presented an 
estimated biogeographic population of 440,000 individuals. The biogeographic population 
with connectivity to UK waters comprises birds from the UK, Ireland, Faroe and Barents Sea 
(Figure 14.2). This sums to 235,000 birds (adults plus immatures), of which 72,000 are from 
UK and 163,000 from overseas populations. Substantial proportions of these populations 
occur in UK waters in the non-breeding period (September to March); the totals for UK 
waters are estimated at 143,000 birds, with 67,000 frrom UK and 76,000 from overseas 
populations. 
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Figure 14.2. Breeding population origins of great black-backed gulls in UK waters during 
migrations and winter. Estimated numbers of breeding pairs in each population are given. 
Base map from OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors.  
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Figure 14.3. Main movements of great black-backed gulls from UK breeding areas (red 
arrows) and from overseas populations (blue arrows) into UK waters during post-breeding 
dispersal/migration. Arrows imply general patterns of movement and should not be taken 
literally as indicating exact routes or exact starting and end points. Similarly, small numbers 
of birds occur in areas not marked by arrows and some birds may move in different 
directions from those broad patterns indicated. Movements probably tend to follow coastlines 
and arrows that cross land do not imply overland migration routes. As far as is known, spring 
return migration represents a reversal of the pattern shown in this figure. 
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Figure 14.4. Trend in the great black-backed gull breeding population index in UK from 
1986-2012. Data from JNCC seabird population monitoring database. 
 


 
Figure 14.5. Trend in the great black-backed gull breeding population index in Scotland from 
1986-2012. Data from JNCC seabird population monitoring database. 
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Figure 14.6. Trend in the great black-backed gull breeding population index in Wales from 
1986-2012. Data from JNCC seabird population monitoring database. 


14.9 Proportion of UK population from UK breeding SPAs 
The six SPAs with breeding great black-backed gulls as a feature together held 4,457 pairs 
at designation, estimated to represent ca. 23.5% of the British breeding population (Stroud et 
al. 2001). Stroud et al. (2014) estimated that the six SPAs held about 2,863 pairs in counts 
made around 1999-2009, but data used for several of these colonies came from 1999-2000 
so are rather out of date. Their estimate was that the SPA suite then held about 16.8% of the 
GB population. However, the most recent counts for these sites (Table 14.1) sum to only 
1,826 pairs, with half of these being at Isles of Scilly SPA, so if the UK population is around 
16,800 pairs the data suggest that the SPA suite now holds close to 11% of the population, 
with the single SPA in SW England being by far the largest contribution, due to very large 
declines in the colonies in north Scotland. 
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Figure 14.7. The SPA suite for breeding great black-backed gulls. These SPA populations 
are listed in Table 14.1. 
 
Table 14.1. The UK SPA suite for breeding great black-backed gulls. 
SPA Location Pairs Year 


desig-
nated 


Site 
Condition 
Monitoring* 


Recent 
count 


Year Reference 


UK North Sea 
Calf of Eday Orkney 938 


(1996) 
1998 Declined 


2006 
675 
100 
281 


2000 
2004 
2006 


Stroud et al. 2014 
Lewis et al. 2012 
Lewis et al. 2012 


Copinsay Orkney 600 1994 Declined 
2008 


324 
218 


2008 
2010 


Lewis et al. 2012 
SCM database 


East 
Caithness 
Cliffs 


N Scotland 850 1996 Declined 
1999 


175 1999 Seabird2000 


Hoy Orkney 570 2000 Maintained 
2000 


438 
ca.60 


2000 
2011 


Stroud et al. 2014 
SMP database 


West of Scotland 
North Rona 
& Sula Sgeir 


N Scotland 733 
(1986) 


2001 Declined 
2012 


350 
191 


2009 
2012 


SMP database 
SMP database 


SW and Channel 
Isles of Scilly SW 


England 
766 2001  901 2006 SMP database 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 
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14.10 BDMPS 
UK waters can be divided into three BDMPS for great black-backed gull. It would be difficult 
to divide the North Sea region into separate northern and southern BDMPS populations 
because great black-backed gulls in the North Sea appear to be fairly mobile in the non-
breeding period, changing distribution with movement of trawl fishery fishing effort, and 
because there have been no studies of great black-backed gulls using tracking methods, the 
details of movements of birds from particular sites are not known. In the UK North Sea 
BDMPS the population appears to be dominated by birds arriving from Barents Sea colonies 
in late summer and remaining until spring. There are probably about 910,000 birds in the 
area in the non-breeding season, with about 29,000 coming from the UK population and 
63,000 from the Barents Sea. The area west of Scotland is quite distinct from the North Sea 
BDMPS because very few birds from the Barents Sea population enter the west of Scotland 
area, and few birds from North Sea colonies cross into west of Scotland. Similarly, few birds 
from west of Scotland colonies cross to the North Sea. In the West of Scotland BDMPS 
there are probably about 34,000 birds in the area in the non-breeding season, with about 
25,000 from the UK population and 10,000 from the Barents Sea, Irish and Faroe 
populations. The southwest of Britain and Channel represents another distinct BDMPS for 
this species because birds in that area originate from local colonies in that area, together 
with rather small numbers of immatures from colonies further north in west of Scotland area, 
and very small numbers of birds from overseas (mostly Ireland). In the South-west and 
Channel BDMPS there are probably about 18,000 birds in the non-breeding season, with 
about 14,000 from the UK population and 4,000 from the Barents Sea, Irish and Faroe 
Populations (most of those coming from Irish colonies).  
 
Apportioning of numbers from SPA populations, non-SPA colonies and from overseas 
populations is presented in Appendix A Tables 44 to 46.  
 
Based on evidence reviewed in sections 14.5, 14.6 and 14.7, in the non-breeding season 
(September to March) in the UK North Sea, the BDMPS is estimated to include 100% of 
adults and 100% of immatures from colonies on the UK North Sea coast, 1% of adults and 
10% of immatures from UK colonies in western Scotland, Northern Ireland, Wales and W 
England (Appendix A Table 44). The BDMPS is also estimated to include birds from two 
overseas populations; 30% of adults and 50% of immatures from the Barents Sea, 30% of 
adults and 30% of immatures from Faroe, but no birds from Ireland. These proportions result 
in an estimated BDMPS of 91,399 birds in the UK North Sea in the non-breeding season, 
28,663 from the UK and 62,736 from overseas. 
 
Based on evidence reviewed in sections 14.5, 14.6 and 14.7, in the non-breeding season 
(September to March) in the UK West of Scotland, the BDMPS is estimated to include no 
adults or immatures from colonies on the UK North Sea coast, 99% of adults and 80% of 
immatures from UK colonies in western Scotland, but none from Northern Ireland, Wales 
and W England (Appendix A Table 45). The BDMPS is also estimated to include birds from 
three overseas populations; 1% of adults and 8% of immatures from the Barents Sea, 10% 
of adults and 30% of immatures from Faroe, and 10% of adults and 20% of immatures from 
Ireland. These proportions result in an estimated BDMPS of 34,380 birds in UK West of 
Scotland in the non-breeding season, 24,703 from the UK and 9,677 from overseas. 
 
Based on evidence reviewed in sections 14.5, 14.6 and 14.7, in the non-breeding season 
(September to March) in the UK South-west waters and Channel, the BDMPS is estimated 
to include no adults or immatures from colonies on the UK North Sea coast, no adults but 
10% of immatures from UK colonies in western Scotland and Northern Ireland, 90% of adults 
and 70% of immatures from colonies in SW England (Appendix A Table 46). The BDMPS is 
also estimated to include birds from three overseas populations; no adults but 2% of 
immatures from the Barents Sea, no adults but 20% of immatures from Faroe, 10% of adults 
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and 30% of immature from Ireland. These proportions result in an estimated BDMPS of 
17,742 birds in the UK SW waters and Channel in the non-breeding season, 13,663 from the 
UK and 4,079 from overseas. 
 


 
Figure 14.8. Three defined BDMPS spatial areas for great black-backed gull: ‘UK North Sea’, 
‘West of Scotland’ and ‘South-west and Channel’. 


14.11 Proportions of UK SPA birds in each BDMPS 
The UK North Sea BDMPS holds four of the six UK SPAs for breeding great black-backed 
gulls, but breeding numbers in these colonies have decreased dramatically. There are now 
probably no more than 700 pairs in total at these four sites combined, and possibly fewer 
than 600 given that no count data are available since 1999 for East Caithness Cliffs SPA or 
since 2006 for Calf of Eday SPA. The BDMPS of 91,399 birds in the UK North Sea is likely 
to contain only about 1,490 adults from UK SPA populations (Appendix A Table 44). So UK 
SPA breeding adults represent only about 2% of the BDMPS population in that area. The 
West of Scotland BDMPS holds only one SPA population, on North Rona and Sula Sgeir 
SPA. This contributes 378 adults to the non-breeding BDMPS, represent about 1% of the 
BDMPS total of birds (Appendix A Table 45). Ringing data suggest that very few birds from 
North Sea colonies (including Orkney and Shetland) move out of the North Sea into the 
West of Scotland region, so these populations appear to be fairly discrete, though it is less 
certain that birds from North Rona remain entirely in the West of Scotland rather than 
moving into the North Sea, as few birds have been ringed at North Rona. The UK South-
west waters and Channel BDMPS contains one SPA population, Isles of Scilly SPA. There 
were 901 pairs there in 2006 and that population, in contrast to those in Scotland, appears to 
be increasing or at least stable (Table 14.1). The UK SPA breeding adults contributing to 
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that non-breeding season BDMPS (1,622 adults) represent about 9% of the BDMPS in UK 
South-west waters and Channel (Appendix A Table 46). 


14.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
Adult great black-backed gulls from UK colonies may remain very close to the colony 
throughout the year, while immatures tend to move south but not over very large distances. 
So the distribution of UK SPA birds within the BDMPS is likely to be aggregated in waters 
close to SPA colony sites. This may be especially the case in the West of Scotland BDMPS, 
with adult birds from North Rona mainly being close to North Rona, and in UK South-west 
waters and Channel with adult birds being around the Scillies all through the year. However, 
no detailed tracking studies have been carried out with great black-backed gulls, so the 
interpretation is based on ring recovery data and it would be useful to support that with work 
deploying geolocators on this species at major SPA colonies.  
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15. BLACK-LEGGED KITTIWAKE Rissa tridactyla 
 Biogeographic 


population with 
connectivity to UK 
waters (adults and 
immatures) 


Numbers in UK 
waters in autumn 
(August to December) 
(adults and 
immatures) 


Numbers in UK waters 
in spring (January to 
April) (adults and 
immatures) 


Overseas 4,020,000 1,017,320 567,136 


UK 1,080,000 724,203 752,206 


Total 5,100,000 1,741,523 1,319,342 


 


 Total number of 
birds in BDMPS 
(adults plus 
immatures) 


Number from 
overseas 
populations 
(adults plus 
immatures) 


Number from UK 
population (adults 
plus immatures) 


Autumn migration 
BDMPS (August to 
December) 


   


UK North Sea 829,937 397,808 432,129 


UK Western waters plus 
Channel 


911,586 619,512 292,074 


Spring migration 
BDMPS (January to 
April) 


   


UK North Sea 627,816 238,424 389,392 


UK Western waters plus 
Channel 


691,526 328,712 362,814 


 
Breeding adult kittiwakes have been equipped with geolocators in many different countries to 
investigate migrations and wintering areas, and that work has been summarised in a detailed 
paper by Frederiksen et al. (2012). However, it must be recognised that the geolocator study 
provides data for only a single winter, so that annual variation is not assessed, and provides 
data only for breeding adults, so that comparison with movements of immature birds cannot 
be made. There is other evidence indicating that individual breeding kittiwakes may differ in 
their migration behaviour from year to year depending on their breeding success, and that 
numbers of kittiwakes passing through UK waters vary strongly from year to year apparently 
in relation to weather conditions. Ring recovery data for kittiwakes are quite limited, and with 
a pelagic seabird tend to provide a biased indication of distribution. Geolocator data show 
rather different pattern from ring recovery data. In addition to this uncertainty about 
movement patterns, and evidence that these show high variability, there is also considerable 
uncertainty about very recent changes in kittiwake population sizes; several populations 
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appear to be in decline, but the extent and scale of decline are uncertain for most overseas 
populations. While breeding numbers at some UK SPA colonies have been counted since 
Seabird2000, some particularly large populations have not been counted since 2000 (e.g. 
East Caithness Cliffs where over 40,000 pairs nested in 1999). Many non-SPA colonies in 
the UK have not been counted recently. Changes in breeding numbers differ between 
Shetland (extreme decline), Orkney (decline in some colonies but perhaps not in others), 
southern Scotland (more stable numbers), and Wales (increases in some colonies but 
declines in others). Therefore, overall, numbers from UK in BDMPS are coded amber, and 
numbers from overseas are coded red, as are total numbers in BDMPS.  


Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 47 to 
50. 


15.1 Breeding range and taxa 
This Holarctic breeding species is usually split into two subspecies; R. t. pollicaris breeds in 
the North Pacific and does not normally reach the Atlantic. R. t. tridactyla breeds in the North 
Atlantic from Spain to the Arctic Ocean. Because R. t. pollicaris does not normally reach the 
Atlantic Ocean, this report focuses only on the nominate subspecies R. t. tridactyla. There is 
clinal variation in size, with birds from further north being larger (Barrett et al. 1985), but 
there does not seem to be much use of this variation to assess origins of individual birds.  


15.2 Non-breeding component of the population 
Kittiwakes start to breed when 4 years old (BTO Birdfacts). Coulson (2011) gives mean ages 
at first breeding of 3.97 years for males and 4.7 years for females at North Shields. Adult 
survival rate is 0.882 (BTO Birdfacts), juvenile survival 0.79 (BTO Birdfacts) and mean 
productivity is 0.672 chicks per pair (JNCC database, n=189 measurements), though this is 
strongly influenced by sandeel abundance near to the colony (Frederiksen et al. 2005). 
Coulson (2011) presents a table listing estimated adult survival rates for studies of kittiwakes 
breeding at North Shields, Marsden, Skomer, Brittany, Foula, Isle of May, Fair Isle, and 
colonies in north Norway and Alaska. Adult survival rate varied with period and colony, 
ranging from 0.8 to 0.93, indicating that this parameter is certainly not a constant for the 
species. To obtain a stable population, survival of immatures was adjusted to 0.68 for 
juveniles, and set at 0.76 for 1-year olds, 0.8 for 2-year olds, and 0.86 for 3-year olds. The 
model population comprised 53% adults, 18% juveniles and 29% older immatures. There are 
0.88 immatures per adult. 


15.3 Phenology 
Breeding colonies in the UK are deserted in August, with modal departure in early August 
(Pennington et al. 2004; Forrester et al. 2007). Autumn dispersal/migration starts in July 
(Pennington et al. 2004; Brown and Grice 2005; Forrester et al. 2007) or August (Cramp et 
al. 1977-94). Peak autumn migration occurs in August-September in Shetland (Pennington 
et al. 2004), August-November in Scottish waters (Forrester et al. 2007), September-
November throughout Europe (Cramp et al. 1977-94), but as late as October-November in 
Belgium (Vanermen et al. 2013). Variation in numbers observed in autumn at Trektellen 
seawatching UK sites (predominantly in south and east England) was erratic and not clearly 
indicative of autumn migration (Figure 15.1). Autumn migration is completed by December 
(Cramp et al. 1977-94; Pennington et al. 2004; Forrester et al. 2007).  
 
Spring migration starts in January (Pennington et al. 2004) or January-February (Cramp et 
al. 1977-94; Forrester et al. 2007). Peak spring migration occurs in January-April in Belgium 
(Vanermen et al. 2013), in March-April generally in Europe (Cramp et al. 1977-94; Forrester 
et al. 2007). Peak numbers observed in spring at Trektellen seawatching UK sites 
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(predominantly in south and east England) occurred in March (Figure 15.1). Spring migration 
is completed by May (Cramp et al. 1977-94; Forrester et al. 2007).  
 
The first spring records of kittiwake in Shetland, Fair Isle, Orkney, and Argyll Bird Reports for 
2007 to 2012 were predominantly from January and the last records were predominantly in 
December. Peak autumn migration was reported in August-October in most years, and peak 
spring migration was reported in April in most years. Birds re-occupy colonies from February, 
with modal return in March (Pennington et al. 2004; Brown and Grice 2005; Forrester et al. 
2007). Recent studies of kittiwakes have shown that corticosterone levels influence 
migratory and breeding behaviour. Experimentally increased levels of corticosterone caused 
female kittiwakes to migrate away from the breeding colony earlier and to spend longer on 
the wintering grounds (Schultner et al. 2014), while in years with poor food availability, 
corticosterone levels increased in kittiwakes, birds bred later and made longer foraging trips 
travelling further from the colony in the pre-breeding period (Goutte et al. 2014). Although 
demonstrated in kittiwakes, these patterns seem likely to apply in all seabirds. 
 


Figure 15.1. Average numbers of kittiwakes counted per hour at migration sites in the UK 
(which are mostly in south or east England). Data from Trektellen database accessed from 
the internet in January 2014. 
 
Kober et al. (2010) defined breeding season as May-September, non-breeding season 
October-April. However, from the data reviewed above, a more appropriate definition would 
be breeding season March-August, non-breeding season September-February. 


15.4 Defined seasons: 
• UK Breeding season      March-August 


o Migration-free breeding season  May-July 
• Non-breeding season     September-February 


o Post-breeding migration in UK waters  August-December (autumn 
BDMPS) 


o Return migration through UK waters   January-April (spring BDMPS) 
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Apart from the breeding season, two seasonal BDMPS periods are considered to be 
appropriate for black-legged kittiwake: 


‘Autumn’ (post-breeding) migration BDMPS (August-December); and 


‘Spring’ (pre-breeding) migration BDMPS (January-April). 


15.5 Movements of birds from the UK population 
In the UK, kittiwake chicks disperse rapidly from colonies, leaving the area about 10 days on 
average after their first flight (Coulson 2011). Rapid dispersal is consistent with the fact that 
chicks are not fed by their parents after departing, so can depart without constraint (Coulson 
2011). After initial dispersal which can be in any direction with birds congregating where food 
is available, subsequent autumn migration takes some young birds west across the Atlantic 
and others south towards Iberia (Wernham et al. 2002). Kittiwakes in winter may be 
distributed all across the North Atlantic and North Sea, regularly as far south as about 40oN, 
but with a few birds even crossing into the southern hemisphere (Coulson 2011). The main 
spread southwards occurs in early October, birds reaching their southernmost distribution in 
December-January (Coulson 2011). Ring recovery data show that in spring, young birds 
may move north, with birds on the west side of the Atlantic visiting seas around Greenland, 
and birds on the east side possibly moving north but not as far as their breeding colony 
(Coulson 2011). However, in their first summer and in subsequent summers, kittiwakes 
vacate the open ocean areas they occupy in winter, and move into shallow continental shelf 
waters, and may rest on shores though generally away from colonies (Coulson 2011). 
Immature birds follow a similar pattern to juveniles (although a few two year olds do return to 
the colony in summer if only briefly), and then tend to return towards breeding colonies in 
their third summer, though even at that age some may remain in the west Atlantic (Wernham 
et al. 2002; Coulson 2011). Adults depart from colonies in the northern part of the UK rather 
rapidly in late July or early August, apparently at least in part in response to sandeels 
becoming unavailable towards the end of the summer. Further south, adults may linger near 
colonies for longer. Some adults cross the Atlantic to winter off Newfoundland, but there are 
far more recoveries of adult kittiwakes in the east Atlantic (Wernham et al. 2002). Ring 
recoveries indicate that British kittiwakes tend to winter further south than those from 
colonies in the far north of Europe, so populations only show partial overlap outside of the 
breeding season (Wernham et al. 2002; Coulson 2011).  


15.6 Movements of birds from overseas into UK waters 
Over 100 foreign-ringed kittiwakes have been recovered in the British Isles, mostly in 
autumn and winter. Those birds originated mainly from Norway, Russia, France, and the 
Channel Islands. Only small numbers of recoveries originated from Iceland, Faroe, 
Denmark, Sweden, Germany and Greenland. Deployment of geolocators on breeding 
kittiwakes at many colonies in Svalbard, Barents Sea, Norwegian Sea, North Sea, Celtic-
Biscay Shelf, Faroe, Iceland, Greenland and Canada (Frederiksen et al. 2012) has provided 
more detailed information on the migrations and wintering areas of 236 adult breeding status 
kittiwakes from different North Atlantic populations. Those data are largely consistent with 
the ring recovery data, but tend to more strongly emphasise the tendency for birds to cross 
to the west side of the Atlantic, strongly suggesting that ring recovery data under-represent 
trans-Atlantic movements. Geolocation data must be considered with some caution, as they 
are not available from all kittiwake populations in the North Atlantic, they represent only birds 
of breeding adult status, and data were collected in only two years (2008-09 and 2009-10), 
so may not be typical of kittiwake migration behaviour in other years. Nevertheless, the 
geolocation data provide detailed information on the movements of a large sample of birds 
from many different regions and colonies. Details of this study can be accessed at 
http://www.hav.fo/PDF/Ritgerdir/2011/Kittiwake_paper_Bergur.pdf. Most tracked birds 
moved to the west Atlantic to winter between Newfoundland and the mid-Atlantic ridge. 


  160 | P a g e  
 



http://www.hav.fo/PDF/Ritgerdir/2011/Kittiwake_paper_Bergur.pdf





 


 
Some wintered in the North Sea and west of the British Isles, and those birds mostly came 
from colonies in the British Isles or from colonies in the Barents Sea. No birds from colonies 
in west Atlantic wintered in Europe. There was considerable overlap in winter distributions of 
birds from different colonies, although colonies closer together showed greatest overlap in 
distribution, so there was some spatial structuring. Overall, about 80% of the 4.5 million 
breeding adult kittiwakes in the Atlantic were estimated to winter west of the mid-Atlantic 
ridge, with only birds from British Isles and France remaining predominantly on the European 
side. Many equipped birds remained near to their breeding site throughout August, but some 
moved to post-breeding aggregations in the Barents Sea, the Denmark Strait, and the 
Labrador Sea. In November most birds had reached wintering areas mostly south of 62oN, 
but some birds remained in the Norwegian Sea. In December, most birds were in the west 
Atlantic, but with substantial numbers in the North Sea and west of the British Isles. By 
January, some birds were returning towards breeding sites. Most birds were back at 
breeding sites by April, but some high-Arctic breeders remained offshore in the Barents Sea 
or Davis Strait or off Newfoundland. Frederiksen et al. (2012) present electronic 
supplementary material to their paper indicating estimates that 255,261 adult kittiwakes were 
present in the entire North Sea (not just the UK portion) in December 2009, with 102,671 of 
these from Barents Sea colonies, 114,195 from North Sea colonies, 24,071 from Norwegian 
Sea colonies, and 14,324 from Celtic Shelf colonies. In the Celtic-Biscay Shelf area they 
estimate that there were 345,288 adult kittiwakes in December 2009, with 189,934 from 
Celtic-Biscay shelf colonies, 116,027 from Barents Sea colonies, 39,180 from North Sea 
colonies, and 147 from Norwegian Sea colonies. While these detailed data are extremely 
valuable, it must be remembered that these only apply to adult kittiwakes and not immatures, 
and only apply to a single winter, so it is uncertain whether these are typical or not. 
Kittiwakes may return to breeding colonies from mid-February in the UK, though not until 
April in the Arctic (Coulson 2011). To complicate this picture further, Bogdanova et al. (2011) 
found that unsuccessful breeding kittiwakes from the Isle of May colony were more likely 
than successful breeders to migrate to the west Atlantic area. Males and females may also 
differ in migratory behaviour although this is less certain (Bogdanova et al. 2011). The 
difference in migration behaviour of successful and failed breeders could indicate a time 
constraint to the migration to the west Atlantic, as birds that fail in their breeding attempt tend 
to leave the colony earlier in the summer than successful breeders. Since breeding success 
was very poor at many kittiwake colonies in the eastern Atlantic in the two years when 
geolocators were deployed, it is possible that the proportion of adults migrating to the west 
Atlantic was higher than in other years. 


15.7 Numbers in UK waters 
Although clearly an abundant seabird, kittiwake numbers in UK waters during migration and 
winter are not well known, and apparently vary considerably, perhaps in relation to food 
supply and weather conditions. ESAS data suggest a total of around 1,500,000 birds in the 
North Sea in autumn migration period, with the majority of these birds in the NW North Sea 
(up to 700,000 birds) and off the English north-east coast (up to 200,000 birds) 
(Camphuysen et al. 1995), with at sea densities of around 4 birds per km2. From surveys in 
2007 and 2008, Fauchald and Tveraa (2009) reported mean densities at sea of 24-60 birds 
per km2 in the Norwegian Sea in spring/summer, and 15-54 birds per km2 in the Barents Sea 
in autumn, so densities in the North Sea are not high when compared with some other 
regions. Breeding numbers in Iceland declined by 17% from 630,000 pairs in 1983-86 to 
523,000 pairs in 2005-08 (Gardarsson 2006), but apparently Icelandic kittiwakes do not visit 
UK waters. However, breeding numbers of kittiwakes have apparently been declining 
throughout most of the North Atlantic over recent years, so numbers are almost certainly 
lower in most countries than they were in the period that informed total population estimates 
in Stroud et al. (2001) and Mitchell et al. (2004). Forrester et al. (2007) suggest that there 
may be about 10,000 birds in Scottish inshore waters in winter, but give no estimate for 
numbers in offshore waters. Frederiksen et al. (2012) present electronic supplementary 
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material to their paper estimating that 255,261 adult kittiwakes were present in the entire 
North Sea (not just the UK portion) in December 2009. This would suggest that taking 
immatures into account (and the fact that a higher proportion of immatures move across to 
the west Atlantic) there would probably be about 200,000 kittiwakes in UK North Sea waters 
in winter. Camphuysen et al. (1995) estimated that there were about 300,000 to 1,100,000 
kittiwakes in the (entire) North Sea in February based on surveys in 1993 and 1994 and 
ESAS data, with the largest proportion of these in UK sectors of the North Sea. Densities of 
kittiwakes in inshore waters west of the UK in winter are very low indeed; close to zero. 
Offshore, densities in winter are low, but highly variable as occasional large numbers pass 
through UK waters in winter, apparently in response to weather more than to food. During 
autumn, large numbers disperse from UK colonies out of UK waters, returning in spring. 
Birds from populations further north pass through western UK waters in autumn, and to a 
lesser extent in spring, but the absolute numbers involved are very uncertain, despite the 
detailed tracking reported by Frederiksen et al. (2012).  


15.8 Biogeographic population and relevant smaller units (BDMPS) 
Stroud et al. (2001) defined the biogeographic breeding population as that of the North 
Atlantic population, comprising 3,170,000 pairs. However, Mitchell et al. (2004) provided a 
revised estimate of this population as 2,500,000-3,000,000 pairs. Kober et al. (2010) 
presented an estimated biogeographic population of 8,400,000 individuals. Counts in the UK 
suggest a breeding population of around 288,500 pairs (Appendix Table 47). Summing 
populations with connectivity to UK waters gives an estimated total of about 1,270,000 pairs 
(Figure 15.2); the huge size of populations in the Barents Sea is a major part of this total. 
Numbers in the Barents Sea have apparently not declined as much as numbers in the UK 
and probably in Faroe, but there is low confidence in the exact numbers at Barents Sea 
colonies and how much these have changed (Frederiksen 2010, Frederiksen et al. 2012). 
Numbers in Norway have declined too, but there is some uncertainty about how much and 
how this pattern varies regionally (Barrett et al. 2006). The biogeographic population with 
connectivity to UK waters is therefore a total of about 5.1 million birds, 1.08 million from UK 
and 4.02 million from overseas. However, only very small proportions of these overseas 
populations are found in UK waters during migration seasons (autumn; August to December, 
and spring; January to April). The estimated total numbers in UK waters in autumn are 
1,740,000 birds (720,000 from UK, 1,020,000 from overseas) and 1,320,000 birds in spring 
(750,000 from UK, 570,000 from overseas). 
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Figure 15.2. Breeding population origins of kittiwakes in UK waters during migrations and 
winter. Estimated numbers of breeding pairs in each population are given. Base map from 
OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors.  
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Figure 15.3. Main movements of kittiwakes from UK breeding areas (red arrows) and from 
overseas populations (blue arrows) into UK waters during post-breeding dispersal/migration. 
Arrows imply general patterns of movement and should not be taken literally as indicating 
exact routes or exact starting and end points. Similarly, small numbers of birds occur in 
areas not marked by arrows and some birds may move in different directions from those 
broad patterns indicated. Movements probably tend to follow coastlines and arrows that 
cross land do not imply overland migration routes. As far as is known, spring return migration 
represents a reversal of the pattern shown in this figure. 
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Figure 15.4. Trend in the kittiwake breeding population index in UK from 1986-2012. Data 
from JNCC seabird population monitoring database. 
 


 
Figure 15.5. Trend in the kittiwake breeding population index in Scotland from 1986-2012. 
Data from JNCC seabird population monitoring database. 
 


y = -2.9883x + 6051.2 
R² = 0.8936 


0


20


40


60


80


100


120


140


1980 1985 1990 1995 2000 2005 2010 2015


y = -3.7338x + 7543 
R² = 0.8907 


0


20


40


60


80


100


120


140


1980 1985 1990 1995 2000 2005 2010 2015


  165 | P a g e  
 







 


 


 
Figure 15.6. Trend in the kittiwake breeding population index in England from 1986-2012. 
Data from JNCC seabird population monitoring database. 
 


 
Figure 15.7. Trend in the kittiwake breeding population index in Wales from 1986-2012. Data 
from JNCC seabird population monitoring database. 
 


y = -2.3284x + 4742.2 
R² = 0.7417 


0


20


40


60


80


100


120


140


1980 1985 1990 1995 2000 2005 2010 2015


y = -1.5231x + 3135.9 
R² = 0.6487 


0


20


40


60


80


100


120


140


1980 1985 1990 1995 2000 2005 2010 2015


  166 | P a g e  
 







 


 


 
Figure 15.8. Percentage increase in kittiwake colony size (number of nests) at 46 colonies in 
the UK between surveys in 1959 and 1969 (from Coulson 2011), showing the density-
dependent relationship between colony size and growth rate during this period of rapid 
population growth. Colony size is on a log scale. The same sort of density-dependent 
relationship between growth rate and colony size has been shown for other time periods so 
this graph is simply one example of this general phenomenon. 


15.9 Proportion of UK population in UK breeding SPAs 
The 33 SPAs with breeding kittiwakes as a feature together held 390,597 pairs at 
designation, estimated to represent ca. 78% of the British breeding population (Stroud et al. 
2001). However, based on census data for 1999-2011, Stroud et al. (2014) estimated that 
this suite held 56.5% of the GB population, as many of the largest colonies have declined 
even more than the population as a whole. Since a number of the colony size estimates 
used by Stroud et al. (2014) were from 1999 or 2000, so are very likely to be considerable 
overestimates of numbers in those colonies now, the true percentage of the population in the 
SPA suite for breeding kittiwakes is likely to be slightly lower than the estimate in Stroud et 
al. (2014), perhaps around 55% now. 
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Figure 15.9. UK SPA suite for breeding kittiwakes. These SPA populations are listed in 
Table 15.1. 
 
Table 15.1. The UK SPA suite for breeding kittiwakes. 
SPA Location Pairs Year 


desig-
nated 


Site 
Condition 
Monitoring* 


Recent 
counts 


Year Reference 


UK North Sea 
Hermaness, 
Saxavord & 
Valla  


Shetland 1,710 1994 Declined 
2009 


710 
624 
490 
391 


1999 
2002 
2005 
2009 


SCM database 
SCM database 
SCM database 
SCM database 


Foula Shetland 3,840 1995 Declined 
2007 


997 
509 
582 
480 
378 
327 


2007 
2009 
2010 
2011 
2012 
2013 


Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 
SCM database 
Gear 2012 
Gear 2013 


Noss Shetland 4,270 1996 Declined 
2005 


2,395 
1,427 
507 


2000 
2005 
2010 


Seabird2000 
Lewis et al. 2012 
Lewis et al. 2012 


Sumburgh 
Head 


Shetland 1,366 
(1994) 


1996 Declined 
2007 


506 
500 
549 
210 


2007 
2009 
2010 
2013 


Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 
SCM database 
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Fair Isle Shetland 9,660 1994 Declined 


2008 
2,688 
1,438 
1,225 
771 


2008 
2011 
2012 
2013 


SCM database 
SCM database 
FIBO Report 
SCM database 


West Westray Orkney 24,000 1996 Declined 
2007 


33,281 
12,055 


1999 
2007 


Seabird2000 
Lewis et al. 2012 


Calf of Eday Orkney 1,717 1998 No change 
2006 


765 
747 


2002 
2006 


Lewis et al. 2012 
Lewis et al. 2012 


Marwick Head Orkney 7,110 1994 Declined 
2006 


3,860 
2,185 
2,018 
1,134 
526 


2003 
2006 
2009 
2012 
2013 


Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 
SCM database 
SCM database 


Rousay Orkney 4,900 2000 Declined 
2009 


2,713 
1,764 


1999 
2009 


Seabird2000 
Lewis et al. 2012 


Copinsay Orkney 3,610 1994 Declined 
2008 


3,552 
666 


2008 
2012 


Lewis et al. 2012 
SCM database 


Hoy Orkney 3,000 2000 Declined 
2007 


781 
397 


1999 
2007 


Seabird2000 
Lewis et al 2012 


North 
Caithness 
Cliffs 


N 
Scotland 


15,650 1996 Declined 
2000 


10,150 2000 Seabird2000 


East Caithness 
Cliffs 


N 
Scotland 


31,930 
(1986) 


1996 Maintained 
1999 


40,410 1999 Seabird2000 


Troup, Pennan 
and Lion’s 
Heads 


NE 
Scotland 


31,660 
(1995) 


1997 No change 
2007 


18,482 
15,570 
17,171 
14,896 


2001 
2004 
2007 
2007 


Seabird2000 
Lewis et al. 2012 
Lewis et al. 2012 
SCM database 


Buchan Ness 
to Collieston 
Coast 


NE 
Scotland 


30,452 1998 No change 
2007 


13,330 
14,133 
12,542 


2004 
2007 
2007 


SCM database 
Lewis et al. 2012 
SCM database 


Fowlsheugh NE 
Scotland 


34,870 1992 Maintained 
1999 


11,140 
9,454 
9,337 


2006 
2009 
2012 


Lewis et al. 2012 
Lewis et al. 2012 
SCM database 


Forth Islands E 
Scotland 


8,400 
(1985) 
Or 
9,380 
(Stroud 
et al. 
2001) 


1990 Declined 
2007 


5,164 
3,884 
3,766 
3,100 


2007 
2011 
2012 
2013 


Lewis et al. 2012 
Lewis et al. 2012 
SCM database 
SCM database 
 
 


St Abb’s Head 
to Fast Castle 


E 
Scotland 


19,600 1997 Declined 
2008 


15,430 
c.5,000 
4,314 
3,403 


2000 
2011 
2012 
2013 


Seabird2000 
Lewis et al. 2012 
SCM database 
SCM database 


Farne Islands NE 
England 


6,236 1985  4,275 
3,699 
4,768 
3,976 
4,241 
3,443 


2008 
2009 
2010 
2011 
2012 
2013 


SCM database 
SCM database 
SCM database 
SCM database 
SCM database 
SCM database 


Flamborough 
Head & 
Bempton 
(to be 
subsumed into 
Flamborough 
and Filey 
Coast SPA)  


E England 83,370 
(1987) 


1993  42,692 
37,617 


2000 
2008 


SCM database 
SCM database 
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Flamborough 
and Filey 
Coast 


E England 44,520 
(2008-
2011) 


Not 
yet 


 42,692 
37,617 


2000 
2008 


SCM database 
SCM database 
 


UK Western waters & Channel 
Cape Wrath NW 


Scotland 
9,660 1996 Maintained 


2000 
10,344 2000 Seabird2000 


North Rona 
and Sula Sgeir 


N 
Scotland 


5,040 
(1986) 


2001 Declined 
2012 


4,119 
1,253 


1998 
2012 


Lewis et al. 2012 
SCM database 


Handa NW 
Scotland 


7,420 1990 Declined 
1999 


7,013 
5,985 
4,466 
1,872 


1999 
2005 
2009 
2013 


Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 
SCM database 


St Kilda Western 
Isles 


7,800 
(1987) 


1992 Maintained 
2000 


4,268 
1,516 
957 


1999 
2006 
2008 


Seabird2000 
Lewis et al. 2012 
Lewis et al. 2012 


Flannan Isles Western 
Isles 


2,800 
(1988) 


1992 Declined 
2013 


1,392 1998 Seabird2000 


Shiant Isles Western 
Isles 


1,850 1992 Maintained 
1999 


2,006 
549 


1999 
2008 


Seabird2000 
Lewis et al. 2012 


Canna and 
Sanday 


Inner 
Hebs 


1,193 1998 Maintained 
2001 


960 
1,002 
1,083 
820 


2010 
2011 
2012 
2013 


SCM database 
SCM database 
SCM database 
SCM database 


Rum Inner 
Hebs 


1,500 1982 No change 
2006 


788 2000 Seabird2000 


Mingulay and 
Berneray 


Western 
Isles 


8,610 
(1985) 


1994 Declined 
2009 


5,511 
4,974 
2,228 


1998 
2003 
2009 


Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 


North 
Colonsay & 
Western Cliffs 


W 
Scotland 


4,512 1997 Maintained 
2008 


5,563 2000 Seabird2000 


Ailsa Craig W 
Scotland 


3,100 
(1987) 


1990 Declined 
2003 


1,675 
200 
428 
489 


2001 
2008 
2009 
2013 


SCM database 
SCM database 
Lewis et al. 2012 
SCM database 


Rathlin Island N Ireland 6,822 
(1985) 


1999  9,917 
9,896 
7,922 


1999 
2007 
2011 


SCM database 
SCM database 
SCM database 


Skomer and 
Skokholm 


Wales 1,959 
Stroud 
et al. 
2001) 


1982  2,282 
2,046 
1,922 
1,837 
1,594 
1,045 


2008 
2009 
2010 
2011 
2012 
2013 


SCM database 
SCM database 
SCM database 
SCM database 
SCM database 
SCM database 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 


15.10 BDMPS 
The UK waters can be divided into two spatially distinct BDMPS. Most birds from UK North 
Sea colonies are members of the UK North Sea BDMPS, whereas few birds from western 
colonies enter the North Sea. Conversely, although some birds from UK North Sea colonies 
enter UK western waters plus Channel, these are a minority from those populations whereas 
most birds from colonies in western waters contribute to the UK western waters plus 
Channel BDMPS. UK North Sea holds about 830,000 birds during autumn migration (August 
to December), and 630,000 in spring migration (January to April). It seems that slightly more 
than half of these birds are from the UK population. UK western waters plus Channel 
BDMPS holds about 910,000 birds during autumn migration, and 690,000 in spring 
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migration. It should be recognised, however, that although kittiwake numbers are 
undoubtedly large in both these populations, numbers are not known with confidence, and 
appear to be highly variable depending on weather patterns, and possibly also on food 
supply.  
 
Apportioning of numbers from SPA populations, non-SPA colonies and from overseas 
populations is presented in Appendix A Tables 47 to 50.  
 
Based on evidence reviewed in sections 15.5, 15.6 and 15.7, the UK North Sea autumn 
migration BDMPS is estimated to contain 60% of adults and 40% of immatures from colonies 
in the UK North Sea, 1% of adults and 5% of immatures from colonies in UK western waters, 
10% of adults and immatures from Russia, Norway, Faroe and Germany, 5% of adults and 
immatures from France and Ireland. This results in an estimated BDMPS population of 
829,937 birds in autumn, 432,129 from UK and 397,808 from overseas (Appendix A Table 
47).  
 
Based on evidence reviewed in sections 15.5, 15.6 and 15.7, the UK western waters plus 
Channel autumn migration BDMPS is estimated to contain 20% of adults and 20% of 
immatures from colonies in the UK North Sea, 60% of adults and 40% of immatures from 
colonies in UK western waters, 10% of adults and immatures from Russia, 15% of adults 
and immatures from Norway, 20% of adults and immatures from Faroe and 5% of adults and 
immatures from Germany, 10% of adults and immatures from France, and 30% of adults and 
20% of immatures from Ireland. This results in an estimated BDMPS population of 911,586 
birds in autumn, 292,074 from UK and 619,512 from overseas (Appendix A Table 48).  
 
Based on evidence reviewed in sections 15.5, 15.6 and 15.7, the UK North Sea spring 
migration BDMPS is estimated to contain 60% of adults and 30% of immatures from colonies 
in the UK North Sea, 1% of adults and 2% of immatures from colonies in UK western waters, 
5% of adults and 7% of immatures from Russia, Norway, and Faroe, 15% of adults and 25% 
of immatures from Germany, 5% of adults and 10% of immatures from France, and 1% of 
adults and immatures from Ireland. This results in an estimated BDMPS population of 
627,816 birds in spring, 389,392 from UK and 238,424 from overseas (Appendix A Table 
49).  
 
Based on evidence reviewed in sections 15.5, 15.6 and 15.7, the UK western waters plus 
Channel spring migration BDMPS is estimated to contain 30% of adults and 20% of 
immatures from colonies in the UK North Sea, 80% of adults and 40% of immatures from 
colonies in UK western waters, 5% of adults and 10% of immatures from Russia and 
Norway, 10% of adults and immatures from Faroe, 5% of adults and immatures from 
Germany, 10% of adults and immatures from France, 30% of adults and 20% of immatures 
from Ireland. This results in an estimated BDMPS population of 691,526 birds in spring, 
362,814 from UK and 328,712 from overseas (Appendix A Table 50).  
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Figure 15.10. Two defined BDMPS spatial areas for kittiwake: ‘UK North Sea waters’ and 
‘UK Western waters plus Channel’. 


15.11 Proportions of UK breeding SPA birds in BDMPS 
The proportion of birds in each BDMPS that are adults from UK SPA populations can be 
estimated directly from Appendix A Tables 47 to 50. For example, the UK North Sea autumn 
migration season BDMPS comprises 829,937 birds in total, of which 184,615 are adults from 
UK SPA populations, giving an estimate of 22% being adults from UK SPAs. 


15.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
The SPAs for breeding kittiwakes in UK North Sea BDMPS and UK Western waters plus 
Channel BDMPS are well distributed through the broad breeding range of the species in 
those areas. In the South-west and Channel area there is only one SPA population, in south 
Wales, so the distribution of SPA birds could be patchy, but since kittiwakes disperse very 
widely it is likely that in all areas they are very thoroughly mixed through the broader UK 
population and with birds from overseas. 
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16. SANDWICH TERN Thalasseus sandvicensis 
 Biogeographic population with 


connectivity to UK waters 
(adults and immatures) 


Numbers in UK waters in 
migration seasons (July-
September and March-May) 


Overseas 107,000 13,560 


UK 41,000 35,252 


Total 148,000 48,812 


 


 Total number of 
birds in BDMPS 
(adults plus 
immatures) 


Number from 
overseas 
populations 
(adults plus 
immatures) 


Number from UK 
population (adults 
plus immatures) 


Migration seasons 
BDMPS (July-September 
and March-May) 


   


UK North Sea and Channel 38,051 10,090 27,961 


UK Western waters 10,761 3,470 7,291 


 
Sandwich tern numbers in UK SPA colonies are almost all monitored frequently. However, 
numbers in UK colonies that are not SPA populations are less well monitored, and do 
represent a substantial proportion of the UK total. Sandwich tern migrations have not been 
studied by geolocator deployment, and ringing recoveries from the migration period in UK 
waters are very limited. So understanding of details of Sandwich tern movements are 
relatively poor, especially to the extent that birds from overseas populations are concerned. 
While ring recoveries show that some birds from overseas pass through UK waters, the 
proportions of those populations doing so are very uncertain since ring recovery data are 
subject to considerable potential bias. Therefore, numbers of overseas birds and total 
numbers in the BDMPS are classed as red, whereas numbers from the UK population are 
classed amber. 


Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 51 
and 52. 


16.1 Breeding range and taxa 
Sandwich tern has a Holarctic breeding distribution in warm temperate latitudes. There are 
three subspecies, but only nominate T. s. sandvicensis occurs within British waters. There is 
no evidence that biometrics would allow origins of individuals to be identified. Most 
populations breed south of the UK. There are moderate numbers in Denmark and Germany, 
but few in Norway or Sweden.  
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16.2 Non-breeding component of the population 
Sandwich terns start to breed when 3 years old (BTO Birdfacts). Adult survival rate is 0.898 
(BTO Birdfacts), juvenile survival 0.358 (BTO Birdfacts) and mean productivity is 0.656 
chicks per pair (JNCC database, n=174 measurements). To obtain a stable population, 
survival of immatures was adjusted to 0.55 for juveniles, 0.7 for 1-year olds, and 0.8 for 2-
year olds. The model population comprised 61% adults, 20% juveniles and 19% older 
immatures. There are 0.63 immatures per adult.  


16.3 Phenology 
Breeding colonies in the UK are deserted by late September (Brown and Grice 2005), with 
modal departure in August (Pennington et al. 2004; Forrester et al. 2007). Autumn 
dispersal/migration starts in July (Cramp et al. 1977-94; Pennington et al. 2004; Forrester et 
al. 2007) or August (Wernham et al. 2002). Peak autumn migration occurs in August in 
Shetland (Pennington et al. 2004), and Scotland (Forrester et al. 2007), July-September in 
Belgium (Vanermen et al. 2013) or September throughout Europe (Cramp et al. 1977-94; 
Wernham et al. 2002). Peak rate of change in numbers observed in autumn at Trektellen 
seawatching UK sites (predominantly in south and east England) occurred from July to 
September (Figure 16.1). Autumn migration is completed in UK waters by October 
(Wernham et al. 2002; Pennington et al. 2004; Forrester et al. 2007) or early November 
throughout the geographical range (Cramp et al. 1977-94).  
 
Spring migration starts in late February in the winter quarters (Cramp et al. 1977-94) and in 
March in UK waters (Wernham et al. 2002; Pennington et al. 2004; Forrester et al. 2007). 
Peak spring migration occurs in March-April in Belgium (Vanermen et al. 2013) and in 
English waters (Brown and Grice 2005), in April (Cramp et al. 1977-94; Wernham et al. 
2002) in April-May in Scottish waters (Forrester et al. 2007) and in June in Shetland 
(Pennington et al. 2004). Peak numbers observed in spring at Trektellen seawatching UK 
sites (predominantly in south and east England) occurred in April (Figure 16.1). Spring 
migration is completed in May (Cramp et al. 1977-94; Wernham et al. 2002), June (Forrester 
et al. 2007) or July in Shetland (Pennington et al. 2004).  
 
The first spring records of Sandwich tern in Shetland, Fair Isle, Orkney, and Argyll Bird 
Reports for 2007 to 2012 were from 2 March to 26 April but predominantly in late March, and 
the last records were from 28 June to 31 December but mostly in October. Peak autumn 
migration was reported in August-September in most years, and peak spring migration was 
reported in April or May in most years. Birds re-occupy colonies from March, with modal 
return in April (Pennington et al. 2004; Forrester et al. 2007). 
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Figure 16.1. Average numbers of Sandwich terns counted per hour at migration sites in the 
UK (which are mostly in south or east England). Data from Trektellen database accessed 
from the internet in January 2014. 
 
Kober et al. (2010) defined breeding season as May-August, non-breeding season birds 
predominantly absent from UK waters. However, from the data reviewed above, a more 
appropriate definition would be breeding season April-August, non-breeding season 
September-March. 


16.4 Defined seasons: 
• UK Breeding season     April-August 
• Post-breeding migration in UK waters  July-September (migration BDMPS) 
• non-breeding season     September-March 
• Return migration through UK waters   March-May (migration BDMPS) 
• Migration-free breeding season  June 
• Migration-free winter season   October-February 


Apart from the breeding season, one seasonal BDMPS period is considered to be 
appropriate for Sandwich tern: 


Migration periods BDMPS (July-September, and March-May). 


16.5 Movements of birds from the UK population 
Sandwich terns breeding in the UK are mainly concentrated in a small number of colonies, 
with high concentrations in Norfolk, and Northumberland. Breeding adults may abandon 
colonies where habitat change, predation or flooding impact on productivity, and may move 
considerable distances to recruit into another colony, so European populations represent a 
large meta-population (Møller 1981). Birds begin to disperse from colonies in late June and 
many fledglings may cross the North Sea between continental and UK colonies in July-
August (Wernham et al. 2002). Sandwich tern fledglings remain dependent on their parents 
for food for some weeks after fledging, so move as family parties rather than as independent 
individuals (Meissner and Krupa 2007). Birds move quite rapidly southwards to wintering 
areas from west Africa to southern Africa, so that very few remain in UK waters after 
September (Wernham et al. 2002), although there are small numbers seen as late as 
November on English coasts (Balmer et al. 2013).  
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16.6 Movements of birds from overseas into UK waters 
Ring recoveries show movements of Sandwich terns from populations in Ireland, Denmark, 
Germany, The Netherlands and Belgium moving through UK waters. For example, birds 
caught at Teesmouth in late summer included individuals ringed in Belgium (2), Netherlands, 
Denmark (2) and Northern Ireland (3) as well as 75 ringed in the UK (Ward 2000). All but 
one of these ringed birds from the continent were juveniles, suggesting that young birds are 
most likely to cross the North Sea during autumn dispersal. There is also one recovery of a 
juvenile reared at a colony in North America (so of a different subspecies from the birds in 
Europe) recovered dead in SW England in November (Wernham et al. 2002). The North 
American subspecies normally winters in South America, so this ring recovery is highly 
atypical. Many juveniles remain dependent on their parents for some of their food during 
migration and during winter (Fernandez-Cordeiro and Costas 1991; Wernham et al. 2002). 
Most first year birds remain in the winter quarters through their first summer and second 
years mainly move only part way towards their natal area, summering off west Africa or 
southern Europe. Most three year olds and older birds migrate rapidly back to their breeding 
area in March-April, but some three year olds, and some older birds spend the summer in 
west Africa or southern Europe rather than breeding (Wernham et al. 2002). Birds may 
recruit into colonies hundreds of kilometres from where they were reared, so there is 
considerable interchange between colonies in UK, Ireland and countries on the east side of 
the North Sea (Wernham et al. 2002). Seabird 2000 estimated that about 12,490 pairs bred 
in the UK, 1,800 pairs in Ireland, 4,500 in Denmark, 9,700 in Germany, 14,500 in The 
Netherlands, and 1,550 in Belgium (Mitchell et al. 2004). With extensive dispersal between 
these populations and the large numbers on each side of the North Sea, it is likely that many 
of the Sandwich terns in UK waters in July-October originate from mainland European 
colonies (and some also from Ireland though numbers there are relatively small). Few breed 
in Norway or Sweden (in total about 300 to 400 pairs) and there are none in Faroe or 
Iceland, so numbers migrating through UK waters from further north will be very small. 
Meissner and Krupa (2007) reported that Sandwich terns caught in the southern Baltic 
during migration had longer wing lengths than birds caught in NE England on migration, 
indicating that different populations were involved in these two regions. It is likely that the 
numbers of birds crossing the North Sea during post-breeding dispersal will vary 
considerably from year to year, as terns will congregate, post-breeding, in areas where there 
are aggregations of prey fish; small pelagic fish such as sandeels, sprats and young herring 
(Stienen and Brenninkmeijer 1998, 2002). Productivity of these short-lived fish varies 
considerably from year to year, and so there may be some years when many UK birds move 
to Danish waters to feed on sprats, some years when many Dutch birds move to UK waters 
to feed on sandeels, and so on. As a result, the proportions of birds from different countries 
and the absolute numbers of birds in UK waters post-breeding and during migration may 
vary considerably from year to year. Although large numbers of Sandwich terns breed in 
France (about 7,000 pairs) and many birds are ringed in those colonies, they are not 
recovered in the UK and so appear not to pass through UK waters. The distribution of 
Sandwich tern colonies in France is predominantly in the Bay of Biscay, with few nesting in 
northern France (Hagemeijer and Blair 1997), so the lack of connectivity with the UK is 
understandable. 


16.7 Numbers in UK waters 
Forrester et al. (2007) suggest that about 500 to 1,500 birds are in Scottish waters during 
autumn migration, and about 100 to 1,000 birds during spring migration, and that there may 
be up to 5 birds in Scottish waters in winter. Numbers in English waters are uncertain, but 
likely involve all of the UK population (of about 12,500 pairs so 25,000 adults). Associated 
with that UK adult population will be about 15,700 immatures, but the youngest age class will 
predominantly remain in the winter quarters rather than return to UK waters, so perhaps 
about 8,000 to 9,000 of the immatures are likely to be in UK waters during the migration 
periods. In addition, even more uncertain numbers from overseas populations pass through 
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UK waters on passage. These are likely to include about 1,000 to 4,000 birds from Ireland 
passing mainly through SW English waters, and perhaps 1,000 to 20,000 birds from Norway 
to Belgium passing mainly through southern North Sea UK waters (as many of those birds 
will pass through southern North Sea continental rather than UK waters). Summing these 
suggests that about 44,000 birds may pass through UK waters during autumn migration, and 
perhaps similar or slightly smaller numbers in spring. 


16.8 Biogeographic population 
Stroud et al. (2001) defined the biogeographic breeding population as that of the European 
population, comprising 132,000 pairs. However, Mitchell et al. (2004) provided a revised 
estimate of this population as 69,000-79,000 pairs. Kober et al. (2010) did not present an 
estimated biogeographic population for this species. The biogeographic population with 
connectivity to UK waters would be the sum of the populations listed in Figure 16.2, or a total 
of about 45,000 pairs. Populations in France (which are predominantly in the Bay of Biscay 
and western Mediterranean; Hagemeijer and Blair 1997) and Spain appear to have no 
connectivity with UK waters. The biogeographic population with connectivity to UK waters 
comprises 148,000 birds (adults and immatures) with 41,000 from UK and 107,000 from 
overseas. However, only a small proportion of the birds from the connected overseas 
populations occur within UK waters, so that the estimated total number of birds in UK waters 
during migration is 49,000 birds, with 35,300 from UK and 13,600 from overseas. 
 


 
Figure 16.2. Breeding population origins of Sandwich terns in UK waters during migrations 
and winter. Estimated numbers of breeding pairs in each population are given. Base map 
from OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors. 
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Figure 16.3. Main movements of Sandwich terns from UK breeding areas (red arrows) and 
from overseas populations (blue arrows) into UK waters during post-breeding 
dispersal/migration. Arrows imply general patterns of movement and should not be taken 
literally as indicating exact routes or exact starting and end points. Similarly, small numbers 
of birds occur in areas not marked by arrows and some birds may move in different 
directions from those broad patterns indicated. Movements probably tend to follow coastlines 
and arrows that cross land do not imply overland migration routes. As far as is known, spring 
return migration represents a reversal of the pattern shown in this figure. 
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Figure 16.4. Trend in the Sandwich tern breeding population index in UK from 1986-2012. 
Data from JNCC seabird population monitoring database. 
 


 
Figure 16.5. Trend in the Sandwich tern breeding population index in Scotland from 1986-
2012. Data from JNCC seabird population monitoring database. 
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Figure 16.6. Trend in the Sandwich tern breeding population index in England from 1986-
2012. Data from JNCC seabird population monitoring database. 
 


16.9 Proportion of BDMPS from UK breeding SPAs 
The 16 SPAs with breeding Sandwich terns as a feature together held 11,440 pairs at 
designation, estimated to represent ca. 72% of the British breeding population (Stroud et al. 
2001). Based on census data from 2006-2011, Stroud et al. (2014) estimated that the 
population on GB SPAs for breeding Sandwich terns comprised 72%, suggesting no change 
overall in this statistic since SPA designations. This is despite the fact that several SPA 
populations have declined to zero (Table 16.1). 
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Figure 16.7. The UK SPA suite for breeding Sandwich terns. These SPA populations are 
listed in Table 16.1. 
 
Table 16.1. The UK SPA suite for breeding Sandwich terns. 
SPA Location Pairs Year 


desig-
nated 


Site 
Condition 
Monitoring* 


Recent 
count 


Year Reference 


UK North Sea & Channel 


Loch of 
Strathbeg 


NE 
Scotland 


530 
 


1995 Declined 
2004 


0 
0 
0 
0 
0 
0 
0 


2007 
2008 
2009 
2010 
2011 
2012 
2013 


Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 
SMP database 
SMP database 
SMP database 
SMP database 


Ythan Estuary, 
Sands of 
Forvie  


NE 
Scotland 


600 
(early 
1990s) 


1998 Maintained 
2012 


900 
670 
645 
674 
590 
657 
565 


2007 
2008 
2009 
2010 
2011 
2012 
2013 


Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 
SMP database 
SMP database 
SMP database 
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Forth Islands E 


Scotland 
440 
(1985) 
Or 22 
(Stroud 
et al. 
2001) 


1990 Declined 
2003 


0 
1 
0 
0 
0 
0 


2007 
2008 
2010 
2011 
2012 
2013 


Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 
SMP database 
SMP database 
SMP database 


Farne Islands NE 
England 


2,070 
(1993-
1997) 


1985  1,413 
1,358 
1,415 
1,019 
544 
966 
824 


2007 
2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Coquet Island NE 
England 


1,590 
(1993-
1997) 


1985  759 
1,223 
804 
873 
1,069 
1,717 
1,289 
670 


2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


North Norfolk 
Coast 


E England 3,700 
(1992-
1996) 
Or 
3,457 
(Stroud 
et al. 
2001) 


1989  3,550 
3,450 
3,600 
2,680 
3,100 
2,980 
3,562 
4,135 


2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Alde-Ore 
Estuary 


E England 170 
(1992-
1996) 
Or 169 
(Stroud 
et al. 
2001) 


1996  2 
3 
0 
0 
0 
2 


2004 
2005 
2006 
2007 
2008 
2009 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Foulness  320 
(1992-
1996) 


1996  0 
0 
0 
0 


2003 
2004 
2005 
2006 


SMP database 
SMP database 
SMP database 
SMP database 


Chichester & 
Langstone 
Harb 


S England 31 
(1993-
1997) 
Or 
158 
(Stroud 
et al. 
2001) 


 198
7 


 271 
204 
78 
130 
183 
205 
175 
46 
6 


2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Solent & 
Southampton 
Water 


S England 231 
(1993-
1997) 


1998  275 
268 
210 
226 
0 
140 
0 
0 
0 
215 
0 


1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2007 
2008 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
Stroud et al. 2014 
SMP database 
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UK Western waters 


Carlingford 
Lough 


N Ireland 575 
(1993-
1997) 


1998  1,125 
826 
363 
170 
0 
78 
0 


2005 
2006 
2007 
2008 
2009 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Larne Lough N Ireland 165 
Stroud 
et al. 
2001) 


1997  788 
465 
695 
545 
373 
449 
324 
433 
257 


2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Strangford 
Lough 


N Ireland 593 
(1993-
1997) 


1998  1,092 
1,385 
1,594 
1,398 
1,994 
1,203 
978 
771 


2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Morecambe 
Bay 


NW 
England 


422 
(1992-
1996) 
Or  
290 
(Stroud 
et al. 
2001) 


1996  0 
0 
0 
0 
0 
1 


2002 
2003 
2004 
2005 
2006 
2011 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Duddon 
Estuary 


Cumbria 210 
(1988-
1992) 


1998  300 
300 
280 
400 
400 
10 
0 
1 


2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Ynys Feurig, 
Cemlyn Bay  


Wales 460 
(1993-
1997) 


1992  0 
0 
1 
0 
0 
0 


2004 
2005 
2006 
2007 
2008 
2009 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 


16.10 BDMPS 
The UK waters can be divided into two distinct spatial BDMPS for Sandwich tern, the UK 
North Sea and Channel, and the UK western waters. These areas are appropriate for 
passage periods, including both autumn and spring. The UK North Sea and Channel 
BDMPS holds the bulk of the overseas migrants passing through UK waters and the bulk of 
the UK breeding population. About 38,000 birds may occur in this BDMPS in autumn and 
spring, with about 28,000 of those being from the UK population. The UK western waters 
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BDMPS holds smaller numbers of birds, with about 11,000 in total and 7,300 of these from 
the UK and 3,500 from overseas. 
 
Apportioning of numbers from SPA populations, non-SPA colonies and from overseas 
populations is presented in Appendix A Tables 51 and 52.  
 
Based on evidence reviewed in sections 16.5, 16.6 and 16.7, the UK North Sea and 
Channel migration seasons BDMPS holds 100% of adults and 70% of immatures from UK 
North Sea colonies, none from UK western waters colonies, and 10% of adults and 
immatures from Norway, Sweden, Denmark, Germany, The Netherlands, and Belgium, but 
none from Ireland. This gives a BDMPS total of 38,051 birds, 27,961 from UK and 10,090 
from overseas. 
 
Based on evidence reviewed in sections 16.5, 16.6 and 16.7, the UK western waters 
migration seasons BDMPS holds 0% of adults and immatures from UK North Sea colonies, 
100% of adults and 70% of immatures from UK western waters colonies, 5% of adults and 
immatures from Norway and Sweden, 3% of adults and immatures from Denmark, 2% of 
adults and immatures from Germany, 1% of adults and immatures from The Netherlands 
and Belgium, 30% of adults and immatures from Ireland. This gives a BDMPS total of 10,761 
birds, 7,291 from UK and 3,470 from overseas. 
 


 
Figure 16.8. Two defined BDMPS spatial areas for Sandwich tern: ‘UK North Sea waters and 
Channel’ and ‘UK Western waters’. 
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16.11 Proportions of UK SPA birds in BDMPS 
The proportion of birds in each BDMPS that are adults from UK SPA populations can be 
estimated directly from Appendix A Tables 51 and 52. For example, the UK North Sea and 
Channel migration season BDMPS comprises 38,051 birds in total, of which 12,404 are 
adults from UK SPA populations, giving an estimate of 33% being adults from UK SPAs. 


16.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
During migration periods, UK SPA birds will be fairly well mixed throughout the BDMPS 
area. In UK western waters the very high concentration of most SPA birds in a single SPA 
may result in some local aggregation of SPA birds around North Wales. However, dispersal 
of birds in autumn can be quite rapid so that aggregations of UK SPA birds are likely to 
disappear as migration proceeds. 
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17. ROSEATE TERN Sterna dougallii 
 Biogeographic population with 


connectivity to UK waters 
(adults and immatures) 


Numbers in UK waters in migration 
seasons (August-September and 
late April-May) (adults and 
immatures) 


Overseas 2,600 2,111 


UK 300 244 


Total 2,900 2,355 


 


 Total number 
of birds in 
BDMPS (adults 
plus 
immatures) 


Number from 
overseas 
populations 
(adults plus 
immatures) 


Number from UK 
population (adults 
plus immatures) 


Migration seasons 
BDMPS (August-
September and late April-
May) 


   


East coast and Channel 251 7 244 


North and west Scotland 4 4 0 


West England & Wales  2,100 2,100 0 


 
Although scarce, roseate tern is intensively monitored in the UK and Ireland. Colony 
locations are regularly checked, and breeding numbers are counted annually at most 
colonies. Migrations of roseate terns through UK waters have not been studied in detail, but 
it is certain that birds from UK colonies pass through UK waters on migration (apart from 
very young immatures that remain in the winter quarters throughout their first summer). It is 
almost certain that Irish roseate terns migrate through western UK waters, since they would 
have difficulty getting from Ireland to west Africa without passing through the SW 
Approaches. There is unlikely to be significant interchange between birds from western 
waters and the North Sea, as roseate terns are not seen migrating overland in the way that 
common terns often do. The main uncertainty is what proportion of immature roseate terns 
from the Irish population migrate through UK waters, and for that reason the numbers of 
overseas roseate terns in the West England & Wales BDMPS are coded amber, while other 
component numbers are coded green. 


Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 53 to 
55. 


17.1 Breeding range and taxa 
Roseate tern is a cosmopolitan species, breeding in tropical, sub-tropical and temperate 
regions around the world. There are five subspecies, but only nominate dougallii occurs in 
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British waters. The species is so scarce in the UK that useful biometrics are unlikely to be 
available.  


17.2 Non-breeding component of the population 
Roseate terns start to breed when 2 years old (BTO Birdfacts). Adult survival rate is 0.855 
(BTO Birdfacts), juvenile survival unknown (BTO Birdfacts) and mean productivity is 1.293 
chicks per pair (JNCC database, n=88 measurements). To obtain a stable population, 
productivity was adjusted to 1 chick per pair as the reported productivity seems out of line 
with other data on productivity of terms and may be biased by coming predominantly from 
highly protected colonies, survival of immatures was adjusted to 0.5 for juveniles, and 0.6 for 
1-year olds. The model population comprised 57% adults, 29% juveniles and 14% older 
immatures. There are 0.75 immatures per adult. 


17.3 Phenology 
Breeding colonies in the UK are deserted by late August, with modal departure in August 
(Pennington et al. 2004; Forrester et al. 2007). Autumn migration starts in July (Wernham et 
al. 2002; Forrester et al. 2007) or late-August (Cramp et al. 1977-94). Peak autumn 
migration occurs in August (Forrester et al. 2007), August-September (Wernham et al. 
2002), or September (Cramp et al. 1977-94). Peak numbers observed in autumn at 
Trektellen seawatching UK sites (predominantly in south and east England) occurred in 
August, with very few after early September (Figure 17.1). Autumn migration is completed by 
early October (Forrester et al. 2007) mid-October (Cramp et al. 1977-94) or October 
(Wernham et al. 2002).  
 
Spring migration starts in late March from southern hemisphere wintering areas (Cramp et 
al. 1977-94), late April (Forrester et al. 2007) or early May (Wernham et al. 2002) in UK 
waters. Peak spring migration occurs in May (Cramp et al. 1977-94; Wernham et al. 2002; 
Brown and Grice 2005; Forrester et al. 2007). Peak numbers observed in spring at 
Trektellen seawatching UK sites (predominantly in south and east England) occurred in mid- 
to late-May (Figure 17.1). Spring migration is completed by early June (Cramp et al. 1977-
94; Wernham et al. 2002) or June (Forrester et al. 2007). Birds re-occupy colonies from early 
May, with modal return in mid- to late-May (Forrester et al. 2007). It is interesting to note that 
numbers seen on spring migration are very much smaller than numbers seen on autumn 
migration (Figure 17.1). This pattern is typical of most seabird species but is very 
pronounced for roseate tern. The reasons for this are not understood. The fact that spring 
migration occurs more rapidly than autumn migration may be a major factor. Possibly the 
fact that autumn migration includes juvenile birds may also be a factor (since the 
inexperienced juveniles may be particularly evident passing coastal migration watch points in 
autumn as they might perhaps migrate closer to shore than most adults do).  
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Figure 17.1. Average numbers of roseate terns counted per hour at migration sites in the UK 
(which are mostly in south or east England). Data from Trektellen database accessed from 
the internet in January 2014. 
 
Kober et al. (2010) defined breeding season as May-August, non-breeding season birds 
predominantly absent from UK waters. From the data reviewed above, an appropriate 
definition would be breeding season May-August, non-breeding season September-April. 


17.4 Defined seasons: 
• UK Breeding season     May-August 
• Post-breeding migration in UK waters  August-September (migration BDMPS) 
• non-breeding season     September-April 
• Return migration through UK waters  late  April-May (migration BDMPS) 
• Migration-free breeding season  June-July 
• Migration-free winter season   October-March 


Apart from the breeding season, one seasonal BDMPS period is considered to be 
appropriate for roseate tern: 


Migration periods BDMPS (August-September, and late April-May). 


17.5 Movements of birds from the UK population 
Roseate terns at UK colonies fledge chicks in July, and pre-migratory dispersal occurs in 
August (Wernham et al. 2002). At this time, birds tend to congregate where there is suitable 
food, and chicks remain dependent on their parents for feeding (Wernham et al. 2002). 
Autumn migration to wintering areas off west Africa occurs mainly during August-October, 
although some birds (presumably failed breeders or nonbreeders) arrive on the wintering 
grounds by July (Wernham et al. 2002). Almost all juveniles remain on the wintering grounds 
through their first summer, although very small numbers return to visit breeding colonies 
briefly in July. Many, but not all, 2nd year birds return to breeding areas in late June and July 
to prospect for nest sites. Older birds leave west Africa in March-April and return to colonies 
in May (Wernham et al. 2002).  
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17.6 Movements of birds from overseas into UK waters 
No roseate terns ringed at colonies outside the British Isles have been recovered within UK 
waters (Wernham et al. 2002). However, although there is a preference for returning to the 
natal colony, chicks are likely to recruit into any colony in NW Europe, so this population 
clearly represents a meta-population with extensive gene flow. In contrast, chicks from NW 
Europe have hardly ever been seen in colonies in the Azores (where there are between 
1,000 and 1,500 pairs) or North America (where there are around 4,000 pairs), suggesting 
that those populations are somewhat distinct. Seabird 2000 recorded about 56 pairs 
breeding in the UK, 734 in Ireland, 80 in France, and 1-3 pairs in Germany, Netherlands and 
Belgium (Mitchell et al. 2004). Based on the much larger numbers breeding in Ireland than in 
the UK, it seems likely that a very high proportion of the roseate terns seen in UK waters to 
the west of the UK in spring or autumn will be Irish birds (Brown and Grice 2005). Most UK 
roseate terns breed on the coast of Northumberland (colonies in the Firth of Forth which 
used to be a stronghold have declined to just one or two pairs since 2000). A high proportion 
of roseate terns in North Sea UK waters are likely to be from UK colonies as there is no 
evidence to suggest that Irish (or French) roseate terns pass through the North Sea.  


17.7 Numbers in UK waters 
Numbers in UK waters are very low, and so are very difficult to assess with any confidence. 
Forrester et al. (2007) suggest that between 5 and 20 birds migrate through Scottish waters. 
The relatively large population breeding in Ireland (750 pairs plus some of the associated 
immatures) almost certainly passes though SW English waters during autumn and spring 
migrations. 


17.8 Biogeographic population 
Stroud et al. (2001) defined the biogeographic breeding population as that of the European 
population, comprising 1,770 pairs. However, Mitchell et al. (2004) provided a revised 
estimate of this population as 1,900-2,400 pairs. Kober et al. (2010) did not present an 
estimated biogeographic population for this species. The biogeographic population with 
possible connectivity to UK waters comprises 84 pairs in the UK, 750 pairs in Ireland, and 3 
pairs in Germany to Belgium (Figure 17.2). This equates to 2,900 birds in total, with 300 from 
UK and 2,600 from overseas. A high proportion of this biogeographic population with 
connectivity does pass through UK waters on migration. Estimated numbers in UK waters 
during migration are 2,340 birds in total, with 240 from UK and 2,100 from overseas (the 
total from UK in UK waters is less than the biogeographic total in the UK population because 
some first year birds remain in winter quarters so do not enter UK waters at that stage of 
their life). 
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Figure 17.2. Breeding population origins of roseate terns in UK waters during migrations and 
winter. Estimated numbers of breeding pairs in each population are given. Base map from 
OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors.  
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Figure 17.3. Main movements of roseate terns from UK breeding areas (red arrows) and 
from overseas populations (blue arrows) into UK waters during post-breeding 
dispersal/migration. Arrows imply general patterns of movement and should not be taken 
literally as indicating exact routes or exact starting and end points. Similarly, small numbers 
of birds occur in areas not marked by arrows and some birds may move in different 
directions from those broad patterns indicated. Movements probably tend to follow coastlines 
and arrows that cross land do not imply overland migration routes. As far as is known, spring 
return migration represents a reversal of the pattern shown in this figure. 
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Figure 17.4. Trend in the roseate tern breeding population index in UK from 1986-2012. Data 
from JNCC seabird population monitoring database. 
 


 
Figure 17.5. Trend in the roseate tern breeding population index in all-Ireland from 1986-
2012. Data from JNCC seabird population monitoring database. 


17.9 Proportion of UK population from UK breeding SPAs 
The 7 SPAs with breeding roseate terns as a feature together held 56 pairs at designation, 
estimated to represent ca. 88% of the British breeding population and 1.4% of the all-Ireland 
breeding population (Stroud et al. 2001). Stroud et al. (2014) estimate that the UK SPA 
populations counted in 2005-2011 represented 94% of the GB population.  
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Figure 17.6. SPA suite for roseate tern. These SPA populations are listed in Table 17.1. 
 
Table 17.1. The UK SPA suite for breeding roseate terns. 
SPA Location Pairs Year 


desig-
nated 


Site 
Condition 
Monitoring* 


Recent 
count 


Year Reference 


East coast and Channel 


Forth Islands E 
Scotland 


8 
(1997-
2001) 
Or  
9 
(Stroud et 
al. 2001) 


1990 
(and 
2004) 


Declined 
2009 


3 2005-
2009 


Stroud et al. 
2014 


Farne Islands NE 
England 


3 
(Stroud et 
al. 2001) 


1985  0 2011 Stroud et al. 
2014 


Coquet Island NE 
England 


31 
(1993-
1997) 


1985  78 2011 Stroud et al. 
2014 


North Norfolk 
Coast 


E 
England 


2 
(Stroud et 
al. 2001) 


1989  0 2010 Stroud et al. 
2014 
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Solent & 
Southampton 
Water 


S 
England 


2 
(1993-
1997) 


1998  0 2009 Stroud et al. 
2014 


West England & Wales 


Larne Lough N Ireland 6 
(1993-
1997) 


1997  0 2011 Stroud et al. 
2014 


Ynys Feurig, 
Cemlyn Bay 


Wales 3 
(1992-
1996) 


1992  0 2011 SCM 
database 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 


17.10 BDMPS 
UK waters can be divided into three BDMPS based on strong differences in origins and 
numbers of birds present in the three areas during migration seasons. ‘North and West 
Scotland’ holds no breeding birds and has a BDMPS of about 4 birds, which are most likely 
to be immatures from the Irish population. ‘East Coast and Channel’ holds a breeding 
population of about 82-84 pairs, of which 81 are in SPAs. The BDMPS comprises these 82-
84 pairs plus associated immatures, plus about 7 birds from the population in Germany to 
Belgium that may pass through UK waters. In total this BDMPS probably includes 251 birds. 
The ‘West England and Wales’ BDMPS holds no UK breeding birds, but will see migration of 
many birds from the population in Ireland. Possibly some 2,100 roseate terns migrate to and 
from the east coast of Ireland through the West of England and Wales marine area. So the 
BDMPS for this area is 2,100 birds, all from outwith the UK population. 
 
Apportioning of numbers from SPA populations, non-SPA colonies and from overseas 
populations is presented in Appendix A Tables 53 to 55.  
 
Based on evidence reviewed in sections 17.5, 17.6 and 17.7, the East coast and Channel 
migration seasons BDMPS holds 100% of adults and 60% of immatures from UK North Sea 
colonies but no birds from other parts of the UK, 5% of adults and 10% of immatures from 
Germany, The Netherlands and Belgium, and 0.2% of adults and 0.3% of immatures from 
Ireland (Appendix A Table 53). These proportions result in a BDMPS population total of 251 
birds, 244 from UK and 7 from overseas. 
 
Based on evidence reviewed in sections 17.5, 17.6 and 17.7, the North and West Scottish 
waters migration seasons BDMPS holds no birds from UK colonies, but 0.1% of immatures 
from Germany, The Netherlands and Belgium, and 0.05% of adults and 0.3% of immatures 
from Ireland (Appendix A Table 54). This gives an estimated BDMPS of 4 birds, all from 
overseas populations. 
 
Based on evidence reviewed in sections 17.5, 17.6 and 17.7, the West England and Wales 
migration seasons BDMPS holds no birds from UK North Sea colonies, 100% of adults and 
60% of immatures from UK west coast colonies, 0.01% of immatures from Germany, The 
Netherlands and Belgium, 95% of adults and 60% of immatures from Ireland (Appendix A 
Table 55). This gives an estimated BDMPS of 2,100 birds, none from UK colonies but 2,100 
from overseas colonies. 
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Figure 17.7. Three defined BDMPS spatial areas for roseate tern: ‘East coast and Channel’, 
‘North and West Scotland’ and ‘West England and Wales’. 


17.11 Proportions of UK SPA birds in BDMPS 
In North and West Scotland BDMPS there are probably no UK SPA birds. In East Coast and 
Channel BDMPS UK birds are likely to form 97% of the population, with 94% of those 97% 
being UK SPA birds, so that UK SPA birds represent 91% of the population. In West 
England and Wales BDMPS UK birds are likely to form 0% of the population. The proportion 
of birds in each BDMPS that are adults from UK SPA populations can be estimated directly 
from Appendix A Tables 53 to 55. For example, the East coast and Channel migration 
season BDMPS comprises 251 birds in total, of which 168 are adults from UK SPA 
populations, giving an estimate of 67% being adults from UK SPAs. 


17.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
Since the UK SPA birds either form 0% or a high percentage of the BDMPS, the spatial 
distribution within regions is likely to be consistent; high in East coast and Channel BDMPS 
and zero in North and West Scotland BDMPS and in West England and Wales BDMPS.   
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18. COMMON TERN Sterna hirundo 
 Biogeographic population 


with connectivity to UK 
waters (adults and 
immatures) 


Numbers in UK waters in migration 
seasons (late July to early September, 
and April-May) (adults and immatures) 


Overseas 440,000 174,416 


UK 40,000 35,154 


Total 480,000 209,570 


 


 Total number of 
birds in BDMPS 
(adults plus 
immatures) 


Number from 
overseas 
populations 
(adults plus 
immatures) 


Number from UK 
population (adults 
plus immatures) 


Migration seasons 
BDMPS (late July to early 
September and April-May) 


   


UK North Sea and Channel 144,911 125,969 18,942 


UK Western waters 64,659 48,447 16,212 


 
Common tern numbers in most UK SPA colonies are monitored frequently. However, 
numbers in UK colonies that are not SPA populations are less well monitored, and do 
represent a substantial proportion of the UK total. Common tern migrations have not been 
studied by geolocator deployment, and ringing recoveries from the migration period in UK 
waters are very limited. So understanding of details of common tern movements is relatively 
poor, especially to the extent that birds from overseas populations are concerned. While ring 
recoveries show that many birds from overseas pass through UK waters, the proportions of 
those populations doing so are very uncertain since ring recovery data are subject to 
considerable potential bias. Furthermore, these overseas populations are large, and 
certainly represent a high proportion of the total of common terns in UK waters during the 
migration season. There is yet another complication, which is that common terns rather 
frequently will migrate overland, and there is known to be considerable movement from 
North Sea estuaries over to western waters in autumn, and overland from southern England 
in spring. Therefore, estimated numbers of birds in the BDMPS are classed as red for the 
total population and numbers from overseas, whereas numbers from the UK population are 
classed amber. 


Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 56 
and 57. 


18.1 Breeding range and taxa 
Common tern has a Holarctic breeding range, predominantly in temperate latitudes. There 
are four subspecies, but only nominate hirundo occurs in British waters. Subspecies hirundo 
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breeds in North America, northern South America, the Atlantic Islands, most of Europe, north 
and west Africa, and through the Middle East to central Russia. Despite this large range, 
there appears to have been no assessment of whether biometrics would allow origins of 
individuals to be identified (Ward 2000). However, timing of primary moult varies between 
populations and can help to infer origins of birds caught on autumn migration (Ward 2000).  


18.2 Non-breeding component of the population 
Common terns start to breed when 3 years old (BTO Birdfacts). Adult survival rate is 0.9 
(BTO Birdfacts), juvenile survival 0.47 up to 2 years old (BTO Birdfacts) and mean 
productivity is 0.721 chicks per pair (JNCC database, n=246 measurements). To obtain a 
stable population, survival of immatures was adjusted to 0.5 for juveniles, 0.7 for 1-year olds, 
and 0.8 for 2-year olds. The model population comprised 60% adults, 22% juveniles and 
18% older immatures. There are 0.67 immatures per adult. 


18.3 Phenology 
Breeding colonies in the UK are deserted by late August, with modal departure in early 
August (Pennington et al. 2004; Forrester et al. 2007). Autumn dispersal/migration starts in 
early July (Pennington et al. 2004), mid-July (Cramp et al. 1977-94) or July (Wernham et al. 
2002; Forrester et al. 2007). Peak autumn migration occurs in early August in Shetland 
(Pennington et al. 2004), in August (Forrester et al. 2007), August-September in UK waters 
in general (Wernham et al. 2002) and in Belgium (Vanermen et al. 2013). Peak migration 
through southern Europe and past west Africa continues through October (Cramp et al. 
1977-94). Peak numbers observed in autumn at Trektellen seawatching UK sites 
(predominantly in south and east England) occurred in August, with numbers declining 
rapidly in early September (Figure 18.1). Autumn migration is completed in Shetland by early 
September (Pennington et al. 2004), in UK waters by early October (Brown and Grice 2005; 
Forrester et al. 2007) or October (Wernham et al. 2002).  
 
Spring migration starts in mid-March in the wintering areas of the southern hemisphere 
(Cramp et al. 1977-94), but starts in UK waters in early April (Wernham et al. 2002) or mid- 
to late-April in Shetland and Scotland (Pennington et al. 2004; Forrester et al. 2007). Peak 
spring migration occurs in early to mid-April in English waters (Brown and Grice 2005), April 
(Cramp et al. 1977-94), in April-May in Belgium (Vanermen et al. 2013), in April-May in UK 
waters (Wernham et al. 2002) and in early May in Shetland (Pennington et al. 2004). 
Forrester et al. (2007) suggests peak spring migration occurs in June, which seems rather 
late. Peak numbers observed in spring at Trektellen seawatching UK sites (predominantly in 
south and east England) occurred in late April and early May (Figure 18.1). Spring migration 
is completed by late May (Pennington et al. 2004), early June (Cramp et al. 1977-94), June 
(Wernham et al. 2002) or late June (Forrester et al. 2007). It is interesting to note that 
numbers seen on spring migration are very much smaller than numbers seen on autumn 
migration (Figure 18.1). This pattern is typical of most seabird species but is very 
pronounced for common tern. The reasons for this are not understood but seem to be due to 
behaviour of birds rather than to differences in numbers present. The fact that spring 
migration occurs more rapidly than autumn migration may be a major factor; if birds spend 
ten times longer on autumn migration through UK waters than on spring migration through 
UK waters it would be reasonable to expect counts at Trektellen sites to be ten times higher 
in autumn than in spring even if numbers of birds involved were the same. Possibly the fact 
that autumn migration includes juvenile birds may also be a factor (since the inexperienced 
juveniles may be particularly evident passing coastal migration watch points in autumn as 
they might perhaps migrate closer to shore than most adults do).  
 
The first spring records of common tern in Shetland, Fair Isle, Orkney, and Argyll Bird 
Reports for 2007 to 2012 were from 10 April to 20 May, but mostly in late April, and the last 
records were from 24 August to 30 October, but mostly in late September. Peak autumn 
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migration was reported in July-August in most years, and peak spring migration was 
reported in May (and usually in early May) in most years. Birds re-occupy colonies from late 
April, with modal return in mid- to late-May (Pennington et al. 2004; Forrester et al. 2007). 
 


Figure 18.1. Average numbers of common terns counted per hour at migration sites in the 
UK (which are mostly in south or east England). Data from Trektellen database accessed 
from the internet in January 2014. 
 
Kober et al. (2010) defined breeding season as May-September, non-breeding season birds 
predominantly absent from UK waters. However, from the data reviewed above, a more 
appropriate definition would be breeding season May-August, non-breeding season 
September-April. 


18.4 Defined seasons: 
• UK Breeding season     May-August 
• Post-breeding migration in UK waters  late July-early September (migration 


BDMPS) 
• non-breeding season     September-April 
• Return migration through UK waters   April-May (migration BDMPS) 
• Migration-free breeding season  June-mid-July 
• Migration-free winter season   October-March 


Apart from the breeding season, one seasonal BDMPS period is considered to be 
appropriate for common tern: 


Migration periods BDMPS (late July-early September, and April-May). 


18.5 Movements of birds from the UK population 
Post-fledging dispersal from UK (and continental) colonies begins in July, but continues as 
late as October (Wernham et al. 2002). Post-fledging dispersal may be northwards rather 
than southwards, and may involve birds crossing the North Sea. For example, a fledgling 
ringed in Belgium was recovered in Durham together with fledglings from colonies in Norfolk 
in late August/early September (Wernham et al. 2002). As with many other tern species, 
fledglings tend to congregate in areas where feeding is easy (especially in estuaries and 
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large bays where there are presumably aggregations of sprats or sandeels), and may remain 
dependent on their parents for food for some time after fledging (Johnasson and Jakobsson 
1997; Newton 2010), although they become independent of parents more quickly than 
Sandwich tern fledglings (Meissner and Krupa 2007). Some birds travel quickly to Africa, 
arriving in west Africa by August, while others remain in UK waters into September. During 
September and October, a strong southward migration occurs out of UK waters and along 
the coast of SW Europe to west Africa, with juveniles often still being fed by their parents. 
Migration follows the coastline (Wernham 2002). British birds appear to move south 
somewhat earlier than those from Norway, with those from Baltic colonies later still (Ward 
2000).  


18.6 Movements of birds from overseas into UK waters 
Birds from many northern European countries pass through UK waters during post-fledging 
dispersal and autumn migration. Some birds move overland rather than following coasts, 
recognised routes being between the Firth of Forth and Clyde (Forrester et al. 2007) and 
between Teesmouth and Merseyside (Ward 2000). Ward (2000) reported peak numbers of 
common terns at Teesmouth in mid-August, with ringed fledglings from Lithuania (2), Finland 
(6), Sweden (2), Norway (9), and Netherlands (2) as well as 32 ringed as chicks at UK 
colonies. Based on moult scores, Ward (2000) inferred that a substantial minority of the adult 
common terns at Teesmouth in August were from the Baltic population, but the analysis was 
unable to estimate an accurate proportion because differences in timing of moult of UK and 
Baltic breeders are not well enough known. Wernham et al. (2002) report 101 ring recoveries 
to or from countries to the north and east, with 23 involving Belgium and the Netherlands, 14 
involving Germany, Poland and the Baltic States, and 64 involving Fennoscandia. In 
contrast, there is no evidence from ringing of any movement of common terns from southern 
or eastern populations through UK waters. Common terns from North America are extremely 
rare visitors to Europe, and there are no records of American common terns reaching UK 
(Wernham et al. 2002).  
 
Many adults return to breeding areas in the UK by April, and it is thought that spring 
migration is rapid and often occurs overland rather than tracking coasts (Wernham et al. 
2002) At Dungeness and Portland Bill, spring passage of common terns peaks in late April 
and early May, and since movement is primarily eastwards at those sites and occurs at a 
time when many UK birds are already back at their colonies, probably involves birds 
returning to colonies in Fennoscandia or the Baltic States rather than to UK colonies 
(Wernham et al. 2002). However, migration timing may alter with climate change and 
oceanographic system oscillations (Favero et al. 2006). Although most first year birds remain 
in the wintering areas during the summer, most two year olds return to colonies, though they 
arrive from late May to late June. Three year olds often recruit into their natal colony, but 
substantial numbers may recruit elsewhere, with occasional movements to colonies in 
another country. In contrast, breeding adults are highly philopatric, usually returning to the 
same nest site in successive years, although there are a few cases of breeding dispersal to 
colonies across the North Sea (Wernham et al. 2002).  
 
Based on data for Seabird 2000 (Mitchell et al. 2004), the UK breeding population (11,838 
pairs) is small compared to some of the populations that may at least in part migrate through 
UK waters which total about 140,000 pairs (Finland 50,000, Sweden 22,000, Netherlands 
19,000, Norway 15,000, Baltic States 12,750, Germany 9,000, Poland 6,000, Ireland 2,700, 
Belgium 2,250, Denmark 1,000). So it is likely that in August-October and in April-May, a 
substantial proportion of common terns in UK waters originate from these foreign 
populations. Meissner and Krupa (2007) reported that common terns caught in the southern 
Baltic during migration had longer wing lengths than birds from British breeding sites or birds 
caught in NE England on migration, indicating that different populations were involved in 
these two regions. 
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18.7 Numbers in UK waters 
Numbers of migrating terns are difficult to assess. Forrester et al. (2007) suggest that 
between 2,000 and 20,000 are in Scottish waters during migration periods. However, 
migration through English waters will almost certainly include all of the UK breeding 
population (24,000 adults) plus some of the associated immatures (perhaps 8,000). It is also 
certain that large numbers of birds from continental Europe pass through UK waters, 
involving many tens of thousands of birds. 


18.8 Biogeographic population and relevant smaller units (BDMPS) 
Stroud et al. (2001) defined the biogeographic breeding population as that of the European 
population, comprising 195,105 pairs. However, Mitchell et al. (2004) provided a revised 
estimate of this population as 220,000-340,000 pairs. Kober et al. (2010) did not present an 
estimated biogeographic population for this species. The biogeographic population with 
possible connectivity to UK waters (Figure 18) includes the 12,000 breeding pairs in the UK 
plus associated immatures (of the immature population of about 16,000 birds about half are 
likely to remain in the wintering area so will not pass through UK waters during migration 
periods). However, overseas populations with possible connectivity to UK waters sum to 
over 130,000 pairs plus associated immatures. This gives an estimated biogeographic 
population with connectivity to UK waters of 480,000 birds (adults and immatures), of which 
40,000 are from the UK and 440,000 from overseas populations. So birds in UK waters 
during migration may include very large numbers from overseas. Unfortunately it is very 
uncertain how many of those overseas birds move through UK waters. The best available 
data suggest that there bare about 209,000 common terns (adults and immatures) in UK 
waters during migration, with 35,000 of these being from the UK population and 174,000 
from overseas populations. Not all birds from the UK population are in UK waters during 
migration because many young immature birds remain in the winter quarters through their 
first summer.  
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Figure 18.2. Breeding population origins of common terns in UK waters during migrations 
and winter. Estimated numbers of breeding pairs in each population are given. Base map 
from OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors.  
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Figure 18.3. Main movements of common terns from UK breeding areas (red arrows) and 
from overseas populations (blue arrows) into UK waters during post-breeding 
dispersal/migration. Arrows imply general patterns of movement and should not be taken 
literally as indicating exact routes or exact starting and end points. Similarly, small numbers 
of birds occur in areas not marked by arrows and some birds may move in different 
directions from those broad patterns indicated. Movements probably tend to follow 
coastlines, but for this species arrows that cross land do imply overland migration routes. As 
far as is known, spring return migration represents a reversal of the pattern shown in this 
figure. 
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Figure 18.4. Trend in the common tern breeding population index in UK from 1986-2012. 
Data from JNCC seabird population monitoring database. 
 


 
Figure 18.5. Trend in the common tern breeding population index in Scotland from 1986-
2012. Data from JNCC seabird population monitoring database. 
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Figure 18.6. Trend in the common tern breeding population index in England from 1986-
2012. Data from JNCC seabird population monitoring database. 
 


 
Figure 18.7. Trend in the common tern breeding population index in Wales from 1986-2012. 
Data from JNCC seabird population monitoring database. 
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Figure 18.8. Trend in the common tern breeding population index in all-Ireland from 1986-
2012. Data from JNCC seabird population monitoring database. 


18.9 Proportion of UK population in UK breeding SPAs 
The 23 SPAs with breeding common terns as a feature together held 7,551 pairs at 
designation, estimated to represent ca. 48% of the British breeding population and 42% of 
the all-Ireland breeding population (Stroud et al. 2001, updated to add Imperial Dock Lock 
SPA). Stroud et al. (2014) estimated that the GB SPA suite for breeding common terns held 
43.8% of the GB population based on counts in 2007-2011.   
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Figure 18.9. UK SPA suite for breeding common terns. These SPA populations are listed in 
Table 18.1. 
 
Table 18.1. The UK SPA suite for breeding common terns. 
SPA Location Pairs Year 


desig-
nated 


Site 
Condition 
Monitoring* 


Recent 
counts 


Year Reference 


UK North Sea & Channel 


Cromarty Firth N 
Scotland 


294 
(1989-
1993) 


1999 Declined 
2000 


16 
82 
68 


2008 
2009 
2010 


Lewis et al. 
2012 
Lewis et al. 
2012 
Lewis et al. 
2012 


Inner Moray 
Firth 


N 
Scotland 


310 1999 No change 
2000 


0 
0 
0 
0 
0 
0 


2008 
2009 
2010 
2011 
2012 
2013 


Lewis et al. 
2012 
Lewis et al. 
2012 
Lewis et al. 
2012 
SMP database 
SMP database 
SMP database 
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Ythan 
Estuary, 
Sands of 
Forvie  


NE 
Scotland 


265 1998 No change 
2012 


19 
0 
6 
4 


2004 
2005 
2006 
2010 


Lewis et al. 
2012 
Lewis et al. 
2012 
Lewis et al. 
2012 
Lewis et al. 
2012 


Forth Islands E 
Scotland 


334 
(1997-
2001) 
Or 800 
(Stroud 
et al. 
2001) 


1990 
(and 
2004) 


Maintained 
2003 


191 
155 
197 
17 
26 


2006 
2007 
2008 
2010 
2011 


SMP database 
SMP database 
Lewis et al. 
2012 
Lewis et al. 
2012 
Stroud et al. 
2014 


Imperial Dock 
Lock 


E 
Scotland 


558 2004 Maintained 
2009 


989 
789 
732 
818 


2007 
2008 
2009 
2010 


SMP database 
Jennings 2012 
Jennings 2012 
Jennings 2012 


Farne Islands NE 
England 


230 
(1993-
1997) 


1985  118 
117 
104 
98 
112 
101 
88 
94 


2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Coquet Island NE 
England 


740 
(1993-
1997) 


1985
  


 1,226 
1,228 
1,022 
1,228 
1,358 
1,193 
1,158 
1,041 


2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


The Wash E 
England 


152 
(1993) 


1988  115 
169 
208 
221 


2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 


North Norfolk 
Coast 


E 
England 


>460 
(1996) 


1989  434 
437 
347 
270 
198 


2007 
2008 
2010 
2011 
2012 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Breydon 
Water 


 155 
(1992-
1996) 


1996  197 
181 
170 
173 
158 
93 
92 


2007 
2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Foulness S 
England 


220 
(1996) 


1996  121 
130 
72 
82 
25 


1998 
2000 
2002 
2004 
2008 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
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Dungeness to 
Pett Level 


S 
England 


266 
(1993-
1997) 


1999  170 
177 
149 
236 
343 
235 
149 
79 


2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Poole Harbour 
(Brownsea 
Island) 


S 
England 


155 
(1993-
1997) 


1999  248 
157 
180 
185 
191 
222 
171 
163 


2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Solent & 
Southampton 
Water  


S 
England 


267 
(1993-
1997) 


1998  375 
200 
285 
256 
371 
266 
280 


2002 
2003 
2004 
2005 
2006 
2007 
2007 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
Stroud et al. 
2014 


UK Western waters 


Glas Eileanan W 
Scotland 


530 1998 Maintained 
2005 


0 
515 
0 
303 
97 
22 


2006 
2007 
2008 
2009 
2011 
2012 


SMP database 
SMP database 
SMP database 
SMP database 
Lewis et al. 
2012 
SMP database 


Carlingford 
Lough 


N Ireland 339 
(1993-
1997) 


1998  282 
200 
11 
108 
69 
130 
119 


2007 
2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Larne Lough N Ireland 199 
(1993-
1997) 
Or 180  
(Stroud 
et al. 
2001) 


1997  530 
314 
387 
380 
317 
319 
231 


2007 
2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Lough Neagh 
and Lough 
Beg 


N Ireland 185 
(1995) 


1996  >54 
>62 
>73 
>78 


2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 


Strangford 
Lough 


N Ireland 603 
(1993-
1997) 


1998  762 
650 
1,174 
578 
726 
84 
352 


2007 
2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
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The Dee 
Estuary 


Engl-
Wales 


392 
(1995-
1999) 
Or 277 
(Stroud 
et al. 
2001) 


1985  136 
221 
196 
202 
200 
165 


2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Ribble and Alt 
Estuaries 


 182 
(1996) 


1995  100 
137 
106 
98 
111 
111 


1997 
1998 
1999 
2000 
2003 
2008 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Ynys Feurig, 
Cemlyn Bay  


Wales >189 
(1992-
1996) 


1992  180 
180 
167 
170 
196 
178 
592 


2005 
2006 
2007 
2008 
2009 
2011 
2011 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
Stroud et al. 
2014 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 


18.10 BDMPS 
UK waters can be divided into two spatial BDMPS (UK North Sea and Channel, and UK 
western waters) which are appropriate for the migration seasons of this species (late July to 
early September, and April-May). This division into two BDMPS is based on the tendency for 
birds from UK colonies to migrate south after breeding and north back to their colony 
predominantly through the North Sea if birds breed at colonies in UK North Sea waters, or 
through UK western waters if birds breed at colonies in UK western waters, and for birds 
from European continental countries to migrate predominantly through UK North Sea waters 
rather than UK western waters. However, the common tern shows a greater tendency to 
migrate overland than seen in most other seabird species, so that use of a single BDMPS for 
all UK waters would also be a reasonable approach for this species.  
 
Apportioning of numbers from SPA populations, non-SPA colonies and from overseas 
populations is presented in Appendix A Tables 56 and 57.  
 
Based on evidence reviewed in sections 18.5, 18.6 and 18.7, the UK North Sea and 
Channel migration seasons BDMPS is estimated to hold 70% of adults and 50% of 
immatures from UK North Sea colonies, 10% of adults and immatures from UK western 
waters colonies, 30% of birds from Norway, Finland, Sweden, Baltic States, 25% of birds 
from Germany and The Netherlands, 20% of birds from Ireland (Appendix A Table 56). 
These proportions give an estimated BDMPS of 144,911 birds, 18,942 from UK and 125,969 
from overseas.  
 
Based on evidence reviewed in sections 18.5, 18.6 and 18.7, the UK western waters 
migration seasons BDMPS is estimated to hold 30% of adults and 20% of immatures from 
UK North Sea colonies, 90% of adults and 60% of immatures from UK western waters 
colonies, 20% of birds from Norway, 10% of birds from Finland, Sweden, Baltic States and 
Germany, 5% of birds from The Netherlands, and 40% of birds from Ireland (Appendix A 
Table 57). These proportions give an estimated BDMPS of 64,659 birds, 16,212 from UK 
and 48,447 from overseas.  
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Figure 18.10. Two defined BDMPS spatial areas for common tern: ‘UK North sea waters and 
Channel’ and ‘UK Western waters’. 


18.11 Proportions of UK SPA birds in BDMPS 
UK SPAs for common tern are widely distributed across the breeding range of the species in 
the UK. SPA birds represent about 44% of the UK population, so the main factor determining 
the proportion of each BDMPS derived from UK SPAs will be the ratio of overseas to UK 
birds in each BDMPS during the migration season. These percentages depend very much 
on the estimate of proportions of overseas populations migrating through UK waters so are 
very tentative estimates, as numbers of birds from overseas populations migrating through 
UK waters are very uncertain, although clearly are large. Proportions of birds that are adults 
from UK SPA colonies can be estimated directly from the data in Appendix A Tables 56 and 
57. For example, in the UK western waters BDMPS (64,659 birds) there are estimated to be 
4,126 adults from SPA colonies, so these represent 6% of the total birds present. 


18.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
With large numbers of birds migrating through UK waters, and apparently many more 
overseas birds than UK birds in these migrations, the SPA birds are likely to be well mixed 
across each of the BDMPS areas. 
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19. ARCTIC TERN Sterna paradisaea  
 Biogeographic population with 


connectivity to UK waters 
(adults and immatures)  


Numbers in UK waters in migration 
seasons (July to early September, 
and late April to May) (adults and 
immatures) 


Overseas 470,000 99,780 


UK 158,000 135,548 


Total 628,000 235,328 


 


 Total number of 
birds in BDMPS 
(adults plus 
immatures) 


Number from 
overseas 
populations 
(adults plus 
immatures) 


Number from UK 
population (adults 
plus immatures) 


Migration seasons 
BDMPS (July to early 
September, and late April 
to May) 


   


UK North Sea and Channel 163,930 82,084 81,846 


UK Western waters 71,398 17,696 53,702 


 
Arctic tern numbers in most UK SPA colonies are monitored frequently. However, numbers 
in UK colonies that are not SPA populations are less well monitored, and do represent a 
substantial proportion of the UK total. Arctic tern breeding numbers in SPA populations in the 
UK have declined very considerably, especially in Shetland and most of Orkney. How much 
numbers in UK non-SPA colonies have declined is far less clear, but numbers may be 
smaller than in the summary table above if non-SPA colonies have also declined as much as 
SPA colonies. Arctic tern migrations have not been studied by geolocator deployment except 
in Iceland (a population that does not pass through UK waters), and ringing recoveries from 
the migration period in UK waters are very limited. So understanding of details of Arctic tern 
movements is relatively poor, especially to the extent that birds from overseas populations 
are concerned. While ring recoveries show that many birds from overseas pass through UK 
waters, the proportions of those populations doing so are very uncertain since ring recovery 
data are subject to considerable potential bias. Furthermore, these overseas populations are 
large, and probably represent a moderate to high proportion of the total of Arctic terns in UK 
waters during the migration season. Therefore, estimated numbers of birds in the BDMPS 
are classed as red for the total population and numbers from overseas, and for numbers 
from the UK population given the uncertainty about breeding numbers in non-SPA colonies 
at present. 


Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 58 
and 59. 
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19.1 Breeding range and taxa 
Arctic tern is monotypic, with a Holarctic breeding distribution, predominantly in Arctic and 
sub-Arctic regions. There appears to have been no assessment of whether biometrics would 
allow origins of individuals to be identified, but this seems unlikely as there seems to be no 
evidence of clinal variation, and birds are known to sometimes recruit to breed in locations 
far from their natal area.  


19.2 Non-breeding component of the population 
Arctic terns start to breed when 4 years old (BTO Birdfacts). Adult survival rate is 0.9 (BTO 
Birdfacts), juvenile survival unknown (BTO Birdfacts) and mean productivity is 0.402 chicks 
per pair (JNCC database, n=227 measurements). To obtain a stable population, survival of 
immatures was adjusted to 0.72 for juveniles, 0.85 for 1-year olds, and 0.9 for 2-year olds 
and 3-year olds. The model population comprised 63% adults, 13% juveniles and 24% older 
immatures. There are 0.58 immatures per adult. 


19.3 Phenology 
Breeding colonies in the UK are deserted by mid-August, with modal departure in late July or 
early August (Pennington et al. 2004; Forrester et al. 2007). Autumn dispersal/migration 
starts in early July (Pennington et al. 2004; Forrester et al. 2007) or late July (Cramp et al. 
1977-94). Peak autumn migration occurs in late July in Shetland (Pennington et al. 2004) 
and Scotland (Forrester et al. 2007), but continues from August to October when considering 
the entire migration to Antarctic waters (Cramp et al. 1977-94). Peak numbers observed in 
autumn at Trektellen seawatching UK sites (predominantly in south and east England) 
occurred in late July and early August (Figure 19.1). Autumn migration is completed in 
Shetland by late August (Pennington et al. 2004) and in Scotland and England by 
September (Brown and Grice 2005; Forrester et al. 2007), but in the southern hemisphere 
may continue until mid-November (Cramp et al. 1977-94). 
 
Spring migration starts in the southern hemisphere in early March (Cramp et al. 1977-94), 
and the first migrants appear in UK waters in March (Wernham et al. 2002), but in Scottish 
waters and Shetland not until late April (Pennington et al. 2004; Forrester et al. 2007). Peak 
spring migration occurs in mid-May in UK waters (Pennington et al. 2004; Brown and Grice 
2005; Forrester et al. 2007). Peak numbers observed in spring at Trektellen seawatching UK 
sites (predominantly in south and east England) occurred in early May (Figure 19.1). Spring 
migration is completed by late May (Pennington et al. 2004), early June (Cramp et al. 1977-
94), or June (Forrester et al. 2007).  
 
The first spring records of Arctic tern in Shetland, Fair Isle, Orkney, and Argyll Bird Reports 
for 2007 to 2012 were from 6 April to 9 May but mostly in late April, and the last records 
were from 9 September to 21 November, but mostly in late October. Peak autumn migration 
was reported in July or July-August in most years, and peak spring migration was reported in 
May in almost all years. Birds re-occupy colonies from late April, with modal return in mid-
May (Pennington et al. 2004; Forrester et al. 2007). 
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Figure 19.1. Average numbers of Arctic terns counted per hour at migration sites in the UK 
(which are mostly in south or east England). Data from Trektellen database accessed from 
the internet in January 2014. 
 
Kober et al. (2010) defined breeding season as May-August, non-breeding season birds 
predominantly absent from UK waters. However, from the data reviewed above, this may be 
refined to breeding season May-early August, non-breeding season mid-August-April. 


19.4 Defined seasons: 
• UK Breeding season     May-early August 
• Post-breeding migration in UK waters  July-early September (migration 


BDMPS) 
• non-breeding season     mid August-April 
• Return migration through UK waters  late  April-May (migration BDMPS) 
• Migration-free breeding season  June 
• Migration-free winter season   October-March 


Apart from the breeding season, one seasonal BDMPS period is considered to be 
appropriate for Arctic tern: 


Migration periods BDMPS (July-early September, and late April-May). 


19.5 Movements of birds from the UK population 
Although Post-breeding dispersal occurs from colonies in July (with some UK fledglings 
moving as far as the Baltic Sea), followed by southwards migration in August-September 
Wernham et al. 2002; Pennington et al. 2004; Forrester et al. 2007). Several Scandinavian 
and Baltic fledglings have also been recovered in the UK as early as August, indicating rapid 
dispersal of some young birds into UK waters. As with other terns, post-fledging dispersal 
takes birds to areas with high density of prey fish where juveniles have a good chance of 
learning fishing skills, surviving and putting on weight before the southwards migration. In 
contrast to many other terns, Arctic terns seem less likely to remain in family groups and 
chicks seem to become independent rather quickly. Arctic terns are thought to migrate 
somewhat further offshore than other British tern species, past west Africa to southern Africa 
then onwards to the edge of Antarctic pack ice (Wernham et al. 2002). Movements of first 
summer and second summer birds are not well documented, but it appears that most first 
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and second summer birds remain in the southern hemisphere all year, with very few of these 
birds in immature plumage returning to UK waters in summer (Wernham et al. 2002). Some 
three year olds breed, while others visit breeding areas to loaf at ‘club’ sites on the periphery 
of the colony. Most four year olds breed, but it is likely that many recruit into colonies away 
from where they were reared, while there is also some evidence for adults moving colony 
between years (Wernham et al. 2002).  


19.6 Movements of birds from overseas into UK waters 
Foreign-ringed birds recovered in UK waters, or on shore, mainly originate from Scandinavia 
and the Baltic (Wernham et al. 2002). Post-breeding dispersal/migration can be very rapid 
and can bring birds from overseas populations into close contact with local breeding 
populations in late summer. For example, a bird ringed as a chick in the Baltic States in early 
July was killed by a great skua hunting for terns roosting adjacent to the Arctic tern colony at 
Foula in mid-July, just a few days after it had fledged; without the ring this bird would have 
been assumed to be a local fledgling from the Foula colony. Although there is one recovery 
in the UK of a chick ringed in Greenland, no birds ringed in Iceland have been found in the 
UK according to Wernham et al. (2002). However, three out of over 12,000 ringed in Faroe 
(88% as chicks) were recovered during autumn migration in the British Isles (Hammer et al. 
2013). Seabird 2000 reported 53,380 pairs in UK, 2,730 in Ireland, 131,000 pairs in 
Fennoscandia, 8,000 pairs in the Baltic States, 375,000 pairs in Iceland (Mitchell et al. 
2004), and Hammer et al. (2013) report 7,600 pairs in Faroe. Given the evidence for 
extensive post-breeding dispersal of birds from Fennoscandia and the Baltic into UK waters, 
and the large populations in those areas, it seems likely that a substantial proportion of 
Arctic terns in UK waters in August-September will be from those regions. Recent breeding 
failures of Arctic terns in Iceland, and circumstantial observational evidence at colonies, 
suggest that numbers there may well have declined considerably (Vigfusdottir et al. 2013). 
Given the very large size of the Icelandic population, those birds might be expected to form a 
substantial part of the total in UK waters in August-September. However, deployment of 
geolocators on ten Arctic terns in Greenland and one in Iceland showed that all eleven birds 
moved directly south from Iceland to the Newfoundland Basin, where they spent some time 
before migrating to the South Atlantic (Egevang et al. 2010). All birds showed essentially the 
same route, with none coming near to UK waters. Return migration in spring was even 
further to the west, passing close to Newfoundland before completing the journey to Iceland 
and Greenland. This study suggests that very few Arctic terns from Iceland and Greenland 
ever visit UK waters, consistent with the lack of recoveries of Arctic terns ringing in Iceland in 
the British Isles. Spring migration through UK waters (some of which can occur overland; 
Wernham et al. 2002) may also involve large numbers from colonies in Fennoscandia and 
the Baltic, but the spring migration produces few ring recoveries so this is uncertain.    


19.7 Numbers in UK waters 
Terns are very difficult to census during migrations. However, Forrester et al. (2007) suggest 
that there are 10,000 to 200,000 on passage through Scottish waters in autumn and spring. 
No equivalent estimates for other parts of UK waters appear to be published. Clearly all UK 
breeders, and probably about half of the immatures associated with these pass through UK 
waters during the migration seasons, but so do large numbers of birds from overseas. 
Numbers from those populations passing through are very uncertain.  


19.8 Biogeographic population and relevant smaller units (BDMPS) 
Stroud et al. (2001) defined the biogeographic breeding population as that of the European 
and North Atlantic population, comprising 900,000 pairs. However, Mitchell et al. (2004) 
provided a revised estimate of this population as 493,000-1,800,000 pairs. Kober et al. 
(2010) did not present an estimated biogeographic population for this species. Populations 
with possible connectivity to UK waters are the UK population (50,000 pairs), and the 
populations of Fennoscandia (131,000 pairs), Faroe (7,600 pairs), Baltic states (8,000 pairs) 
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and Ireland (2,500 pairs) (Figure 19.2). So overseas populations are large relative to the UK 
population, but the proportion of these overseas birds that pass through UK waters is very 
uncertain. The biogeographic population with connectivity to UK waters is estimated at 
628,000 birds (adults and immatures) with 158,000 from UK and 470,000 from overseas 
populations. Allowing for the likely proportions of each population that pass through UK 
waters on migration, the total numbers in UK waters during the migration seasons is 
estimated at 236,000 birds (adults and immatures) with 136,000 of these from the UK 
population and 100,000 from overseas. 
 


 
Figure 19.2. Breeding population origins of Arctic terns in UK waters during migrations and 
winter. Estimated numbers of breeding pairs in each population are given. Base map from 
OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors. 
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Figure 19.3. Main movements of Arctic terns from UK breeding areas (red arrows) and from 
overseas populations (blue arrows) into UK waters during post-breeding dispersal/migration. 
Arrows imply general patterns of movement and should not be taken literally as indicating 
exact routes or exact starting and end points. Similarly, small numbers of birds occur in 
areas not marked by arrows and some birds may move in different directions from those 
broad patterns indicated. Movements probably tend to follow coastlines and arrows that 
cross land do not imply specific overland migration routes, although this species may 
sometimes migrate over land. As far as is known, spring return migration represents a 
reversal of the pattern shown in this figure. 
 
 


  216 | P a g e  
 







 


 


 
Figure 19.4. Trend in the Arctic tern breeding population index in UK from 1986-2012. Data 
from JNCC seabird population monitoring database. 
 


 
Figure 19.5. Trend in the Arctic tern breeding population index in Scotland from 1986-2012. 
Data from JNCC seabird population monitoring database. 
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Figure 19.6. Trend in the Arctic tern breeding population index in England from 1986-2012. 
Data from JNCC seabird population monitoring database. 


19.9 Proportion of UK population from UK breeding SPAs 
The 17 SPAs with breeding Arctic terns as a feature together held 17,124 pairs at 
designation, estimated to represent ca. 38% of the British breeding population and 17% of 
the all-Ireland breeding population (Stroud et al. 2001). Stroud et al. (2014) suggest on the 
basis of census data at these sites in 2000-2011 that 20.6% of the GB breeding population 
is on UK SPAs for breeding Arctic terns. This decrease is consistent with a density-
dependent effect of food shortage, reducing breeding numbers proportionately more at 
larger colonies, which is very likely to occur and has been shown in several other seabird 
species although not specifically for Arctic tern. 
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Figure 19.7. The UK SPA suite for breeding Arctic terns. These SPA populations are listed in 
Table 19.1. 
 
Table 19.1. The UK SPA suite for breeding Arctic terns. 
SPA Location Pairs Year 


desig-
nated 


Site 
Condition 
Monitoring* 


Recent 
count 


Year Reference 


UK North Sea & Channel 


Fetlar Shetland 520 
(1994-
1997) 


1994 Recovering 
2002 


486 
213 
16 
14 
2 
0 
21 


2006 
2007 
2008 
2009 
2010 
2011 
2012 


SMP database 
SMP database 
Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 
SMP database 
SMP database 


Foula Shetland 1,100 
(1992-
1997) 


1995 Maintained 
2000 


0 
70 
35 
100 
20 


2006 
2007 
2011 
2012 
2013 


Lewis et al. 2012 
SMP database 
SMP database 
Gear 2012 
Gear 2013 


Papa Stour Shetland 1,000 2000 Declined 
2008 


1,172 2000 Stroud et al. 
2014 
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Mousa Shetland 767 


(1994) 
1995 No change 


2000 
143 
 
751 
400 
925 
42 
0 
41 
18 


2001
-06 
2007 
2008 
2009 
2010 
2011 
2012 
2013 


Lewis et al. 2012 
 
Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 
SMP database 
SMP database 
SMP database 


Sumburgh 
Head 


Shetland 700 
(1994) 


1996 Declined 
2001 


ca40 
ca150 
203 


1999 
2000 
2000 


SCM database 
SCM database 
Stroud et al. 
2014 


Fair Isle Shetland 1,120 
(1993-
1997) 


1994 Declined 
2009 


818 
208 
0 
283 
400 
9 
227 
29 


2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
FIBO Report 
SMP database 


West Westray Orkney 1,200 1996 Declined 
2007 


1,067 
ca500 


2000 
2009 


Stroud et al. 
2014 
SCM database 


Papa Westray Orkney 1,950 1996 Declined 
2006 


813 
556 
393 
176 


2005 
2006 
2010 
2011 


Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 
Stroud et al. 
2014 


Rousay Orkney 1,000 2000 Declined 
2007 


707 
ca60 


2000 
2006 


Stroud et al. 
2014 
SCM database 


Auskerry Orkney 780 
(1995) 


1998 Maintained 
2007 


0 
550 
667 
0 
750 


2005 
2006 
2007 
2011 
2013 


SMP database 
SMP database 
SMP database 
Lewis et al. 2012 
SMP database 


Pentland Firth 
Islands 


N 
Scotland 


1,200 
(1992-
1995) 


1997 Declined 
2007 


327 
1,400 
0 
669 


2004 
2005 
2007 
2009 


Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 
Stroud et al. 
2014 


Forth Islands E 
Scotland 


540 
(1992-
1996) 


1990 Declined 
2009 


515 
525 
511 
316 
34 
250 
265 


2006 
2007 
2008 
2009 
2010 
2011 
2012 


SMP database 
SMP database 
SMP database 
Lewis et al. 2012 
Lewis et al. 2012 
Lewis et al. 2012 
SMP database 


Farne Islands NE 
England 


2,840 
(1993-
1997) 


1985  2,256 
2,239 
2,198 
2,199 
1,830 
1,866 
1,921 


2007 
2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


  220 | P a g e  
 







 


 
Coquet Island NE 


England 
700 
(1993-
1997) 


1985  1,247 
983 
1,259 
1,046 
1,140 
1,275 
1,224 


2007 
2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


UK Western waters 


Outer Ards N Ireland 207 
(not 
stated) 


2002  182 
215 
191 
174 
108 
60 


2008 
2009 
2010 
2011 
2012 
2013 


SCM database 
SCM database 
SCM database 
SCM database 
SCM database 
SCM database 


Strangford 
Lough 


N Ireland 210 
(1993-
1997) 


1998  891 
559 
316 
645 
373 
229 
55 
164 


2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 


SCM database 
SCM database 
SCM database 
SCM database 
SCM database 
SCM database 
SCM database 
SCM database 


Ynys Feurig, 
Cemlyn Bay 


Wales 1,290 
(1992-
1996) 


1992  540 
493 
416 
531 
550 
3,620 


2006 
2007 
2008 
2009 
2011 
2011 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
Stroud et al. 
2014 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 


19.10 BDMPS 
The UK waters can be divided into two spatial BDMPS; UK North Sea and Channel waters, 
and UK western waters (Figure 19.8), which are appropriate for the migration seasons of this 
species (July to early September, and late-April to May). This division into two BDMPS is 
based on the tendency for birds from UK colonies to migrate south after breeding and north 
back to their colony predominantly through the North Sea if birds breed at colonies in UK 
North Sea waters, or through UK western waters if birds breed at colonies in UK western 
waters, and for birds from European continental countries to migrate predominantly through 
UK North Sea waters rather than UK western waters.  
 
Apportioning of numbers from SPA populations, non-SPA colonies and from overseas 
populations is presented in Appendix A Tables 58 and 59.  
 
Based on evidence reviewed in sections 19.5, 19.6 and 19.7, the UK North Sea and 
Channel migration seasons BDMPS is estimated to hold 90% of adult and 60% of immature 
Arctic terns from Orkney and Shetland colonies, 100% of adults and 70% of immatures from 
colonies along the mainland east coast of Scotland and England, none from colonies in UK 
western waters, 20% of adults and 15% of immatures from Fennoscandia and Faroe, 10% of 
birds from the Baltic States, but none from Ireland (Appendix A Table 58). These proportions 
lead to an estimated BDMPS of 163,930 birds, 81,846 from the UK and 82,084 from 
overseas populations. 
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Based on evidence reviewed in sections 19.5, 19.6 and 19.7, the UK western waters 
migration seasons BDMPS is estimated to hold 10% of adult and 10% of immature Arctic 
terns from Orkney and Shetland colonies, no adults but 10% of immatures from colonies 
along the mainland east coast of Scotland and England, 100% of adults and 70% of 
immatures from colonies in UK western waters, 3% of adults and immatures from 
Fennoscandia, 10% of adults and immatures from Faroe, 2% of birds from the Baltic States, 
and 30% of birds from Ireland (Appendix A Table 59). These proportions lead to an 
estimated BDMPS of 71,398 birds, 53,702 from the UK and 17,696 from overseas 
populations. 
 


 
Figure 19.8. Two defined BDMPS spatial areas for Arctic tern: ‘UK North Sea waters and 
Channel’and ‘UK Western waters’. 


19.11 Proportions of UK SPA birds in BDMPS 
UK SPAs for Arctic tern are strongly concentrated in Shetland and Orkney, but with little 
representation in the west of Scotland. Numbers breeding in Shetland and Orkney have 
declined very considerably since the 1980s, at least in part as a result of declines in 
sandeels in the NW North Sea. SPA birds probably represent about 20% of the UK 
population now (section 19.9), so the main factor determining the proportion of each BDMPS 
derived from UK SPAs will be the ratio of overseas to UK birds in each of the two BDMPS 
during the migration season. These percentages depend very much on the estimate of 
proportions of overseas populations migrating through UK waters so are very tentative 
estimates, as numbers of birds from overseas populations migrating through UK waters are 
very uncertain. Proportions of birds that are adults from UK SPA colonies can be estimated 
directly from the data in Appendix A Tables 58 and 59. For example, in the UK western 
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waters BDMPS (71,398 birds) there are estimated to be 2,138 adults from SPA colonies, so 
these represent 3% of the total birds present. 


19.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
Since birds can disperse quickly from colonies, but may stop to feed at locations where there 
are suitable food stocks, UK SPA birds are likely to be well mixed among non-SPA 
populations and overseas populations also passing through and responding to the same 
opportunities. 
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20. LITTLE TERN Sternula albifrons  
 Biogeographic population 


with connectivity to UK 
waters (adults and immatures) 


Numbers in UK waters in 
migration seasons (late July to 
early September, and mid-April to 
May) (adults and immatures) 


Overseas 620 514 


UK 5,620 4,612 


Total 6,240 5,126 


 


 Total number of 
birds in BDMPS 
(adults plus 
immatures) 


Number from 
overseas 
populations 
(adults plus 
immatures) 


Number from UK 
population (adults 
plus immatures) 


Migration seasons 
BDMPS (late July to early 
September, and mid-April 
to May) 


   


UK North Sea and 
Channel 


3,524 0 3,524 


UK Western waters 1,602 514 1,088 


 
Little tern breeding numbers are well monitored at most SPA colonies, and the SPA colonies 
hold a fairly high proportion of the total UK population of this species. The only overseas 
population of little terns to migrate through UK waters is the Irish population, and it seems 
almost certain that almost all adult little terns from the well-studied population in Ireland pass 
through UK waters in SW Approaches during migration. Therefore, all categories are coded 
green. 


Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 60 
and 61. 


20.1 Breeding range and taxa 
Little tern has a wide breeding range that includes the Palearctic, Afrotropic and Australasian 
regions. There are six subspecies, but only the nominate S. a. albifrons occurs in British 
waters. That subspecies breeds across most of Europe (but not in northern areas and with 
largest numbers mainly in southern countries) to central Asia and northern India, and in 
North Africa. There appears to have been no assessment of whether biometrics would allow 
origins of individuals to be identified.  
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20.2 Non-breeding component of the population 
Little terns start to breed when 3 years old (BTO Birdfacts). Adult survival rate is 0.899 (BTO 
Birdfacts), juvenile survival 0.578 (BTO Birdfacts) and mean productivity is 0.521 chicks per 
pair (JNCC database, n=362 measurements). To obtain a stable population, survival of 
immatures was adjusted to 0.65 for juveniles, 0.75 for 1-year olds, and 0.8 for 2-year olds. 
The model population comprised 64% adults, 17% juveniles and 19% older immatures.  
There are 0.56 immatures per adult. 


20.3 Phenology 
Breeding colonies in the UK are deserted by August, with modal departure in late July 
(Forrester et al. 2007). Autumn migration starts in mid-July (Cramp et al. 1977-94) or late 
July (Forrester et al. 2007). Peak autumn migration occurs in August (Wernham et al. 2002), 
August-September (Forrester et al. 2007), or August-October considering the entire range in 
Europe (Cramp et al. 1977-94). Peak numbers observed in autumn at Trektellen 
seawatching UK sites (predominantly in south and east England) occurred in late July with 
quite rapid decrease in numbers through August (Figure 20.1). Autumn migration is 
completed by September (Wernham et al. 2002), early October in Scotland (Forrester et al. 
2007), mid-October in England (Brown and Grice 2005).  
 
Spring migration starts in March in southern Europe (Cramp et al. 1977-94), but first 
migrants arrive in UK waters in April (Wernham et al. 2002) and in mid-April in Scottish 
waters (Forrester et al. 2007). Peak spring migration occurs in mid-April to mid-May in 
English waters (Brown and Grice 2005), late April in Scotland (Forrester et al. 2007) or April-
May (Cramp et al. 1977-94; Wernham et al. 2002). Peak numbers observed in spring at 
Trektellen seawatching UK sites (predominantly in south and east England) occurred in very 
late April and early May (Figure 20.1). Spring migration is completed by May (Forrester et al. 
2007) or late May (Cramp et al. 1977-94).  
 
The first spring records of little tern in Shetland, Fair Isle, Orkney, and Argyll Bird Reports for 
2007 to 2012 were from 9 April to 12 May, but mostly in mid- to late-April, and the last 
records were from 21 July to 29 September, but mostly in early August. Peak autumn 
migration was reported in July in most years, and peak spring migration was reported in late 
April or in May in most years. Birds re-occupy colonies from mid-April, with modal return in 
late April (Forrester et al. 2007).  


  225 | P a g e  
 







 


 


Figure 20.1. Average numbers of little terns counted per hour at migration sites in the UK 
(which are mostly in south or east England). Data from Trektellen database accessed from 
the internet in January 2014. 
 
Kober et al. (2010) defined breeding season as May-August, non-breeding season birds 
predominantly absent from UK waters. However, from the data reviewed above, this may be 
refined to breeding season May-early August, non-breeding season mid August-April. 


20.4 Defined seasons: 
• UK Breeding season     May-early August 
• Post-breeding migration in UK waters  late July-early September (migration 


BDMPS) 
• non-breeding season     mid August-April 
• Return migration through UK waters   mid April-May (migration BDMPS) 
• Migration-free breeding season  June 
• Migration-free winter season   October-March 


Apart from the breeding season, one seasonal BDMPS period is considered to be 
appropriate for little tern: 


Migration periods BDMPS (late July-early September, and mid April-May). 


20.5 Movements of birds from the UK population 
Birds depart rather rapidly after the breeding season, with ring recoveries from southern 
Europe as early as August, one within 6 days of ringing at a colony in England (Wernham et 
al. 2002). Large flocks of little terns in The Netherlands in August suggest that is a staging 
area used by birds from a wide geographical area during autumn migration (Wernham et al. 
2002). Several ring recoveries of birds from Scottish colonies have been in Denmark, 
whereas most English birds have been recovered in The Netherlands, suggesting that 
Scottish birds cross the North Sea eastwards from Scotland rather than flying southwards 
(Wernham et al. 2002). Little terns do not breed until they are at least two years old, and it 
has been assumed that they spend their first year in African winter quarters, but there is no 
ringing evidence to support this (Wernham et al. 2002).  
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20.6 Movements of birds from overseas into UK waters 
Wernham et al. (2002) point out that we know little about whether there is passage through 
UK waters of birds breeding elsewhere. Presumably at least the Irish population (210 pairs in 
Seabird 2000; Mitchell et al. 2004) must pass through UK waters on migration between 
Ireland and Africa, but while there are quite large numbers in Fennoscandia (1,019 pairs), 
the Baltic States (550 pairs), Germany (870 pairs), The Netherlands (500 pairs) and Belgium 
(224 pairs) (Mitchell et al. 2004) there is no evidence that any of these birds cross the North 
Sea into UK waters, while ring recovery data suggest that they do not, but that tose 
populations migrate through continental Europe.  


20.7 Numbers in UK waters 
Direct observation gives no indication of numbers passing through UK waters, as little terns 
seem rarely to be observed except in the immediate vicinity of colonies (see for example 
how few are recorded in the Trektellen data set for UK waters, Figure 20.1). Forrester et al. 
(2007) refrain from suggesting how many pass through Scottish waters, but comment ‘little 
tern is rare outside its breeding range’. Nevertheless, it is clear that UK and Irish little terns 
must migrate through UK waters, while it seems that no birds from other populations do so. 
Therefore, numbers can be estimated from population sizes, which are fairly accurately 
known.  


20.8 Biogeographic population and relevant smaller units (BDMPS) 
Stroud et al. (2001) defined the biogeographic breeding population as that of the European 
population, comprising 20,643 pairs. However, Mitchell et al. (2004) provided a revised 
estimate of this population as 17,000-22,000 pairs. Kober et al. (2010) did not present an 
estimated biogeographic population for this species. In terms of populations with connectivity 
to UK waters it would appear that only the UK population (1,800 pairs) and Irish population 
(200 pairs) are likely to migrate through UK waters (Figure 20.2). These 3,600 UK adults will 
have an associated 2,000 or so immatures, but perhaps half of these may not migrate into 
UK waters as young immatures, so the UK population in UK waters during the migration 
seasons may be around 4,600 birds (slightly more in autumn and fewer in spring). The 200 
pairs from Ireland will similarly have associated immatures, giving a total population that may 
migrate through UK waters of about 500 birds. Thus the biogeographic population with 
connectivity to UK waters is estimated at 6,240 birds (adults and immatures), with 5,620 
from UK and 620 from overseas. Of these, it is estimated that 5,120 birds migrate through 
UK waters, with 4,610 being from the UK population and 510 from overseas. The number 
from the UK population migrating through UK waters is less than the number contributing to 
the biogeographic population because it is believed that many first summer birds remain in 
their winter area rather than returning to the UK. 
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Figure 20.2. Breeding population origins of little terns in UK waters during migrations and 
winter. Estimated numbers of breeding pairs in each population are given. Base map from 
OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors.  
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Figure 20.3. Main movements of little terns from UK breeding areas (red arrows) and from 
overseas populations (blue arrows) into UK waters during post-breeding dispersal/migration. 
Arrows imply general patterns of movement and should not be taken literally as indicating 
exact routes or exact starting and end points. Similarly, small numbers of birds occur in 
areas not marked by arrows and some birds may move in different directions from those 
broad patterns indicated. Movements probably tend to follow coastlines and arrows that 
cross land do not imply overland migration routes. As far as is known, spring return migration 
represents a reversal of the pattern shown in this figure. 
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Figure 20.4. Trend in the little tern breeding population index in UK (which come almost 
entirely from colonies in England) from 1986-2012. Data from JNCC seabird population 
monitoring database. 


20.9 Proportion of UK population in UK breeding SPAs 
The 27 SPAs with breeding little terns as a feature together held 1,616 pairs at designation, 
estimated to represent ca. 67% of the British breeding population (Stroud et al. 2001). 
Stroud et al. (2014) suggest on the basis of census data for these populations from 2000-
2011 (but mostly from 2011) that the GB SPA suite for breeding little terns held 61% of the 
GB population in that period. Numbers of little terns in the UK appear to have declined only 
slightly in recent years (Figure 20.4), but the decrease in proportion on SPAs suggests 
losses from some SPA populations have been greater than in the overall population. 
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Figure 20.5. UK SPA suite for breeding little terns. These SPA populations are listed in Table 
20.1. 
 
Table 20.1. The UK SPA suite for breeding little terns. 
SPA Location Pairs Year 


desig-
nated 


Site 
Condition 
Monitoring* 


Recent 
count 


Year Reference 


UK North Sea & Channel 


Ythan 
Estuary, 
Sands of 
Forvie  


NE 
Scotland 


41 1998 Maintained 
2012 


21 
36 
37 
31 
27 
40 


2008 
2009 
2010 
2011 
2012 
2013 


Lewis et al. 
2012 
Lewis et al. 
2012 
Lewis et al. 
2012 
Lewis et al. 
2012 
SCM database 
SCM database 


Firth of Tay 
and Eden 
Estuary 


E 
Scotland 


44 2000 No change 
2001 


1 
1 


2005 
2007 


Lewis et al. 
2012 
Lewis et al. 
2012 
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Lindisfarne NE 


England 
15 
(1992-
1996) 
Or 38 
(Stroud et 
al. 2001) 


1992  8 2011 Stroud et al. 
2014 


Northumbria 
Coast 


NE 
England 


40 
(1992-
1996) 


2000  38 2011 Stroud et al. 
2014 


Teesmouth & 
Cleveland 
Estuary 


NE 
England 


40 
(1995-
1998) 
Or 37 
(Stroud et 
al. 2001) 


1995  84 2011 Stroud et al. 
2014 


Gibraltar 
point 


Lincs 23 
(1992-
1996) 


1993  12 2011 Stroud et al. 
2014 


Humber 
Flats, 
Marshes & 
Coast 


E 
England 


51 
(1998-
2002) 
Or 63 
(Stroud et 
al. 2001) 


2007  29 2011 Stroud et al. 
2014 


The Wash E 
England 


>33 
(1992-
1996) 


1988  0 2009
-
2010 


Stroud et al. 
2014 


North Norfolk 
Coast 


E 
England 


>330 
(1992-
1996) 
Or 377 
(Stroud et 
al. 2001) 


1989  409 2011 Stroud et al. 
2014 


Alde-Ore 
Estuary 


E 
England 


48 
(1993-
1997) 


1996  0 
 


2009 Stroud et al. 
2014 


Minsmere-
Walberswick 


E 
England 


28 
(1992-
1996) 


1992  30 2010 Stroud et al. 
2014 


Great 
Yarmouth 
North Denes 


E 
England 


220 
(1992-
1996) 


1993  5 2011 Stroud et al. 
2014 


Foulness Essex >24 
(1992-
1996) 


1996  0 2005 Stroud et al. 
2014 


Dungeness 
to Pett Level 


SE 
England 


35 
(1993-
1997) 


1999  10 
14 
11 


2011 
2012 
2013 


SMP database 
SMP database 
SMP database 


Medway 
Estuary and 
Marshes 


Kent 28 1995  18 2009 Stroud et al. 
2014 


Benacre to 
Easton 
Bavents 


E 
England 


21 
(1992-
1996) 
Or 53 
(Stroud et 
al. 2001) 


1996  45 2011 Stroud et al. 
2014 
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Blackwater 
Estuary 


Essex >21 
(1992-
1996) 
Or 36 
(Stroud et 
al. 2001) 


1995  99 2000 Stroud et al. 
2014 


Colne 
Estuary 


Essex >38 
(1992-
1996) 


1994  0 2011 Stroud et al. 
2014 


Hamford 
Water 


Essex 55 
(1992-
1995) 


1993  45 2011 Stroud et al. 
2014 


Chesil Beach 
and The 
Fleet 


S 
England 


55 1985  19 2011 Stroud et al. 
2014 


Chichester & 
Langstone 
Harb 


S 
England 


100 
(1992-
1996) 


1987  60 2011 Stroud et al. 
2014 


Pagham 
Harbour 


Sussex 7 
(1992-
1996) 
Or 12 
(Stroud et 
al. 2001) 


1988  6 2011 Stroud et al. 
2014 


Solent & 
Southampton 
Water 


S 
England 


49 
(1993-
1997) 


1998  0 2007 Stroud et al. 
2014 


UK Western waters 


Monach Isles Western 
Isles 


26 
(1992) 


1994 Declined 
2001 


2 2001 Seabird2000 


South Uist 
Machair & 
Lochs 


Western 
Isles 


31 
(1986-
1990) 


1997 Declined 
2009 


7 
17 


1999 
2002 


Seabird2000 
Stroud et al. 
2014 


The Dee 
Estuary 


Cheshire 
& 
Flintshire 


69 
(1995-
1999) 
Or 56 
(Stroud et 
al. 2001) 


1985  126 2011 Stroud et al. 
2014 


Morecambe 
Bay 


NW 
England 


26 1996  62 2011 Stroud et al. 
2014 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 


20.10 BDMPS 
UK waters can be split into two distinct spatial BDMPS which are appropriate for the 
migration periods (late July to early September, and mid-April to May): UK North Sea and 
Channel waters, and UK western waters. These are distinct for little tern because the 
evidence suggests that birds from colonies in the North Sea and Channel rarely migrate into 
UK western waters and vice versa. In addition, although birds from Ireland migrate through 
UK western waters so contribute to that BDMPS, no significant numbers of little terns from 
overseas populations are thought to migrate through UK North Sea waters. Numbers of this 
species predominantly occur in the southern parts of each of these BDMPS areas. Numbers 
in the NW part of the North Sea BDMPS are very small. About 100 pairs breed in this area, 
with 41 pairs on SPAs (Ythan Estuary, Firth of Tay). Numbers in the West of Scotland part of 
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the UK western waters BDMPS are also small. About 220 pairs breed in this area, with about 
19 pairs on SPAs (Monach Isles, S Uist Machair).  
 
Apportioning of numbers from SPA populations, non-SPA colonies and from overseas 
populations is presented in Appendix A Tables 60 and 61.  
 
Based on evidence reviewed in sections 20.5, 20.6 and 20.7, the UK North Sea and 
Channel migration seasons BDMPS is estimated to hold 100% of adults and 60% of 
immatures from colonies in the UK North Sea and Channel, but no birds from colonies in the 
UK western waters area or from Ireland (Appendix A Table 60). These proportions give an 
estimated BDMPS of 3,524 birds (adults and immatures) with 3,524 of these from the UK 
population and none from overseas. 
 
Based on evidence reviewed in sections 20.5, 20.6 and 20.7, the UK western waters 
migration seasons BDMPS is estimated to no birds from colonies in the UK North Sea and 
Channel, but 100% of adults and 60% of immatures from colonies in the UK western waters 
area, and 95% of adults and 60% of immatures from Ireland (Appendix A Table 61). These 
proportions give an estimated BDMPS of 1,602 birds (adults and immatures) with 1,088 of 
these from the UK population and 514 from overseas. 
 


 
Figure 20.6. Two defined BDMPS spatial areas for little tern: ‘UK North Sea waters and 
Channel’ and ‘UK Western waters’. 
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20.11 Proportions of UK SPA birds in BDMPS 
SPA birds represent about 40% of the UK population. Proportions of birds that are adults 
from UK SPA colonies in each BDMPS can be estimated directly from the data in Appendix 
A Tables 60 and 61. For example, in the UK North Sea and Channel BDMPS (3,524 birds) 
there are estimated to be 1,918 adults from SPA colonies, so these represent 54% of the 
total birds present. 


20.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
Although the general migration pattern of little terns is understood and colony sizes are 
rather well documented, almost nothing is known about the details of local (colony-specific) 
patterns of dispersal and migration behaviour of little terns through UK waters. However, it 
seems likely that birds will mix across the BDMPS when away from colonies, particularly 
because there are numerous but mostly fairly small colonies in each of the two BDMPS 
areas. 
 
 
 
  


  235 | P a g e  
 







 


 
21. COMMON GUILLEMOT Uria aalge 
 Biogeographic population with 


connectivity to UK waters (adults 
and immatures) 


Numbers in UK waters in non-
breeding season (August to 
February) (adults and 
immatures) 


Overseas 993,000 128,360 


UK 3,132,000 2,628,166 


Total 4,125,000 2,756,526 


 


Non-breeding season 
BDMPS (August to 
February) 


Total number of 
birds in BDMPS 
(adults plus 
immatures) 


Number from 
overseas 
populations 
(adults plus 
immatures) 


Number from UK 
population 
(adults plus 
immatures) 


UK North Sea and Channel 1,617,306 94,160 1,523,146 


UK Western waters 1,139,220 34,200 1,105,020 


 
Colour coding is amber for numbers of birds in the UK population in the biogeographic total 
and in UK waters and each BDMPS since the locations and sizes of colonies in the UK are 
well known. Only a few colonies have not been censused since Seabird 2000, and 
population monitoring by JNCC has a strong focus on common guillemot so national and 
regional trends in numbers are well monitored. Dispersal and migratory movements of 
common guillemots from UK colonies are broadly well known based on ring recovery data, 
seawatching and at sea observations, although there is evidence for long term changes in 
migration patterns that relate to changes in availability of small pelagic fish (e.g. Heubeck et 
al. 1991), and the details of post-breeding dispersal of males with chicks are not well 
understood at a local level where interactions with renewables might be an issue as birds 
disperse rapidly from breeding areas. Numbers of birds from overseas populations that visit 
UK waters are much less well known, and there is much more uncertainty about population 
sizes in many overseas populations and whether those numbers are changing. Therefore 
the data for overseas contributions to the biogeographic population and BDMPS are coded 
red. However, because total numbers in the BDMPS are mainly determined by numbers in 
the UK component of the BDMPS, the totals are coded amber rather than red, as the 
influence of uncertainty in numbers from overseas on the total numbers present seems to be 
relatively small. 


Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 62 
and 63.  
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21.1 Breeding range and taxa 
Common guillemot has a Holarctic breeding distribution. There are five subspecies, three of 
which occur in UK waters. U. a. hyperborea breeds in Svalbard and northern Norway, east to 
Novaya Zemlya in northern Russia, and has been recorded in very small numbers in the UK 
in winter. U. a. albionis breeds in Ireland, Britain south of 55o 38’N, at Helgoland (Germany) 
and from Brittany to northern Portugal. Nominate U. a. aalge breeds in Britain north of 55o 
38’N, in southern Norway and the Baltic Sea (Peterz and Blomqvist 2010), Faroe, Iceland, 
Greenland and the northern Atlantic coast of North America. However, these subspecies 
may really represent clinal variation in size and plumage rather than discrete types, as 
colonies close to 55o 38’N may contain a mixture of birds that could be assigned to either 
albionis or aalge, and several chicks ringed in one subspecies have subsequently recruited 
into a colony of a different subspecies (for example aalge from Shetland found breeding in 
Arctic Norway where the subspecies is hyperborea). However, birds can generally be 
identified to subspecies from plumage and biometrics, and there is clinal variation in size 
(Hope Jones 1988, 1995) with larger birds further north, and in the presence of ‘bridled’ 
plumage with a higher frequency further north (Birkhead 1984; Reiertsen et al. 2012). As a 
result, there is scope to assess origins of birds sampled in winter (most frequently from 
beached birds associated with oil spills or winter wrecks or as a result of chronic winter 
mortality), although Barrett et al. (2008) concluded that biometrics only allow the most likely 
sea area of origin to be estimated rather than the specific colony. Attempts have also been 
made to use DNA markers to identify origins of common guillemots, but there is little 
variation in common guillemot DNA between populations (Moum et al. 1991; Moum and 
Arnason 2001; Cadiou et al. 2004; Riffaut et al. 2005).  


21.2 Non-breeding component of the population 
Common guillemots start to breed when 5 years old (BTO Birdfacts). Adult survival rate is 
0.946 (BTO Birdfacts; Harris et al. 2000), juvenile survival 0.56 (BTO Birdfacts; Harris et al. 
2007) and mean productivity is 0.678 chicks per pair (JNCC database, n=191 
measurements). To obtain a stable population, survival of immatures was adjusted to 0.5 for 
juveniles, 0.6 for 1-year olds, 0.7 for 2-year olds, 0.85 for 3-year olds and 0.9 for 4-year olds. 
The model population comprised 57% adults, 19% juveniles and 24% older immatures. 
There are 0.74 immatures per adult. 


21.3 Phenology 
Breeding colonies in the UK are deserted in August, with modal departure in July 
(Pennington et al. 2004; Brown and Grice 2005; Forrester et al. 2007). Autumn 
dispersal/migration starts in mid-July (Cramp et al. 1977-94), July (Pennington et al. 2004), 
late July (Forrester et al. 2007) or August (Wernham et al. 2002). The late start date noted 
by Wernham et al. (2002) may be because that analysis is based primarily on ring 
recoveries, and there may be a lag before recoveries are found. Peak autumn migration 
occurs in August according to Pennington et al. (2004) and Forrester et al. (2007), in August-
October (Cramp et al. 1977-94), in September-October (Wernham et al. 2002), or October-
December in Belgium (Vanermen et al. 2013). Numbers observed in autumn at Trektellen 
seawatching UK sites (predominantly in south and east England) are remarkably small, and 
do not indicate timing of autumn migration, presumably because birds from breeding sites 
move eastwards across the North Sea rather than southwards along the coast past most of 
these seawatching sites (Figure 21.1). Autumn migration is completed by September 
(Pennington et al. 2004; Forrester et al. 2007) or October (Cramp et al. 1977-94) or 
November (Wernham et al. 2002). Again the estimate from ring recovery data may be a little 
late by comparison with estimates based on direct observations.  
 
Spring migration starts in October-November (Cramp et al. 1977-94; Pennington et al. 2004), 
October-February (Forrester et al. 2007) or December (Wernham et al. 2002). Peak spring 
migration occurs in December-February (Cramp et al. 1977-94; Forrester et al. 2007), 
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January-February (Pennington et al. 2004), January-March (Wernham et al. 2002) and 
January-March in Belgium (Vanermen et al. 2013). Peak numbers observed in spring at 
Trektellen seawatching UK sites (predominantly in south and east England) occurred in early 
February (Figure 21.1). Spring migration is completed by March (Pennington et al. 2004; 
Forrester et al. 2007), mid-April (Cramp et al. 1977-94), or April-May (Wernham et al. 2002).  
 
The first spring records of common guillemot in Shetland, Fair Isle, Orkney, and Argyll Bird 
Reports for 2007 to 2012 were predominantly from 1 January and the last records were 
predominantly at 31 December, as large numbers of common guillemots overwinter, while 
peak autumn migration was reported in July in most years, and peak spring migration was 
reported in January-March in most years. Birds re-occupy colonies from November, with 
modal return in January (Mudge et al. 1987; Pennington et al. 2004; Brown and Grice 2005; 
Forrester et al. 2007). 
 


 
Figure 21.1. Average numbers of common guillemots counted per hour at migration sites in 
the UK (which are mostly in south or east England). Data from Trektellen database accessed 
from the internet in January 2014. 
 
Kober et al. (2010) defined breeding season as May-June, non-breeding season October-
April. However, from the data reviewed above, this could be refined to breeding season 
March-July, non-breeding season August-February. 


21.4 Defined seasons: 
• UK Breeding season     March-July 
• Post-breeding migration in UK waters  July-October 
• non-breeding season     August-February (non-breeding 


BDMPS) 
• Return migration through UK waters   December-February 
• Migration-free breeding season  March-June 
• Migration-free winter season   November 


Apart from the breeding season, one seasonal BDMPS period is considered to be 
appropriate for common guillemot: 


Non-breeding season BDMPS (August-February). 
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21.5 Movements of birds from the UK population 
Common guillemots in Britain and Ireland are considered to be dispersive rather than 
migratory (Wernham et al. 2002). Many adults remain close to their colony throughout the 
year (Brown and Grice 2005). With the exception of August-September, when adults moult 
and are flightless for about six to seven weeks (Brown and Grice 2005), adults can be seen 
at breeding sites occupying ledges, though sporadically through winter. Young birds 
disperse further than adults, and juveniles from UK colonies have been recovered in October 
onwards from north Norway to Portugal, whereas few adults move beyond UK waters 
(Wernham et al. 2002). There is a slight indication for birds from different parts of the UK 
wintering in different areas, as suggested by Mead (1974). Birds from northern Britain move 
furthest (and include most of the recoveries in north Norway) (Wernham et al. 2002; see also 
Heubeck et al. 1991). Those from colonies in SW England mostly move southwards into the 
Bay of Biscay and travel least (Wernham et al. 2002). Common guillemots from colonies in 
the east coasts of England and Scotland mostly remain in the North Sea in winter (Wernham 
et al. 2002). Although typical patterns of distribution and seasonal movements are described 
above, there is very strong evidence indicating that common guillemot seasonal movements, 
distribution patterns and overwinter survival are strongly affected by the distribution and 
abundance of prey fish stocks, and especially the distribution and abundance of sprats. 
Since sprat stock biomass can vary considerably from year to year, common guillemot 
seasonal movements can vary according to the availability of their winter prey. Blake (1984) 
suggested that guillemot survival in winter was influenced by abundance of small prey fish 
stocks within local areas. Mass mortality of guillemots in 1983 correlated with apparent low 
abundance of sprat, one of their main winter foods in areas of the North Sea (Underwood 
and Stowe 1984). Blake et al. (1984) suggested that guillemot distribution across the North 
Sea related to presence of sprat stocks, while Peterz and Olden (1987) found that increased 
numbers of common guillemots wintering off the west coast of Sweden related to high 
abundance of young herring in that area at the time. Skov et al. (2000) also found that the 
distribution of common guillemots in winter in the Skagerrak and Kattegat correlated with the 
distribution of young herring. Harris and Bailey (1992) showed that first year common 
guillemot survival rates in the North Sea were best explained by sprat stock biomass. 
Although Pennington et al. (2004) stated that the breeding numbers and breeding success of 
common guillemots in Shetland was primarily determined by the biomass of the Shetland 
sandeel stock, sandeels remain buried in the sea bed during autumn and winter so are not 
readily available at that time of year (although common guillemots have been recorded to dig 
sandeels out of the sand in winter). Their winter prey is predominantly sprats and young 
herring (Blake 1984).  
 
When common guillemot chicks fledge from Shetland colonies in July, in most years the 
chicks swim eastwards accompanied by the male parent, arriving off the coast of Norway 
within a few weeks (Pennington 2004). During 1982-84, many thousands remained in 
inshore waters around Shetland instead of travelling to Norway. This altered behaviour 
coincided with a high abundance of sandeels at Shetland and low sprat biomass in the North 
Sea. No such large numbers were encountered there post-fledging during the late 1980s or 
1990s when sandeel stocks had declined to very low abundance at Shetland. These 
observations suggest that the movements and resulting winter distribution of common 
guillemots, perhaps especially first year birds, are highly flexible, with birds aggregating in 
areas where there are high concentrations of food fish. In English waters, post-breeding 
aggregations are particularly found in August over Dogger Bank, off East England 
northwards of Flamborough, and in the Irish Sea (Brown and Grice 2005); these birds 
become more widely dispersed from October to February. There is concern that common 
guillemots dispersing from breeding areas may possibly aggregate in, or pass through, sites 
being considered for marine renewables development during their dispersal phase. Since 
that can be very rapid, lasting just two or three weeks in July, such aggregations could easily 
be overlooked by a survey protocol of monthly counts at a proposed development site, while 


  239 | P a g e  
 







 


 
such aggregations may not necessarily occur in the same place in successive years, 
depending on fish stocks. There is, therefore, much uncertainty about local aggregations 
post-breeding, and where these might be located. More work is required to map dispersal by 
males and chicks before it is possible to define a BDMPS or set of BDMPSs for the dispersal 
phase. Therefore in this report the dispersal phase is not treated separately, but is 
subsumed into the defined breeding season (March to July) or non-breeding season (August 
to February). 


21.6 Movements of birds from overseas into UK waters 
Wernham et al. (2002) report 69 foreign ringed common guillemots recovered in the British 
Isles (i.e. not including birds ringed in Ireland as foreign). These included 8 ringed in 
Netherlands, 29 in Germany, 23 in Faroes, 5 in Norway, 3 in France, and 1 in Russia. Some 
of these were ringed as rehabilitated birds (e.g. those from Netherlands, and probably those 
from France and some from Germany). From this they concluded that small numbers of 
common guillemots from Scandinavian and Faroese colonies reach northern Britain in 
autumn and winter and some enter the North Sea (Wernham et al. 2002). Deployment of 
geolocators on breeding common guillemots at colonies in Central Norway found that all 
moved northwards up the Norwegian Sea after the breeding season (Lorentsen and May 
2012). 80% of these then moved into the Barents Sea, while 20% remained in the north 
Norwegian Sea. After moult, some moved back into the north Norwegian Sea so that 50% 
overwintered in the Barents Sea and 50% in the north Norwegian Sea. Lorentsen and May 
(2012) point out that there are ring recoveries of common guillemots from Central Norway in 
southern Norway as well as to the north, and caution that their geolocator results may 
represent only the year of deployment (2009-10) and that patterns may differ in other years, 
but they suggest that the Barents Sea may represent the main moulting area and a major 
wintering area for common guillemots from colonies in Central Norway (see also Steen et al. 
2013). Most of the recoveries abroad of common guillemots ringed in the Faroes that were 
recovered in September to November were from the coast of Norway, with only two from UK 
coasts (Hammer et al. 2013). Later in the winter, in December to February, 7 were recovered 
on UK North Sea coasts (including Shetland), 18 on the Norwegian coast, 1 in Denmark and 
1 in Iceland (Hammer et al. 2013). Birds from Germany (Helgoland) winter in the North Sea 
and some may enter UK waters (Wernham et al. 2002). The Baltic population apparently 
remains within the Baltic Sea (Wernham et al. 2002). Wernham et al. (2002) did not report 
any common guillemots from Iceland recovered in UK waters. Pennington et al. (2004) 
reported that the only foreign-ringed common guillemots recovered in Shetland were three 
birds ringed in Faroe. A very few birds found in Shetland in winter appear from 
measurements to be from the subspecies hyperborea which breeds in Arctic Norway, Bear 
Island, Svalbard and northern Russia (Pennington et al. 2004) but these have only been 
found on a very few occasions so numbers coming from far northern populations appear to 
be negligible. Fort et al. (2013) report on deployment of geolocators on common guillemots 
breeding at a northern Barents Sea colony. Those birds remained within the Barents Sea, 
White Sea or north Norwegian Sea throughout the winter, so geolocator data suggest that 
high latitude common guillemots are unlikely to reach UK waters except as vagrants. This 
supports conclusions based on ringing, which also indicated that common guillemots from 
colonies in the southern Barents Sea (north Norwegian coast) spend the winter either in the 
Barents Sea, or in the north Norwegian Sea (Nikolaeva et al. 1996). A small number of birds 
ringed as chicks have been recovered at breeding colonies far from their natal origins; two 
chicks from UK colonies were recovered at a colony in north Norway, two from UK colonies 
were recovered at colonies in the Baltic, and one from the Baltic bred at Skomer in the Irish 
Sea (Wernham et al. 2002). However, these long-distance natal dispersals are very 
exceptional. Anker-Nilssen et al. (1988) used biometrics of 826 common guillemots (18% of 
which were adults) killed by oil in the Skagerrak in January 1981 to infer that most were 
probably from Scottish or south Norwegian colonies. Cadiou et al. (2004) used ring 
recoveries and biometrics of 1,851 common guillemots killed in the ‘Erika’ oil spill in the Bay 
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of Biscay to infer that birds originated from a large area that included colonies from across 
the British Isles, along with some from more northerly colonies, but with most birds coming 
from colonies between west Scotland and the Celtic Sea. Grantham (2004) identified 
differences in wintering areas used by birds from different colonies as recovered in major oil 
spills; birds wintering in the southwestern approaches to the English Channel and in the Bay 
of Biscay tended to be immature birds from colonies in west Britain and Ireland, whereas 
birds wintering in the English Channel and southern North Sea tended to be adults from 
colonies in eastern Britain. Seabird 2000 reported 965,000 pairs in UK, 80,000 pairs in 
Ireland, 101,000 pairs in Norway, 175,000 pairs in Faroe, 990,000 pairs in Iceland, 2,500 
pairs in Germany, 2,500 pairs in Denmark, and 250 pairs in France (Mitchell et al. 2004). 
More recently, Hammer et al. (2013) estimated that there are about 100,000 pairs in Faroe, 
while Gardarsson (2006) suggested that breeding numbers in Iceland had declined by 30% 
between 1983-86 and 2005-08, with 693,000 pairs in 2005-08. In the UK, changes in 
numbers are uncertain as no complete survey has been carried out since 2000, but JNCC 
monitoring data from a selection of colonies suggest a decrease in breeding numbers of 
about 40% in Scotland between 2000 and 2011 with the decrease most evident in Shetland 
(Foster and Marrs 2012) whereas numbers breeding in Wales have increased by a similar 
percentage (JNCC database).  


21.7 Numbers in UK waters 
Forrester et al. (2007) suggest that in winter there are around 750,000 individuals of Uria 
aalge aalge in Scottish waters. Numbers of Uria aalge albionis in Scottish waters in winter 
are uncertain, but there may be around 20,000, with most of those birds (which breed mostly 
on Ailsa Craig and Sanda) being in SW Scotland in winter. A small proportion of those birds 
may originate from colonies in England, Wales and Ireland, as some of those birds may 
disperse northwards in autumn (Forrester et al. 2007). Blake et al. (1984) estimated from 
ESAS data that common guillemots moved rapidly out of waters adjacent to breeding 
colonies in July, with perhaps 1,500,000 birds in North Sea waters in autumn and winter. 
Numbers in waters to the west of the UK appear to be similar in total to numbers in UK North 
Sea waters, so perhaps about 1,500,000 birds are in waters west of the UK in autumn and 
winter. Those totals would suggest that most of the UK population (900,000 pairs so 
1,800,000 adults which would probably have an associated 1,300,000 immature birds) are in 
UK waters in autumn and winter, or that the birds from the UK population that move into 
overseas waters are similar in number to the totals that enter UK waters from overseas. This 
total would suggest that the estimate presented by Forrester et al. (2007) is most likely an 
underestimate of numbers in Scottish waters. For this reason, estimated numbers in the 
BDMPS have been set between the (lower) numbers thought to be at sea based on ESAS 
survey data and (higher) numbers thought to be present based on known population size 
and movement patterns.  


21.8 Biogeographic population 
Stroud et al. (2001) defined the biogeographic breeding population as that of the North 
Atlantic population, comprising 2,250,000 pairs. However, Mitchell et al. (2004) provided a 
revised estimate of this population as 2,800,000-2,900,000 pairs. Kober et al. (2010) 
presented an estimated biogeographic population of 8,500,000 individuals. Populations with 
connectivity to UK waters include UK (900,000 pairs), Ireland (80,000 pairs), Faroe (100,000 
pairs), Norway (100,000 pairs), Germany and Denmark (5,000 pairs) and France (250 pairs). 
Therefore the biogeographic population with connectivity to UK waters sums to 4,125,000 
birds (including adults and immatures), with 3,132,000 in UK, and 993,000 in overseas, 
populations. The UK population represents a high proportion of this total, and many of the 
birds from these overseas populations do not visit UK waters, so the birds in UK waters are, 
at all times of year, predominantly birds from UK colonies. The estimated total numbers in 
UK waters in the non-breeding season (August to February) are 2,708,000 birds, with 
2,580,000 of these from the UK. The slightly smaller number of UK birds in UK waters than 
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in the biogeographic population recognises that some younger immature birds from the UK 
will be in overseas waters. 
 


 
Figure 21.2. Breeding population origins of common guillemots in UK waters during 
migrations and winter. Estimated numbers of breeding pairs in each population are given. 
Base map from OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors. 
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Figure 21.3. Main movements of common guillemots from UK breeding areas (red arrows) 
and from overseas populations (blue arrows) into UK waters during post-breeding 
dispersal/migration. Arrows imply general patterns of movement and should not be taken 
literally as indicating exact routes or exact starting and end points. Similarly, small numbers 
of birds occur in areas not marked by arrows and some birds may move in different 
directions from those broad patterns indicated. Movements probably tend to follow coastlines 
and arrows that cross land do not imply overland migration routes. As far as is known, spring 
return migration represents a reversal of the pattern shown in this figure. 
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Figure 21.4. Trend in the common guillemot breeding population index in UK from 1986-
2012. Data from JNCC seabird population monitoring database. 
 


 
Figure 21.5. Trend in the common guillemot breeding population index in Scotland from 
1986-2012. Data from JNCC seabird population monitoring database. 
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Figure 21.6. Trend in the common guillemot breeding population index in Wales from 1986-
2012. Data from JNCC seabird population monitoring database. 


21.9 Proportion of BDMPS from UK breeding SPAs 
The 34 SPAs with breeding common guillemots as a feature together held 693,120 pairs at 
designation, estimated to represent ca. 95% of the British breeding population and ca. 27% 
of the all-Ireland breeding population (Stroud et al. 2001). Stroud et al. (2014) considered the 
two subspecies that occur in the UK separately. The subspecies Uria aalge aalge breeding 
populations are features in 30 GB SPAs, and survey data from 1999-2011 showed that 
those then held an estimated 75% of the GB population of that subspecies. The subspecies 
Uria aalge albionis breeding populations are features in 3 GB SPAs, and survey data from 
2009-2011 showed that those then held an estimated 68% of the GB population of that 
subspecies. The single SPA for Uria aalge albionis in Northern Ireland then held an 
estimated 55% of the all-Ireland population of that subspecies. Since the surveys reported in 
Stroud et al. (2014) numbers have declined further in northern Scotland but increased in 
England and Wales; the proportion in the SPA suite may have further reduced slightly, but 
probably very little overall. 
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Figure 21.7. The UK SPA suite for breeding common guillemots. These SPA populations are 
listed in Table 21.1. 
 
Table 21.1. The UK SPA suite for breeding common guillemots (counts expressed as 
individual birds are converted to pairs by multiplying by 0.67). 
SPA  Location Pairs Year 


desig-
nated 


Site 
Condition 
Monitoring* 


Recent 
count 
(pairs) 


Year Reference 


UK North Sea & Channel 
Hermaness, 
Saxavord & 
Valla 


Shetland 11,363 1994 Maintained 
2000 


6,994 
4,020 
4,620 


2000 
2004 
2009 


SMP database 
SMP database 
SMP database 


Foula Shetland 25,125 
(1987) 


1995 Declined 
2007 


27,805 
16,615 


2000 
2007 


SMP database 
SMP database 


Noss Shetland 30,619 1996 Declined 
2005 


30,671 
14,908 
16,172 
14,783 


2001 
2004 
2005 
2009 


SMP database 
SMP database 
SMP database 
SMP database 


Sumburgh 
Head 


Shetland 10,752 1996 Declined 
2007 


10,269 
5,109 
4,908 
5,314 
4,762 
3,323 
4,896 
4,207 


2001 
2007 
2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
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Fair Isle Shetland 25,165 


(1994) 
1994 Maintained 


1999 
26,302 
18,304 
13,066 


1999 
2005 
2010 


SMP database 
SMP database 
SMP database 


West Westray Orkney 28,274 1996 Maintained 
2007 


36,700 
33,900 


1999 
2007 


Seabird2000 
Lewis et al. 
2012 


Calf of Eday Orkney 8,241 1998 No change 
2006 


1,715 
6,300 


2002 
2006 


SMP database 
Lewis et al. 
2012 


Rousay Orkney 7,102 2000 Recovered 
2009 


4,300 
6,200 


1999 
2009 


Seabird2000 
Lewis et al. 
2012 


Marwick Head Orkney 24,388 1994 Maintained 
1999 


23,235 
7,019 
11,267 
11,097 


1999 
2004 
2006 
2012 


SMP database 
SMP database 
SMP database 
SMP database 


Hoy Orkney 13,400 2000 Declined 
2007 


6,300 2007 Lewis et al. 
2012 


Copinsay Orkney 13,333 1994 Declined 
2008 


9,166 
5,607 


2008 
2012 


SMP database 
SMP database 


North 
Caithness 
Cliffs 


N Scotland 26,994 1996 Maintained 
2000 


47,000 2000 Lewis et al. 
2012 


East 
Caithness 
Cliffs 


N Scotland 71,509 
(1986) 


1996 Maintained 
1999 


120,789 
or 
158,895 
individua
ls 


1999 Lewis et al. 
2012 


Troup, 
Pennan & 
Lion’s Heads 


NE Scotland 29,902 
(1995) 


1997 Declined 
2007 


30,300 
10,938 


2001 
2007 


Seabird2000 
SMP database 


Buchan Ness 
- Collieston 
Coast 


NE Scotland 8,640 1998 Declining 
2007 


19,691 
12,928 


2001 
2007 


SMP database 
SMP database 


Fowlsheugh NE Scotland 40,140 1992 Maintained 
1999 


41,800 
36,300 
33,900 
30,100 


1999 
2006 
2009 
2012 


SMP database 
SMP database 
SMP database 
SMP database 


Forth Islands E Scotland 16,000 
(1985) 
Or 
22,452 
(Stroud 
et al. 
2001) 


1990 Maintained 
2007 


14,096 
15,829 
16,091 
15,779 
14,674 


2007 
2008 
2009 
2010 
2011 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


St Abb’s Head 
to Fast Castle 


E Scotland 20,971 1997 Maintained 
1998 


27,282 
27,061 
22,231 
22,103 


1998 
2003 
2008 
2013 


SMP database 
SMP database 
SMP database 
SMP database 


Farne Islands NE England 23,499 1985  32,596 
29,390 
32,244 
31,058 
32,145 
32,881 
33,532 


2007 
2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
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Flamborough 
Head & 
Bempton 
(to be 
subsumed 
into 
Flamborough 
and Filey 
Coast SPA) 


E England 16,150 1993  31,279 
39,641 


2000 
2008 
 


SMP database 
SMP database 


Flamborough 
and Filey 
Coast 


E England 41,607 
(2008-
2011) 


Not yet    See row above 


UK Western waters 
Sule Skerry 
and Sule 
Stack 


N Scotland 6,298 
(1986) 


1994 Maintained 
1998 


7,633 1998 SMP database 


North Rona 
and Sula 
Sgeir 


N Scotland 28,944 
(1986) 


2001 Declined 
2012 


21,021 
North 
Rona 
only: 
7,033 
4,096 
3,324 


1998 
 
 
 
1998 
2005 
2012 


SMP database 
 
 
 
SMP database 
SMP database 
SMP database 


Cape Wrath NW 
Scotland 


9,159 1996 Maintained 
2000 


27,359 2000 SMP database 


Handa NW 
Scotland 


76,105 
(1994) 


1990 Declined 
2007 


75,493 
60,370 
30,550 
37,993 


1998 
2003 
2007 
2011 


SMP database 
SMP database 
SMP database 
SMP database 


Shiant Isles Western 
Isles 


12,315 1992 Declined 
2008 


11,026 
5,148 


1999 
2008 


SMP database 
SMP database 


Flannan Isles Western 
Isles 


14,693 1992 Declined 
2013 


9,807 1998 Mitchell et al. 
2004 


St Kilda Western 
Isles 


15,209 1992 Maintained 
2000 


15,700 1999 Seabird2000 


Canna and 
Sanday 


W Scotland 3,858 1998 Maintained 
2001 


3,913 1999 SMP database 


Rum W Scotland 2,680 1982 No change 
2000 


1,644 2000 SMP database 


Mingulay and 
Berneray 


Western 
Isles 


20,703 1994 Declined 
2009 


21,835 
29,725 
13,527 


1998 
2003 
2009 


SMP database 
SMP database 
SMP database 


North 
Colonsay & 
West Cliffs 


W Scotland 6,656 1997 Maintained 
2008 


13,500 2000 Seabird2000 


Ailsa Craig W Scotland 3,350 
(1987) 


1990 Maintained 
2003 


7,818 
5,247 


2009 
2013 


SMP database 
SMP database 


Rathlin Island N Ireland 28,064 
(1985) 


1999  54,473 
87,398 


2007 
2011 


SMP database 
SMP database 


Skomer and 
Skokholm 


Wales 7,067 1982  12,479 
14,210 
14,577 
16,375 
16,641 
16,300 


2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 
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21.10 BDMPS 
UK waters can be split into two spatial BDMPS for common guillemots, the UK North Sea 
and Channel, and the UK western waters (Figure 21.8). This split is based on the fact that 
very few common guillemots from colonies in western Britain move into the North Sea during 
autumn migration or vice versa. In addition, birds from overseas are likely to show a 
tendency to occur more in one side of the UK than the other, with birds from continental 
Europe more frequent in the North Sea than in western waters. While there is a possibility 
that spatial distribution patterns may differ in the immediate post-breeding dispersal period in 
July-August, the details of distribution and movements at that time are not well known except 
broadly. There have not yet been any tracking studies of males with dependent chicks as 
they disperse, so details of colony-specific patterns of dispersal and how much these vary 
from year to year are uncertain. Until such data are available it seems best to define just two 
seasonal periods; breeding season (March to July) and non-breeding season (August to 
February).  
 
Apportioning of numbers from SPA populations, non-SPA colonies and from overseas 
populations is presented in Appendix A Tables 62 and 63.  
 
Based on evidence reviewed in sections 21.5, 21.6 and 21.7, the UK North Sea and 
Channel non-breeding season BDMPS is estimated to hold 70% of adults and 60% of 
immatures from North Sea colonies in Shetland to Aberdeenshire, 80% of adults and 70% of 
immatures from Aberdeenshire to Fife, 90% of adults and 80% of immatures from Fife to 
Humberside, 5% of adults and 10% of immatures from colonies from NW Scotland to Argyll, 
0% of adults and 5% of immatures from Argyll to Northern Ireland, 5% of adults and 10% of 
immatures from Wales, 10% of adults and 20% of immatures from Faroes, 5% of adults and 
20% of immatures from Norway, 20% of adults and 40% of immatures from Germany and 
Denmark (Appendix A Table 62). These proportions result in an estimated BDMPS of 
1,617,306 birds (adults and immatures) with 1,523,146 of these from UK and 94,160 from 
overseas populations.  
 
Based on evidence reviewed in sections 21.5, 21.6 and 21.7, the UK western waters non-
breeding season BDMPS is estimated to hold 2% of adults and 5% of immatures from North 
Sea colonies in Shetland, Orkney and north Caithness, no birds from colonies between East 
Caithness and East Anglia, 95% of adults and 90% of immatures from colonies from NW 
Scotland to Argyll, 100% of adults and 95% of immatures from Argyll to Northern Ireland, 
90% of adults and 80% of immatures from Wales, 5% of adults and 10% of immatures from 
Faroes, 1% of adults and 5% of immatures from Norway (Appendix A Table 63). These 
proportions result in an estimated BDMPS of 1,139,220 birds (adults and immatures) with 
1,105,020 of these from UK and 34,200 from overseas populations. 
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Figure 21.8. Two defined BDMPS spatial areas for common guillemot: ‘UK North Sea waters 
and Channel’ and ‘UK Western waters’. 


21.11 Proportions of UK SPA birds in BDMPS 
SPA birds represent about 70-75% of the UK population. Proportions of birds that are adults 
from UK SPA colonies in each BDMPS can be estimated directly from the data in Appendix 
A Tables 62 and 63. For example, in the UK North Sea and Channel BDMPS (1,617,306 
birds) there are estimated to be 684,920 adults from SPA colonies, so these represent 42% 
of the total birds present.  


21.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
Given the large number of SPA populations distributed through UK coasts, the SPA birds are 
likely to be well mixed with birds from non-SPA colonies and from overseas. In autumn 
shortly after dispersal from colonies there may be aggregations of SPA birds close to 
Flamborough Head & Bempton SPA, close to Farne Islands SPA, and close to Skokholm 
and Skomer SPA. These aggregations are likely to become less pronounced through the 
autumn as birds move offshore during winter, but may recur in late winter as adult birds 
move back towards breeding colonies. However, such aggregations appear to be very short-
lived in the transition between breeding and non-breeding distributions. More research is 
needed to determine whether there are consistent ‘hot-spots’ where common guillemots 
aggregate during the brief post-breeding dispersal stage in late July. 
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22. RAZORBILL Alca torda 
 Biogeographic 


population with 
connectivity to UK 
waters (adults and 
immatures) 


Numbers in UK 
waters in migration 
seasons (August-
October, and 
January-March) 
(adults and 
immatures) 


Numbers in UK 
waters in winter 
(November-
December) (adults 
and immatures) 


Overseas 1,350,000 851,310 461,228 


UK 357,000 347,478 98,816 


Total 1,707,000 1,198,788 560,044 


 


 Total number of 
birds in BDMPS 
(adults plus 
immatures) 


Number from 
overseas 
populations 
(adults plus 
immatures) 


Number from UK 
population (adults 
plus immatures) 


Migration seasons 
BDMPS (August-October, 
and January-March) 


   


UK North Sea and Channel 591,874 434,431 157,443 


UK Western waters 606,914 416,879 190,035 


Winter BDMPS (November 
and December) 


   


UK North Sea and Channel 218,622 172,869 45,753 


UK Western waters 341,422 288,359 53,063 


 
Colour coding is amber for numbers of birds in the UK population in the biogeographic total 
and in UK waters and each BDMPS since the locations and sizes of colonies in the UK are 
well known. Only a few colonies have not been censused since Seabird 2000, and 
population monitoring by JNCC has meant that national and regional trends in numbers can 
be assessed. Dispersal and migratory movements of razorbills from UK colonies are broadly 
known based on ring recovery data, seawatching and at sea observations, although there 
may be long term changes in migration patterns that relate to changes in availability of small 
pelagic fish (as is more clearly known for common guillemot), and the details of post-
breeding dispersal of males with chicks are not well understood at a local level where 
interactions with renewables might be an issue as birds disperse rapidly from breeding 
areas. Numbers of birds from overseas populations that visit UK waters are much less well 
known, and there is much more uncertainty about population sizes in many overseas 
populations and whether those numbers are changing. Therefore the data for overseas 
contributions to the biogeographic population and BDMPS are coded red. Because it 
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appears that total numbers are strongly influenced by these numbers from overseas, the 
totals are also coded red. 


Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 64 to 
67. 


22.1 Breeding range and taxa 
Razorbills breed around the North Atlantic. There are two subspecies; nominate A. t. torda 
breeds in eastern North America, Greenland, Bear Island, White Sea, Norway, Denmark, 
and Baltic Sea. Subspecies islandica breeds in in Iceland, Faroe, British Isles, Germany, and 
France. There is considerable variation in size with latitude of breeding colony (Hope Jones 
1995; Barrett et al. 1997), providing an opportunity to assess origins of individuals sampled 
in winter. Although genetic differentiation between razorbills in different colonies was 
considered by Moum and Arnason (2001) to be moderately high, genetic comparisons do 
not seem to have been used to infer seasonal movements of razorbills.  


22.2 Non-breeding component of the population 
Razorbills start to breed when 4 years old (BTO Birdfacts). Adult survival rate is 0.9 (BTO 
Birdfacts; Chapdelaine 1997), juvenile survival 0.38 to 4 years old (BTO Birdfacts; 
Chapdelaine 1997) and mean productivity is 0.633 chicks per pair (JNCC database, n=87 
measurements). To obtain a stable population, survival of immatures was adjusted to 0.6 for 
juveniles, 0.7 for 1-year olds, 0.8 for 2-year olds, and 0.9 for 3-year olds. The model 
population comprised 57% adults, 18% juveniles and 25% older immatures. There are 0.75 
immatures per adult. 


22.3 Phenology 
Breeding colonies in the UK are deserted in August, with modal departure in July 
(Pennington et al. 2004; Forrester et al. 2007). Autumn dispersal/migration starts in July 
(Pennington et al. 2004), mid-July (Cramp et al. 1977-94), July-August (Wernham et al. 
2002), or August (Forrester et al. 2007). Peak autumn migration occurs in late July in 
Shetland (Pennington et al. 2004), August-October (Cramp et al. 1977-94), September-
October (Wernham et al. 2002; Forrester et al. 2007), and October-November in Belgium 
(Vanermen et al. 2013). Numbers observed in autumn at Trektellen seawatching UK sites 
(predominantly in south and east England) are so small that no peak in autumn migration 
can be detected (Figure 22.1). Autumn migration is completed by mid-August in Shetland 
(Pennington et al. 2004), but by October in southern UK waters (Cramp et al. 1977-94), 
November (Forrester et al. 2007) or November-December (Wernham et al. 2002). 
  
Spring migration starts in November-December (Cramp et al. 1977-94), or January 
(Pennington et al. 2004; Forrester et al. 2007). Peak spring migration occurs in January-
February (Cramp et al. 1977-94), February-March (Pennington et al. 2004; Forrester et al. 
2007), and February-April in Belgium (Vanermen et al. 2013). Peak numbers observed in 
spring at Trektellen seawatching UK sites (predominantly in south and east England) 
occurred in late January and early February (Figure 22.1). Spring migration is completed by 
March (Cramp et al. 1977-94) or April (Pennington et al. 2004; Forrester et al. 2007). 
  
The first spring records of razorbill in Shetland, Fair Isle, Orkney, and Argyll Bird Reports for 
2007 to 2012 were from January to March, and the last records were mostly in December. 
Peak autumn migration was not well defined and was reported in July to November in 
different areas and years, and peak spring migration was reported in January to April, but 
mostly in March. Birds re-occupy colonies from February, with modal return in late March or 
early April (Pennington et al. 2004; Forrester et al. 2007). 
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Figure 22.1. Average numbers of razorbills counted per hour at migration sites in the UK 
(which are mostly in south or east England). Data from Trektellen database accessed from 
the internet in January 2014. 
 
Kober et al. (2010) defined breeding season as May-June, non-breeding season October-
April. However, from the data reviewed above, a more appropriate definition would be 
breeding season April-July, non-breeding season August-March. 


22.4 Defined seasons: 
• UK Breeding season     April-July 
• Post-breeding migration in UK waters  August-October (migration BDMPS) 
• non-breeding season     August-March 
• Return migration through UK waters   January-March (migration BDMPS) 
• Migration-free breeding season  April-June 
• Migration-free winter season   November-December (winter BDMPS) 


Apart from the breeding season, two seasonal BDMPS periods are considered to be 
appropriate for razorbill: 


Migration seasons BDMPS (August-October, and January-March); and 


Winter BDMPS (November-December). 


22.5 Movements of birds from the UK population 
During late summer and early autumn (July and August) when the fledged young are 
completing growth at sea and adults are undertaking their post-breeding moult, most 
recoveries of UK ringed adults and juveniles occur close to the colony, though by this time 
immature birds may be further afield (Wernham et al. 2002). During September, breeders 
and juveniles move predominantly southwards, with recoveries from southern Norway to 
Portugal, and predominantly in the southern North Sea, Celtic Sea, Channel or Bay of 
Biscay (Wernham et al. 2002). The majority of those ringed in the SW of Britain are 
recovered in autumn in the Channel, the southern North Sea, western France, Iberia, the 
western Mediterranean and northwest Africa. Razorbills from colonies in NW Britain are 
predominantly recovered from the North Sea, Channel, southern and western Britain and 
France. Birds from north Scotland and the northern isles tend to move east, to southwest 
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Norway and Denmark or to the southern North Sea with relatively few reaching France and 
Iberia. Skov et al. (2000) found that the distribution of razorbills in winter in the Skagerrak 
and Kattegat, some of which originate from UK colonies, correlated with the distribution of 
young herring. Too few birds have been ringed in east Britain to indicate their movement 
pattern. Immature birds, especially the youngest age classes, tend to travel further south in 
winter than adults, and may remain in wintering areas through the year, but older immatures 
tend to move back to breeding colonies in summer though some may visit areas beyond 
their natal colony such as Greenland, Iceland and Faroe. Adults return to their colonies in 
spring, with older immatures following later.  


22.6 Movements of birds from overseas into UK waters 
Only 26 razorbills ringed abroad have been recovered in Britain and Ireland; 14 of these 
were ringed in Iceland, 4 in Russia, 3 in Norway, 2 in France, and one each in Finland, 
Sweden and The Netherlands (Wernham et al. 2002). The birds from Russia, Norway, 
Finland and Sweden are from the subspecies torda, and these birds tend to be significantly 
larger than birds from the subspecies islandica which is found breeding in the UK, Iceland, 
Faroe, Ireland and France. Measurements of beached corpses of razorbills in winter have 
confirmed presence of birds of the subspecies torda at a frequency of up to 4% of beached 
razorbills in the British Isles in winter, suggesting that these larger birds from the nominate 
subspecies are present in UK waters in winter as a small minority of the razorbill population 
(Wernham et al. 2002). In Shetland, only very small numbers of birds with wing lengths 
indicative of the subspecies torda have been found in winter beached bird surveys, 
suggesting that rather few torda birds winter near to Shetland (Pennington et al. 2002). 
Anker-Nilssen et al. (1988) used biometrics of 308 razorbills (66% of which were adults) 
killed by oil in the Skagerrak in January 1981 to infer that 55% were probably from Scottish 
colonies, and 45% from Baltic colonies. Seabird 2000 reported populations as 126,400 pairs 
in UK, 17,000 pairs in Ireland, 380,000 pairs in Iceland (Gardarsson 2006 suggested this 
had decreased to 315,400 pairs by 2005-08), 4,500 pairs in Faroe (all these being 
populations of the subspecies islandica), 30,300 pairs in Norway, 3,500pairs in Russia, 
10,000 pairs in Sweden, 6,000 pairs in Finland (all those being populations of the 
subspecies torda).  


22.7 Numbers in UK waters 
During post-breeding dispersal, about 220,000 birds are present in the North Sea (Tasker et 
al. 1987). Forrester et al. (2007) suggest that about 50,000 to 250,000 birds winter in 
Scottish waters, the high range indicating a low confidence in numbers. Higher numbers 
occur in English waters in winter, but a substantial (but uncertain) proportion of the UK 
population winters in southern Europe or in the eastern North Sea. 


22.8 Biogeographic population 
Stroud et al. (2001) defined the biogeographic breeding population as that of the subspecies 
islandica population, comprising 575,000 pairs. However, Mitchell et al. (2004) provided a 
revised estimate of this population as 530,000 pairs. Kober et al. (2010) presented an 
estimated biogeographic population of 1,950,000 individuals. Populations with connectivity to 
UK waters in migration or winter (Figure 22.2) include the UK (120,000 pairs), Iceland 
(315,000 pairs), Faroe (4,500 pairs), Norway (30,300 pairs), Russia (3,500 pairs), Sweden, 
Finland and Denmark (16,000 pairs), Ireland (17,000 pairs), and France (25 pairs). It is very 
uncertain what proportions of birds from these populations migrate through UK waters, or 
winter in UK waters. The biogeographic population with connectivity to UK waters comprises 
1,707,000 birds (adults and immatures) with 357,000 of these from the UK population and 
1,350,000 from overseas populations. Numbers estimated to be present in UK waters in the 
migration seasons (August to October, and January to March) are 1,197,000 birds in total, 
with 347,000 of these from the UK and 850,000 from overseas populations. Numbers 
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estimated to be present in UK waters in winter (November-December) are 559,000 birds in 
total, with 99,000 of these from the UK and 460,000 from overseas populations. 
 


 
Figure 22.2. Breeding population origins of razorbills in UK waters during migrations and 
winter. Estimated numbers of breeding pairs in each population are given. Base map from 
OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors. 
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Figure 22.3. Main movements of razorbills from UK breeding areas (red arrows) and from 
overseas populations (blue arrows) into UK waters during post-breeding dispersal/migration. 
Arrows imply general patterns of movement and should not be taken literally as indicating 
exact routes or exact starting and end points. Similarly, small numbers of birds occur in 
areas not marked by arrows and some birds may move in different directions from those 
broad patterns indicated. Movements probably tend to follow coastlines and arrows that 
cross land do not imply overland migration routes. As far as is known, spring return migration 
represents a reversal of the pattern shown in this figure. 
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Figure 22.4. Trend in the razorbill breeding population index in UK from 1986-2012. Data 
from JNCC seabird population monitoring database. 
 


 
Figure 22.5. Trend in the razorbill breeding population index in Scotland from 1986-2012. 
Data from JNCC seabird population monitoring database. 
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Figure 22.6. Trend in the razorbill breeding population index in Wales from 1986-2012. Data 
from JNCC seabird population monitoring database. 


22.9 Proportion of BDMPS from UK breeding SPAs 
The 19 SPAs with breeding razorbills as a feature together held 81,335 pairs at designation, 
estimated to represent ca. 76% of the British breeding population and ca. 26% of the all-
Ireland breeding population (Stroud et al. 2001). From survey data in 1998-2011, Stroud et 
al. (2014) estimated that the 18 SPA populations designated in Britain held 92.9% of the 
British population, while the single SPA designated for razorbill in Northern Ireland held 
about 66% of the all-Ireland population. 
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Figure 22.7. UK SPA suite for razorbill. These SPA populations are listed in Table 22.1. 
 
Table 22.1. The UK SPA suite for breeding razorbills. 
SPA Location Pairs Year 


desig-
nated 


Site 
Condition 
Monitoring* 


Recent 
count 
(pairs) 


Year Reference 


UK North Sea & Channel 
Foula Shetland 4,154 1995 Declined 


2007 
2,814 
375 


2000 
2007 


SMP database 
SMP database 


Fair Isle Shetland 2,044 1994 Maintained 
2005 


2,292 
915 


2005 
2010 


SMP database 
SMP database 


West Westray Orkney 1,307 1996 Maintained 
2007 


1,600 
550 


1999 
2007 


Seabird2000 
Lewis et al. 2012 


North 
Caithness 
Cliffs 


N 
Scotland 


2,212 1996 Declined 
2000 


1,700 2000 Seabird2000 


East 
Caithness 
Cliffs 


N 
Scotland 


9,259 
(1986) 


1996 Maintained 
1999 


12,500 1999 Seabird2000 


Troup, Pennan 
& Lion’s 
Heads 


NE 
Scotland 


3,216 
(1995) 


1997 Declined 
2007 


3,237 
1,743 


2001 
2007 


SMP database 
SMP database 
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Fowlsheugh NE 


Scotland 
4,576 1992 Maintained 


1999 
4,263 
2,868 
3,103 
3,524 


1999 
2006 
2009 
2012 


SMP database 
SMP database 
SMP database 
SMP database 


Forth Islands E 
Scotland 


1,400 
(1985) 
Or 
2,693 
(Stroud 
et al. 
2001) 


1990 Maintained 
2007 


2,403 
2,534 
2,489 
2,625 


2009 
2010 
2011 
2012 


SMP database 
SMP database 
SMP database 
SMP database 


St Abb’s Head 
to Fast Castle 


E 
Scotland 


1,407 1997 Maintained 
1998 


1,483 
1,486 
1,130 
1,219 


1998 
2003 
2008 
2013 


SMP database 
SMP database 
SMP database 
SMP database 


Flamborough 
Head & 
Bempton 
(to be 
subsumed into 
Flamborough 
and Filey 
Coast SPA) 


E England 5,133 
(1987) 


1993  5,721 
10,001 


2000 
2008 


SMP database 
SMP database 


Flamborough 
and Filey 
Coast 


E England 10,570 
(2008-
2011) 


Not 
yet 


   See row above 


UK Western waters 
North Rona 
and Sula Sgeir 


N 
Scotland 


1,541 
(1986) 


2001 Declined 
2012 


1,089 
North 
Rona 
only: 
552 
344 


1998 
 
 
 
1998 
2012 


SMP database 
 
 
 
SMP database 
SMP database 


Cape Wrath NW 
Scotland 


1,206 1996 Maintained 
2000 


2,090 2000 Seabird2000 


Handa NW 
Scotland 


10,432 
(1997) 


1990 Declining 
2006 


11,384 
8,660 
5,165 


2001 
2006 
2010 


SMP database 
SMP database 
SMP database 


St Kilda Western 
Isles 


2,546 1992 Maintained 
2000 


1,700 1999 Seabird2000 


Shiant Isles Western 
Isles 


7,337 
(1986) 


1992 Declined 
2008 


5,391 
4,248 


1999 
2008 


SMP database 
SMP database 


Flannan Isles Western 
Isles 


2,117 
(1988) 


1992 Recovering 
2013 


1,051 1998 SMP database 


Mingulay and 
Berneray 


Western 
Isles 


11,323 
(1985) 


1994 Declined 
2009 


15,343 
22,633 
10,111 


1998 
2003 
2009 


SMP database 
SMP database 
SMP database 


Rathlin Island N Ireland 5,978 
(1985) 


1999  13,976 
7,158 
15,393 


1999 
2007 
2011 


SMP database 
SMP database 
SMP database 


Skomer and 
Skokholm 


Wales 2,854 
(1997) 


1982  2,800 
2,631 
2,198 
2,699 
2,607 
6,001 


2008 
2009 
2010 
2011 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 


  260 | P a g e  
 







 


 
22.10 BDMPS 
Two spatial BDMPS areas can be defined; the UK North Sea and Channel, and UK western 
waters. Birds from colonies in the UK North Sea tend to remain in the North Sea or to 
migrate south through the North Sea and Channel to reach winter quarters in southern 
Europe. Birds from colonies in UK western waters tend to migrate south through UK western 
waters, and very few from those colonies enter the North Sea. So these two BDMPS are 
fairly discrete populations. However, razorbills migrate further southwards than common 
guillemots, and relatively few razorbills from UK colonies remain in UK waters in winter, so 
there is a need to separate two distinct seasonal BDMPS periods; migration seasons 
(August-October, and January-March), and winter (November-December). 
 
Apportioning of numbers from SPA populations, non-SPA colonies and from overseas 
populations is presented in Appendix A Tables 64 to 67.  
 
Based on evidence reviewed in sections 22.5, 22.6 and 22.7, the UK North Sea and 
Channel non-breeding season BDMPS is estimated to hold 95% of adults and 90% of 
immatures from colonies in Shetland, Orkney and north Caithness, 100% of adults and 90% 
of immatures from colonies on the UK North Sea coast from Caithness to East Anglia, 2% of 
adults and 5% of immatures from colonies in UK western waters from NW Scotland to SW 
England, 5% of adults and 10% of immatures from Russia, 30% of adults and 40% of 
immatures from Iceland, 20% of adults and 50% of immatures from Norway, 10% of adults 
and 30% of immatures from Denmark, Finland and Sweden, 50% of birds from Faroe, 2% of 
adults and 5% of immatures from Ireland, 1% of adults and 2% of immatures from France. 
These proportions result in an estimated BDMPS for the migration seasons of 591,874 birds, 
157,443 from UK and 434,431 from overseas populations (Appendix A Table 64). 
 
Based on evidence reviewed in sections 22.5, 22.6 and 22.7, the UK western waters non-
breeding season BDMPS is estimated to hold 5% of adults and immatures from colonies in 
Shetland, Orkney and north Caithness, 0% of adults and 2% of immatures from colonies on 
the UK North Sea coast from Caithness to East Anglia, 98% of adults and 90% of immatures 
from colonies in UK western waters from NW Scotland to SW England, 5% of adults and 
10% of immatures from Russia, 30% of adults and 40% of immatures from Iceland, 10% of 
adults and 30% of immatures from Norway, 5% of adults and 10% of immatures from 
Denmark, Finland and Sweden, 50% of birds from Faroe, 10% of adults and immatures from 
Ireland, 5% of adults and immatures from France. These proportions result in an estimated 
BDMPS for the migration seasons of 606,914 birds, 190,035 from UK and 416,879 from 
overseas populations (Appendix A Table 65). 
 
Based on evidence reviewed in sections 22.5, 22.6 and 22.7, the UK North Sea and 
Channel winter season BDMPS is estimated to hold 30% of adults and 10% of immatures 
from UK North Sea colonies, 10% of adults and 5% of immatures from colonies in UK 
western waters in Scotland, 5% of adults and no immatures from colonies in Northern 
Ireland, Wales and SW England, 1% of adults and 2% of immatures from Russia, 10% of 
adults and 20% of immatures from Iceland, 5% of adults and 10% of immatures from 
Norway, 2% of adults and 5% of immatures from Denmark, Finland and Sweden, 30% of 
birds from Faroe, 1% of adults and 2% of immatures from Ireland, 5% of adults and 5% of 
immatures from France. These proportions result in an estimated BDMPS for the winter 
season of 218,622 birds, 45,753 from UK and 172,869 from overseas populations (Appendix 
A Table 66). 
 
Based on evidence reviewed in sections 22.5, 22.6 and 22.7, the UK western waters winter 
season BDMPS is estimated to hold 1% of adults and 2% of immatures from colonies in the 
UK North Sea coast, 40% of adults and 10% of immatures from colonies in UK western 
waters from NW Scotland to Northern Ireland, 30% of adults and 10% of immatures from 
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colonies in Wales and SW England, 1% of adults and 2% of immatures from Russia, 20% of 
adults and 30% of immatures from Iceland, 5% of adults and 10% of immatures from 
Norway, 2% of adults and 5% of immatures from Denmark, Finland and Sweden, 30% of 
birds from Faroe, 10% of adults and 10% of immatures from Ireland, 5% of adults and 5% of 
immatures from France. These proportions result in an estimated BDMPS for the winter 
season of 341,422 birds, 53,063 from UK and 288,359 from overseas populations (Appendix 
A Table 67). 
 


 
Figure 22.8. Two defined BDMPS spatial areas for razorbill: ‘UK North Sea waters and 
Channel’ and ‘UK Western waters’. 


22.11 Proportions of UK SPA birds in BDMPS 
A very high proportion of razorbills in the UK are from UK SPA populations, estimated at 
around 90%. Given the large number of designated colonies and the high proportion of the 
total population in those sites, the proportion of the BDMPS that is from UK SPAs will mainly 
be determined by relative numbers of birds coming from overseas populations into these 
areas. Those numbers of overseas birds are very uncertain. Proportions of birds that are 
adults from UK SPA colonies in each BDMPS can be estimated directly from the data in 
Appendix A Tables 64 to 67. For example, in the UK North Sea and Channel migration 
seasons BDMPS (591,874 birds) there are estimated to be 71,824 adults from SPA colonies, 
so these represent 12% of the total birds present. In the UK western waters migration 
seasons BDMPS (606,914 birds) there are estimated to be 92,176 adults from SPA colonies, 
so these also represent 15% of the total birds present. 
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22.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
Given the high mobility of razorbills, their relatively long distance migrations, and the large 
numbers of migrants from overseas passing through and wintering in UK waters, birds from 
UK SPA populations are likely to be very well mixed within each of the BDMPS populations 
in migration seasons and in winter. 
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23. BLACK GUILLEMOT Cepphus grylle  
Black guillemot BDMPS is defined as the population of birds resident within a circle or buffer 
zone of 20 km radius around any focal site. There are 26,000 pairs in UK so 52,000 adults 
plus 1.32 immatures/adult. No birds from overseas populations are known to visit UK waters 
except as rare vagrants.  


23.1 Breeding range and taxa 
Black guillemot has an almost circumpolar breeding range in Arctic and sub-Arctic latitudes. 
There are five subspecies. C. g. arcticus breeds in Britain, eastern North America, southern 
Greenland, Denmark, SW Sweden and from Norway to the White Sea. Nominate C. g. grylle 
breeds only in the Baltic. Subspecies faeroeensis only in Faroe. Subspecies islandicus only 
in Iceland. Subspecies mandtii from northern Siberia to arctic Canada and northern 
Greenland. There appears to have been no assessment of whether biometrics would allow 
origins of individuals to be identified, but evidence indicates that hardly any birds from 
overseas have ever reached UK waters, so in view of the highly sedentary nature of this 
species within the British Isles and in nearby countries, there is unlikely to be any detectable 
numbers of birds from overseas reaching the UK.  


23.2 Non-breeding component of the population 
Black guillemots start to breed when 4 years old (BTO Birdfacts). Adult survival rate is 0.87 
(BTO Birdfacts), juvenile survival unknown (BTO Birdfacts) and mean productivity is 1.295 
chicks per pair (JNCC database, n=58 measurements). To obtain a stable population, 
survival of immatures was adjusted to 0.5 for juveniles, 0.6 for 1-year olds, 0.77 for 2-year 
olds, and 0.87 for 3-year olds. The model population comprised 43% adults, 28% juveniles 
and 29% older immatures. There are 1.32 immatures per adult. 


23.3 Phenology 
Breeding colonies in the UK are deserted in September, with modal departure in August 
(Pennington et al. 2004; Forrester et al. 2007). Black guillemots in the UK do not migrate, 
and rarely disperse far from their colonies. The Trektellen seawatching UK sites 
(predominantly in south and east England) reported only extremely low numbers of birds per 
hour, with no clear seasonal patterns apart from a slightly higher mean number in autumn 
and winter than in spring or summer, suggesting a slight post-breeding dispersal in August 
(Figure 23.1). However, it is noteworthy that numbers of black guillemots reported were 
considerably lower than even the numbers of roseate terns at these seawatching sites. Birds 
re-occupy colonies from late March, with modal return in early April (Pennington et al. 2004; 
Forrester et al. 2007). 
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Figure 23.1. Average numbers of black guillemots counted per hour at migration sites in the 
UK (which are mostly in south or east England). Data from Trektellen database accessed 
from the internet in January 2014. 
 
Kober et al. (2010) did not consider seasonality of black guillemot. From the data reviewed 
above, an appropriate definition would be breeding season April-August, non-breeding 
season September-March, but with negligible dispersal/migration occurring. 


23.4 Defined seasons: 
• UK Breeding season     April-August 
• Post-breeding migration in UK waters  not evident 
• non-breeding season    September-March 
• Return migration through UK waters   not evident 
• Migration-free breeding season  April-August 
• Migration-free winter season   September-March 


Apart from the breeding season, one seasonal BDMPS period is considered to be 
appropriate for black guillemot: 


Non-breeding season BDMPS (September-March). 


23.5 Movements of birds from the UK population 
Black guillemot populations in Britain and Ireland are considered to be sedentary, with no 
seasonal migration and negligible seasonal dispersal; no British ringed black guillemot has 
been recovered abroad (Wernham et al. 2002). However, there is evidence from counts at 
different times of year for birds moving away from particularly exposed coasts during winter 
to more sheltered coasts (e.g. from Foula and Fair Isle which are very exposed coastlines; 
Ewins and Kirk 1988; Pennington et al. 2004). Ring recoveries from Fair Isle include several 
birds that moved as far as Orkney or the north coast of Scotland and two cases where young 
birds were recovered in winter in east England (Wernham et al. 2002). However, Ewins and 
Kirk (1988) concluded that most black guillemots in Shetland never move more than 10-15 
km from their natal site. Timing of such migration is difficult to assess, and probably occurs 
in response to severe weather so tends to occur in autumn and winter. The Trektellen 
seawatching data for UK, which mainly come from sites in Yorkshire, suggests that the few 
records of black guillemot occur mostly between late July and March, which fits in with the 
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idea that these birds are predominantly storm-driven juveniles seeking shelter. Shetland, 
Fair Isle, and Orkney Bird Reports provide very little indication of dispersal movements by 
black guillemots as the species is present throughout the year in those areas and there is 
little or no evident seasonal variation in numbers present.  


23.6 Movements of birds from overseas into UK waters 
Black guillemots in Faroe are also sedentary; no black guillemots ringed in Faroe have been 
recovered away from the archipelago (Hammer et al. 2013) and the same applies in Iceland, 
where only short-distance (longest documented movement 10.5 km) natal dispersal occurs 
(Frederiksen and Petersen 2000). The lack of movement between Iceland, Faroe and UK is 
also suggested by the fact that these three populations are classified into three distinct 
subspecies: islandicus in Iceland, faeroeensis in Faroe, and arcticus in UK. There are no 
records of islandicus or faeroeensis in Scotland (Forrester et al. 2007). Numbers of black 
guillemots arriving in UK waters from overseas are apparently most likely to be occasional 
birds from southern Norway (where there are thousands) and southern Sweden (where there 
are thousands) (Mitchell et al. 2004). In relation to resident populations on northern Scottish 
coasts (Shetland, Orkney, NE Scotland) the numbers of arrivals from Scandinavia are likely 
to be negligible, while along the English east coast and south-east coast of Scotland, where 
the species is not resident (Mitchell et al. 2004), the very small numbers that arrive there (the 
2007-11 Atlas suggests some 19 records in those 5 years of survey; Balmer et al. 2013) are 
probably about as likely to originate from Scandinavia as from Scotland. There are two 
recoveries of young birds from southern Sweden recovered on the coast of east England 
(Wernham et al. 2002). The 2007-11 Atlas also shows 6 records in the 5 years of survey in 
SW England, where the species is also not resident, and those birds are likely to have 
originated from populations in Wales or Ireland; if exposed areas are the likely source then 
probably these birds moved from SW or S Ireland where there are large breeding numbers 
on relatively exposed coast. Apart from these very small numbers moving beyond normal 
breeding range, most areas hold the same population in winter as in the breeding season. 


23.7 Numbers in UK waters 
The black guillemot only occurs in English waters in extremely small numbers, mostly in 
autumn, although there are about 7 resident in Cumbria (Mitchell et al. 2014). The population 
in Wales is extremely small (Seabird 2000 suggested 28 resident individuals), while there 
are 602 at the Isle of Man (again resident so unlikely to move from there). Northern Ireland 
holds about 1,200 birds, Scotland about 37,000 to 38,000 birds (Mitchell et al. 2014). The 
Scottish population is distributed along all western and northern coasts, but is scarce in SW 
Scotland. In east Scotland, there are very few south of Caithness. 


23.8 Biogeographic population 
Stroud et al. (2001) did not define the biogeographic breeding population of this species as it 
is not relevant in terms of the Birds Directive because it is not migratory. However, Mitchell 
et al. (2004) provided an estimate of the population of the subspecies arcticus as 72,377-
142,321 pairs. Kober et al. (2010) did not present an estimate for the biogeographic 
population of this species. Only UK birds and a very few from Ireland occur in UK waters, so 
the only populations with connectivity to UK waters are the 26,000 pairs in the UK and a very 
small fraction of the population in Ireland (which comprises about 2,200 pairs (Figure 23.2). 
No other overseas populations show significant connectivity with UK waters, although a 
handful of birds that reach the southern North Sea coast of England might possibly originate 
from Scandinavia as well as from Scotland. The biogeographic population with connectivity 
to UK waters can be defined as the populations of the UK and Ireland, a total of 28,200 
pairs, so 56,400 adults plus 74,000 immatures. This indicates a total of 130,000 birds. 
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Figure 23.2. Breeding population origins of black guillemots in UK waters during migrations 
and winter. Estimated numbers of breeding pairs in each population are given. Base map 
from OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors.  
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Figure 23.3. Main movements of black guillemots from UK breeding areas (red arrows) and 
from overseas populations (blue arrows) into UK waters during post-breeding 
dispersal/migration. Arrows imply general patterns of movement and should not be taken 
literally as indicating exact routes or exact starting and end points. Similarly, small numbers 
of birds occur in areas not marked by arrows and some birds may move in different 
directions from those broad patterns indicated. Movements probably tend to follow coastlines 
and arrows that cross land do not imply overland migration routes. As far as is known, spring 
return migration represents a reversal of the pattern shown in this figure. 
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Figure 23.4. Trend in the black guillemot breeding population index in Scotland from 1986-
2012. Data from JNCC seabird population monitoring database. 


23.9 Proportion of UK population from UK breeding MPAs 
There are no SPAs in the UK with black guillemot designated as a feature, since this species 
does not qualify as a migratory species. However, a number of sites are being considered 
for designation as Marine Protected Areas in Scottish waters with black guillemot as a 
designated feature. These include Clyde Sea Sill pMPA (>400 birds), East Caithness Cliffs 
pMPA (1,500 birds), Fetlar to Haroldswick pMPA (>2,000 birds), Monach Isles pMPA (820 
birds), Papa Westray pMPA (>400 birds), and Small Isles pMPA (1,200 birds). These 
populations together sum to about 6,000 birds, so represent somewhere around 16% of the 
UK population.  


23.10 BDMPS 
Occasional birds that disperse exceptionally large distances (in this case exceptionally large 
means more than about 10-15 km) can be considered as truly exceptional. Since UK black 
guillemots only rarely move more than a maximum of 15 km from their natal site throughout 
their lifetime, almost all birds will have connectivity only with sites that are within about a 20 
km radius. This allows a BDMPS to be defined as those birds found within 20 km of a 
specific site.  


23.11 Proportions of UK MPA birds in BDMPS 
This proportion will be zero for all locations except those that lie at least in part within 20 km 
of one of the six pMPA populations (recognising that the black guillemot feature in those 
pMPAs is not necessarily distributed throughout the boundary of that pMPA but may be 
found only in a small part of the pMPA if that is designated for multiple features rather than 
just for black guillemot). 


23.12 Spatial distribution of UK MPA birds across the BDMPS 
Within areas that overlap in their 20 km distance envelope with a pMPA black guillemot 
feature, the spatial distribution of MPA birds within the BDMPS is likely to be highly 
aggregated at the pMPA site.  
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24. ATLANTIC PUFFIN Fratercula arctica 
 Biogeographic population 


with connectivity to UK 
waters (adults and immatures) 


Numbers in UK waters in non-
breeding season (mid-August to 
March) (adults and immatures)  


Overseas 9,470,000 188,586 


UK 2,370,000 347,928 


Total 11,840,000 536,514 


 


 Total number of 
birds in BDMPS 
(adults plus 
immatures) 


Number from 
overseas 
populations 
(adults plus 
immatures) 


Number from UK 
population (adults 
plus immatures) 


Non-breeding season 
BDMPS (mid-August to 
March) 


   


UK North Sea and Channel 231,957 69,896 162,061 


UK Western waters 304,557 118,690 185,867 


 
Puffins are especially difficult to census because they are burrow-nesters and many of the 
very large colonies are partly or completely inaccessible, or in habitat where burrows cannot 
be identified (e.g. cliff fissures and boulder fields). Numbers of puffins are sometimes 
censused by counting birds on the colony surface, but such numbers fluctuate dramatically 
from hour to hour, day to day, and through the summer. As a result, the sizes of many puffin 
breeding populations are only very approximately known. This results in colour coding the 
estimated biogeographic population size as red. Puffins are also particularly difficult to count 
at sea because thyey are small, dark, spend much time underwater, and tend to dive as 
boats approach. So at sea surveys apparently underestimate puffin numbers. They disperse 
over huge areas of ocean at low densities. In addition, although large numbers have been 
ringed, the ring recovery rate is especially low, and probably presents a highly biased picture 
of where puffins die, never mind where they live during the non-breeding period. For all 
these reasons, the estimation of numbers of puffins in BDMPS populations is especially 
uncertain, so is coded red. There have been a few small projects deploying geolocators on 
breeding adult puffins which do provide some insights into their movements in the non-
breeding season. Those studies found results that are rather divergent from the picture 
based on ring recovery data and at sea studies, and suggest that puffin migrations may well 
be changing over time in response to population density and food resources, but may also 
indicate large variations in behaviour between colonies, or between years. Much more 
deployment of geolocators, including at colonies of overseas populations would be 
necessary to provide higher confidence in puffin BDMPS population sizes and geographic 
distributions. 


Calculations on which these summary tables are based, and contributions of 
individual SPA populations to each BDMPS, are tabulated in Appendix A Tables 68 
and 69. 
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24.1 Breeding range and taxa 
The Atlantic puffin has been split into three subspecies, nominate arctica in Iceland, north 
Norway, east Canada and most of Greenland, naumanni in the far north of Greenland and in 
Svalbard, and grabae in Faroe, Britain, Ireland, and southwest Norway (Wernham et al. 
2002). However, the validity of these subspecies has been challenged and it is often treated 
as a monotypic species (e.g. Forrester et al. 2007). There is very considerable clinal 
variation in size, with birds from northern colonies very much larger (Barrett et al. 1985; 
Harris and Wanless 2011 Appendix 1). Birds from the Channel Islands have a mean wing 
length of 157.9 mm, while birds from Hornøya north Norway have a mean winglength of 
177.6 mm and those from Spitsbergen a mean winglength over 184 mm. Such biometric 
variation could potentially be used to assess origins of birds sampled in winter. However, this 
could be complicated at a local scale where there can be significant differences in biometrics 
between colonies at similar latitudes. For example, puffins from St Kilda (winglength 158.2 
mm) are significantly smaller than puffins from SE Scotland (winglength 161.8 mm).  


24.2 Non-breeding component of the population 
According to the BTO, Atlantic puffins start to breed when 5 years old (BTO Birdfacts; source 
of data not presented), and this value was initially used in the model, although Harris and 
Wanless (2011) found that the median age of first breeding on the Isle of May was at 7 years 
old. Adult survival rate is 0.924 (BTO Birdfacts; Harris et al. 1997), juvenile survival unknown 
(BTO Birdfacts) and mean productivity is 0.67 chicks per pair (JNCC database, n=94 
measurements). Harris and Wanless (2011) point out that adult survival rate varied in the 
Isle of May population from high levels around 0.97 in the 1970s to about 0.9 in the 2000s, 
so adult survival is not a species-specific constant but is affected by environmental 
conditions. Survival rates of adults have been estimated at 0.93 in Skomer, 0.935 in Isle of 
May, Fair Isle, Rost and Hornoya (Harris and Wanless 2011). To obtain a stable population 
for a model based on the BTO data summaries, survival of adults was set at 0.924, survival 
of immatures was adjusted to 0.56 for juveniles, 0.66 for 1-year olds, 0.75 for 2-year olds, 
0.9 for 3-year olds and 0.91 for 4-year olds. The model population comprised 55% adults, 
18% juveniles and 27% older immatures. There are 0.82 immatures per adult. However, 
altering the age of first breeding to 7 years but retaining adult survival as 0.924 generates a 
model population with 1.08 immatures per adult. For the population based on Isle of May 
demographic data (taking average adult survival as 0.93 and age of first breeding as 7 
years) there are 1.04 immatures per adult. This last scenario seems to be the most 
appropriate from these alternatives.  


24.3 Phenology 
Breeding colonies in the UK are deserted around mid-August, with modal departure in mid-
July to early August (Pennington et al. 2004; Brown and Grice 2005; Forrester et al. 2007). 
Autumn dispersal/migration starts in early July (Forrester et al. 2007), late July (Pennington 
et al. 2004) or early August (Cramp et al. 1977-94; Wernham et al. 2002). Peak autumn 
migration occurs in late July (Forrester et al. 2007), early August (Pennington et al. 2004; 
Brown and Grice 2005), August (Wernham et al. 2002), or September-November throughout 
Europe (Cramp et al. 1977-94). Peak rate of change in numbers observed in autumn at 
Trektellen seawatching UK sites (predominantly in south and east England) occurred in July-
early August, suggesting dispersal away from the coast in that period (Figure 24.1). Autumn 
migration is completed by August (Forrester et al. 2007), late-August (Wernham et al. 2002; 
Pennington et al. 2007) or December when considering the entire North Atlantic range 
(Cramp et al. 1977-94).  
 
Spring migration starts in January (Cramp et al. 1977-94), February (Wernham et al. 2002; 
Forrester et al. 2007) or March in Shetland (Pennington et al. 2004). Peak spring migration 
occurs in February (Cramp et al. 1977-94), in March (Forrester et al. 2007), in March-April 
(Wernham et al. 2002) or in Shetland in mid-April (Pennington et al. 2004). Increase in 
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numbers observed in spring at Trektellen seawatching UK sites (predominantly in south and 
east England) occurred in March-April (Figure 24.1). Spring migration is completed by March 
(Cramp et al. 1977-94), April (Wernham et al. 2002; Forrester et al. 2007) or May in Shetland 
(Pennington et al. 2004).  
 
The first spring records of Atlantic puffin in Shetland, Fair Isle, Orkney, and Argyll Bird 
Reports for 2007 to 2012 were from January to 24 April, but mostly in February or March, 
and the last records were from 23 August to 23 December, but mostly in October. Peak 
autumn migration was reported in July or August in most years, and peak spring migration 
was reported in April in most years. Birds re-occupy colonies from late February to late 
March, with modal return in March to mid-April (Pennington et al. 2004; Brown and Grice 
2005; Forrester et al. 2007). 
 


Figure 24.1. Average numbers of Atlantic puffins counted per hour at migration sites in the 
UK (which are mostly in south or east England). Data from Trektellen database accessed 
from the internet in January 2014. 
 
Kober et al. (2010) defined breeding season as April-June, non-breeding season August-
March. However, from the data reviewed above, a more appropriate definition would be 
breeding season April-early August, non-breeding season mid August-March. 


24.4 Defined seasons: 
• UK Breeding season     April-early August 
• Post-breeding migration in UK waters  late July-August 
• non-breeding season     mid-August-March (non-breeding 


BDMPS) 
• Return migration through UK waters   March-April 
• Migration-free breeding season  May-June 
• Migration-free winter season   September-February 


Apart from the breeding season, one seasonal BDMPS period is considered to be 
appropriate for Atlantic puffin: 


Non-breeding season BDMPS (mid-August to March). 
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24.5 Movements of birds from the UK population 
All puffins leave UK colonies and the immediately adjacent sea area by late August 
(Wernham et al. 2002; Harris and Wanless 2011). Birds apparently migrate rapidly away 
from breeding areas, fledglings travelling independently of adults (Harris and Wanless 2011). 
It used to be thought that adults undergo moult of flight feathers in mid-winter rather than 
immediately after chicks fledge (Harris and Yule 1977), although flightlessness in puffins due 
to moult has been found in all months between September and April (Harris and Wanless 
2011). Recent data suggest that most adult puffins become flightless due to moult in 
October-November, and have generally completed renewal of primaries by December 
(Harris and Wanless 2011). The youngest age-classes of immature puffins apparently moult 
primaries in summer rather than in winter but details of how moult changes with age are 
rather unclear (Harris and Wanless 2011). Autumn migration takes puffins into the open sea 
or ocean, where they spread out thinly over huge areas. Ring recoveries come from Faroe 
and southern Norway to north Africa, from the western Mediterranean Sea to Newfoundland. 
It is thought that many puffins from UK colonies overwinter in the central North Atlantic 
(Wernham et al. 2002), although there is little evidence on this from ringing (Harris and 
Wanless 2011). All the ring recoveries of British puffins from Canadian waters were from 
juveniles. No adults are known from ringing to have wintered in the western North Atlantic 
(Wernham et al. 2002). However, geolocation data loggers deployed on breeding puffins at a 
colony in SW Ireland showed that most of these birds went to the Newfoundland-Labrador 
Shelf and remained there during August-September, moving in October back to the mid-
Atlantic (Jessopp et al. 2013). This was interpreted as a strategy to exploit the abundant 
stock of capelin in Newfoundland waters in late summer which is seasonally concentrated in 
that area. That stock is the main food of puffins from local Newfoundland colonies in late 
summer (Hedd et al. 2010). It is possible that puffins from many colonies in the British Isles 
show this migration pattern, but Jessopp et al. (2013) also suggest the possibility that this 
might be a feature of the particular colony they studied rather than a widespread general 
pattern. Deployment of geolocators on breeding adult puffins at a colony in Wales (Guilford 
et al. 2011) also showed very rapid movement of birds westwards in August, with median 
positions of individuals in August from the Bay of Biscay to Newfoundland, but with most 
birds in an area between Newfoundland and waters south of Iceland. By October, median 
positions had moved to a large area between north of Iceland and west of Scotland, and by 
February birds were distributed widely, but much further south in an area from west of 
Scotland to the western Mediterranean (see figure 1 in Guilford et al. 2009). This suggests 
that an early migration to Newfoundland-Labrador in August may be typical for many adult 
puffins from British colonies, but that birds only stay in that area for a few weeks before 
moving eastwards, then southwards during the early winter. Guilford et al. (2009) suggest 
(speculatively) that this long distance but predominantly dispersive migration of puffins may 
be an exploratory response, rather than being based on genetic inheritance of compass 
instructions or cultural inheritance of traditional routes, since birds from their study colony 
became so widely dispersed over large areas that it is difficult to see how this would be 
under genetic control. Abundance of capelin in Newfoundland-Labrador waters varies 
enormously over the years as this is a short-lived fish which is affected by climate, and by 
abundance of predatory fish (especially cod) (Davoren and Montevecchi 2003; Gaston et al. 
2010), so the extent to which puffins from British colonies visit Newfoundland-Labrador 
waters to exploit capelin in late summer may vary over years/decades as the biomass of this 
stock fluctuates. Ring recoveries had suggested that puffins from colonies in NE England 
and SE Scotland winter predominantly within the North Sea, with very few of those birds 
passing through the English Channel, so possibly those birds do not cross the Atlantic in the 
way that birds from SW Ireland and Wales have been shown to do. It had been suggested 
that a slight increase in numbers from North Sea colonies reaching France may reflect the 
increase in population size at UK North Sea colonies and so increased competition for food 
(Harris 1984). However, deployment of geolocators on breeding adult puffins at the Isle of 
May indicated that in August-December 2007 about one-third of these birds moved into the 
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east Atlantic, mostly off west Scotland and SW Ireland, rather than remaining in the North 
Sea, while most birds were distributed throughout the NW North Sea (Harris et al. 2010; 
2013). This was interpreted by Harris et al. (2010) as supporting evidence from ringing that 
an increasing proportion of North Sea puffins were moving beyond the North Sea in 
response to increased population size and deteriorating conditions in the North Sea. A 
further deployment of geolocators on breeding adult puffins at the Isle of May in 2009 
showed similar results. Interestingly, puffin survival was very poor in 2007-08 but was high in 
2009-10, yet the distributions of birds overwinter in these two winters were very similar. 
Moving out of the North Sea into the Atlantic does not seem to correlate with over-winter 
survival. The geolocator data do suggest, however, that there may be substantial mixing of 
puffins from east and west Britain in waters west of Britain and Ireland in winter, though 
probably very few, if any, puffins from western colonies enter the North Sea to mix with local 
birds there (Harris and Wanless 2011). As with most other seabirds, ring recoveries indicate 
that young birds tend to travel further (south and west) from their colonies than do adults, 
although in the case of the puffin, the non-breeding range is not dramatically different 
between juveniles and adults (Wernham et al. 2002; Harris and Wanless 2011). In east 
Scotland, adult puffins may return to the colony in late February or March (Harris and 
Wanless 2011 Appendix 3), but elsewhere in the UK adults tend to return to colonies in late 
March or April (Wernham et al. 2002; see also Harris and Wanless 2011 Appendix 4 for 
Skokholm, Wales). Studies on the Isle of May indicate that about 50% of puffins reared there 
recruited back into that colony while 50% emigrated to breed elsewhere; birds ringed as 
chicks on the Isle of May have been found breeding in colonies all around the British Isles 
(Wernham et al. 2002). As immatures, puffins may visit several colonies before deciding 
where to settle to breed. These prospecting movements can take immatures to colonies 
hundreds of kilometres apart during the breeding season, although once a puffin has bred, 
which usually occurs first when 5 to 7 years old, they then remain highly faithful to their 
breeding site (Harris and Wanless 2011).  


24.6 Movements of birds from overseas into UK waters 
A total of 21 puffins ringed abroad have been recovered in the British Isles, 15 from Norway, 
one from Faroe, and 5 from France (Wernham et al. 2002). The one recovery of a puffin 
from Faroe was one of only four Faroese puffins recovered away from those islands, the 
others being found in France, Iceland and Greenland. So details of the migrations of 
Faroese puffins are unclear (Hammer et al. 2013). Although no Icelandic-ringed puffins have 
been recovered in the British Isles, three have been recovered in Faroe (Hammer et al. 
2013) so it is reasonable to infer that some Icelandic puffins might visit UK waters during 
migration or winter. However, Petersen (1982, 1998) considered that SW Icelandic puffin 
adults most likely winter between Iceland, Greenland and Newfoundland, while those from N 
and E Iceland may winter from Iceland towards Norway and Faroe; there is therefore no 
reason to think that Icelandic puffins migrate through, or overwinter in, UK waters. According 
to Anker-Nilssen et al. (2000), puffins ringed in northern Norway (Barents Sea colonies) 
have been reported in winter from Iceland, Greenland and Newfoundland, but most 
recoveries have come from the southern part of the Norwegian Sea, especially around the 
Faroes, and in the northern part of the North Sea. However, it may be inappropriate to infer 
that larger numbers of recoveries in the Norwegian and North Sea imply that more puffins 
winter there than in the west Atlantic, since the probability of a bird being recovered may be 
dramatically different between these regions. Satellite tracking of five adult puffins 
immediately after breeding on Røst, Norway, showed all of those birds moving northwards 
into the Barents Sea, where densities of puffins in late summer are known to be very high 
(Anker-Nilssen and Aarvak 2009), suggesting that puffins from Norwegian colonies mainly 
disperse northwards post-breeding before moving westwards into the northern North 
Atlantic. Ringing data indicate that juvenile puffins from Norway are more likely to be 
recovered in the west Atlantic than are adults (Harris and Wanless 2011), but this may in 
part reflect differences in mortality risk rather than just differences in distribution between 
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age classes. Measurements of 98 puffins collected from beaches during a wreck in Shetland 
in winter 1990-91 indicated that almost all of those birds originated from colonies around the 
North Sea, with all age classes similarly affected; only two first-winter birds in that sample 
had wing lengths suggesting they came from the far north (Harris et al. 1991; Pennington et 
al. 2004).  


24.7 Numbers in UK waters 
Harris and Wanless (2011) report densities of puffins at sea in winter in the North Sea as 
around one bird per 20 km2 and one bird per 5-10 km2 in areas of the North Sea where 
puffins are seen regularly. European Seabirds at Sea (ESAS) data indicate a similar density 
in winter in waters to the west and northwest of Scotland, but somewhat lower density in 
waters SW of Scotland and west of Ireland, in the SE North Sea, and in the Irish and Celtic 
Seas (Harris and Wanless 2011). Although puffin distribution at sea in the North Sea during 
the breeding season reflects the distribution of colonies, birds quickly move away from 
colony areas in August, and form concentrations about 50 km offshore off south-east 
Scotland or north-east England (Harris and Wanless 2011). This concentration persists 
through September, but densities then decline slightly, until February-March when puffins 
move back to breeding sites (Harris and Wanless 2011). Fauchald and Tveraa (2009) 
estimated that between November and March, total numbers of puffins were 29,000 in the 
North Sea, 103,000 in the Norwegian Sea, and 31,000 in the Barents Sea. However, Harris 
and Wanless (2011) point out that if 75% of puffins from North Sea colonies are in the North 
Sea by January, as suggested by geolocator data from Isle of May puffins, then there should 
be at least 200,000 puffins in the North Sea at that time, rather than the 29,000 estimated by 
Fauchald and Tveraa (2009) based on the ESAS data. Harris and Wanless (2011) suggest 
that ESAS data may detect only about 20% or fewer of the puffins that are present, so that 
at-sea survey data seriously underestimate numbers of puffins dispersed over large areas of 
sea and ocean.  


24.8 Biogeographic population 
Stroud et al. (2001) defined the biogeographic breeding population as that of the subspecies 
grabae population, comprising 901,000 pairs. However, the validity of that subspecies is 
questionable. Mitchell et al. (2004) provided an estimate of the population of the subspecies 
arcticus (including birds of the supposed form grabae) as 5,500,000-6,600,000 pairs. Kober 
et al. (2010) presented an estimated biogeographic population of 13,500,000 individuals 
based on the appropriate biogeographic population being the subspecies arcticus. The 
biogeographic population with connectivity to UK waters includes populations from UK, 
Norway, Faroe, Ireland and France. These sum to 11,840,000 birds (adults and immatures) 
with 2,370,000 from UK and 9,470,000 from overseas populations. Total numbers in UK 
waters in the non-breeding season sum to an estimated 537,000 birds, 348,000 from the UK 
population and 189,000 from overseas populations, as most of the UK population moves 
rapidly out into the open North Atlantic across to Canada and southern Greenland rather 
than spending the non-breeding period in UK waters. However, we can have very little 
confidence in the accuracy of these estimates, and true totals may be very considerably 
different from these estimates. It does appear, however, that numbers present in UK waters 
in the non-breeding season are very small compared to the size of the biogeographic 
population. 
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Figure 24.2. Breeding population origins of puffins in UK waters during migrations and 
winter. Estimated numbers of breeding pairs in each population are given. Base map from 
OpenStreetMap www.openstreetmap.org ©OpenStreetMap contributors.  
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Figure 24.3. Main movements of puffins from UK breeding areas (red arrows) and from 
overseas populations (blue arrows) into UK waters during post-breeding dispersal/migration. 
Arrows imply general patterns of movement and should not be taken literally as indicating 
exact routes or exact starting and end points. Similarly, small numbers of birds occur in 
areas not marked by arrows and some birds may move in different directions from those 
broad patterns indicated. Movements probably tend to follow coastlines and arrows that 
cross land do not imply overland migration routes. As far as is known, spring return migration 
represents a reversal of the pattern shown in this figure. 


24.9 Proportion of UK population from UK breeding SPAs 
The 21 SPAs with breeding Atlantic puffins as a feature together held 470,284 pairs at 
designation, estimated to represent ca. 100% of the British breeding population and ca. 12% 
of the all-Ireland breeding population (Stroud et al. 2001). Based on survey data from 1997-
2010, Stroud et al. (2014) estimated that the British SPA suite for puffin held 85.4% of the 
population, while the single SPA in Northern Ireland held 3.5% of the all-Ireland population.  
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Figure 24.4. UK SPA suite for Atlantic puffin. These SPA populations are listed in Table 
24.1. 
 
Table 24.1. The UK SPA suite for breeding puffins. 
SPA Location Pairs 


(or 
birds) 


Year 
desig-
nated 


Site 
Condition 
Monitoring* 


Recent 
count 
(pairs) 


Year Reference 


UK North Sea & Channel 


Hermaness, 
Saxavord & 
Valla 


Shetland 25,400 1994 Maintained 
2002 


28,300 
23,661 


1997 
2002 


Lewis et al. 
2012 
Lewis et al. 
2012 


Foula Shetland 48,000 
(1987) 


1995 Declined 
2007 


22,500 2000 SMP database 


Noss Shetland 2,348 1996 Declined 
2007 


1,927 
900 
802 


2006 
2007 
2007 


SMP database 
Lewis et al. 
2012 
Stroud et al. 
2014 
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Fair Isle Shetland 8,700 1994 Declined 


2009 
20,244 
42,500 
42,000 
80,000 
54,000 
16,700 
7,278 
10,706 


1986 
1989 
1995 
2000 
2001 
2007 
2009 
2012 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


Hoy Orkney 3,500 2000 Declined 
2004 


No 
recent 
count 


 No data in SMP 


North 
Caithness 
Cliffs 


N 
Scotland 


(1,750) 
(1985-
1986) 
 in 
Stroud 
et al. 
2001 
but is 
not 
accurate 


1996 Maintained 
2000 


976 
7,045 


2000 
1999-
2000 


SMP database 
Stroud et al. 
2014 


East 
Caithness 
Cliffs 


N 
Scotland 


(1,750) 
(1985-
86 ) in 
Stroud 
et al. 
2001 
but is 
not 
accurate 


1996 Maintained 
1999 


274 1999 SMP database 


Forth Islands E 
Scotland 


14,000 
(1985) 
Or 
21,000 
(Stroud 
et al. 
2001) 


1990 Maintained 
2003 


21,000 
62,500 
83,000 
50,500 
62,231 


1992 
1998 
2003 
2009 
2008-
2010 


SMP database 
SMP database 
SMP database 
SMP database 
Stroud et al. 
2014 


Farne Islands NE 
England 


34,710 
(1993) 


1985  55,674 
36,835 
39,962 


2003 
2008 
2013 


SMP database 
SMP database 
SMP database 


Coquet Island NE 
England 


11,400 
(1995) 


1985  12,075 
19,374 
15,812 
12,344 


2004 
2008 
2009 
2013 


SMP database 
SMP database 
SMP database 
SMP database 


Flamborough 
Head & 
Bempton 


E 
England 


3,473 1993  2,615 
958 


2000 
2008 


SMP database 
SMP database 


UK Western waters 


Cape Wrath NW 
Scotland 


5,900 1996 Declined 
2000 


1,602 2000 SMP database 


North Rona 
and Sula Sgeir 


N 
Scotland 


5,250 2001 No change 
2012 


5,442 2001 Mitchell et al. 
2004 


Sule Skerry 
and Sule 
Stack 


N 
Scotland 


43,380 
(1993) 


1994 Maintained 
1998 


59,471 1998 Seabird2000 


St Kilda Western 
Isles 


155,000 
(1989) 


1992 Maintained 
2000 


142,264 2000 Seabird2000 


Shiant Isles Western 
Isles 


76,100 
(1970) 


1992 Maintained 
1999 


65,170 2000 Seabird2000 


  279 | P a g e  
 







 


 
Flannan Isles Western 


Isles 
5,500 1992 Maintained 


1999 
15,600 1998or 


2001 
SMP database 


Canna and 
Sanday 


W 
Scotland 


1,225 1998 Maintained 
1999 


945 1999 SMP database 


Mingulay and 
Berneray 


Western 
Isles 


4,000 1994 Maintained 
2009 


8,406 
3,126 


2003 
2009 


SMP database 
SMP database 


Rathlin Island N Ireland 2,398 
(1985) 


1999  1,579 
731 
695 


1999 
2007 
2011 


SMP database 
SMP database 
SMP database 


Skomer and 
Skokholm 


Wales 9,500 
(mid-
1980s) 


1982  12,706 
14,996 
15,227 
15,678 
16,721 
16,134 
24,114 


2003 
2004 
2005 
2006 
2007 
2012 
2013 


SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 
SMP database 


*Site Condition Monitoring data are taken from SNH Sitelink web entries for each SPA in 
Scotland. These data indicate the most recent formal assessment of the status of the 
designated feature. 


24.10 BDMPS 
UK birds from North Sea colonies mostly remain in winter in the North Sea, whereas western 
populations disperse across the North Atlantic. It is therefore appropriate to define two 
spatial BDMPS for puffin; UK North Sea and Channel waters, and UK western waters. 
Autumn dispersal is very rapid, so a single non-breeding season seems appropriate to 
consider, as many birds departing at the end of the breeding season spend very little time in 
UK waters so do not contribute to the BDMPS. 
 
Apportioning of numbers from SPA populations, non-SPA colonies and from overseas 
populations is presented in Appendix A Tables 68 and 69.  
 
Based on evidence reviewed in sections 24.5, 24.6 and 24.7, the UK North Sea and 
Channel non-breeding season BDMPS is estimated to hold 15% of adults and 2% of 
immatures from colonies in Shetland, Orkney and Caithness, 50% of adults and 2% of 
immatures from colonies on the east coast of the UK from Invernessshire to Humberside, 
0.1% of adults and immatures from colonies in UK western waters, 0.1% of adults and 0.3% 
of immatures from Norway, 4% of adults and 1% of immatures from Faroe, no birds from 
Ireland, 5% of adults and 2% of immatures from France (Appendix A Table 68). These 
proportions result in an estimated non-breeding season BDMPS population of 231,957 birds, 
with 162,061 from the UK and 69,896 from overseas populations. 
 
Based on evidence reviewed in sections 24.5, 24.6 and 24.7, the UK western waters non-
breeding season BDMPS is estimated to hold 8% of adults and 2% of immatures from 
colonies in Shetland, Orkney and Caithness, 7% of adults and 2% of immatures from 
colonies on the east coast of the UK from Invernessshire to Humberside, 18% of adults and 
2% of immatures from colonies in UK western waters, 0.2% of adults and 0.1% of immatures 
from Norway, 7% of adults and 2% of immatures from Faroe, 10% of birds from Ireland, 1% 
of birds from France (Appendix A Table 69). These proportions result in an estimated non-
breeding season BDMPS population of 304,557 birds, with 185,867 from the UK and 
118,690 from overseas populations. 
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Figure 21.8. Two defined BDMPS spatial areas for Atlantic puffin: ‘UK North Sea waters and 
Channel’ and ‘UK Western waters’. 


24.11 Proportions of UK SPA birds in BDMPS 
Proportions of birds that are adults from UK SPA colonies in each BDMPS can be estimated 
directly from the data in Appendix A Tables 68 and 69. For example, in the UK North Sea 
and Channel BDMPS (231,957 birds) there are estimated to be 134,858 adults from SPA 
colonies, so these represent 58% of the total birds present. 


24.12 Spatial distribution of UK breeding SPA birds across the BDMPS 
Given apparent high mobility of puffins, their long and rapid migrations, UK SPA birds at sea 
in UK waters are likely to be well mixed with birds from non-SPA colonies and from 
overseas.  
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26. APPENDIX A.Contributions of individual SPA populations and of UK non-SPA populations and overseas populations to each BDMPS 
 
Table 1. BDMPS for red-throated diver in winter season (December and January) in ‘NW North Sea’ area. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in NW 
North Sea 
waters in 
winter 


Proportion 
immatures in 
NW North Sea 
waters in winter 


NW N Sea 
Number 
adults 


NW N Sea 
Number 
immatures 


NW N Sea 
Total 
birds 


Greenland 1990s 1000 2000 1480 0.05 0.05 100 74 174 
Fennoscandia 1990s 5500 11000 8140 0.01 0.01 110 81 191 
Hermaness, Saxavord 2013 16 32 24 0.5 0.2 16 5 21 
Otterswick & Graveland 2006 25 50 37 0.5 0.2 25 7 32 
Ronas Hill, North Roe 2006 50 100 74 0.5 0.2 50 15 65 
Foula 2013 12 24 18 0.5 0.2 12 4 16 
Orkney Mainland Moors 2007 28 56 41 0.5 0.2 28 8 36 
Hoy 2007 60 120 89 0.5 0.2 60 18 78 
Caithness & Sutherland 2006 46 92 68 0.5 0.2 46 14 60 
Non-SPA UK North Sea 2005 600 1200 888 0.5 0.2 600 178 778 
Lewis Peatlands 2006 80 160 118 0.05 0.05 8 6 14 
Mointeach Scadabhaigh 2006 17 34 25 0.05 0.05 2 1 3 
Rum 2013 11 22 16 0.05 0.05 1 1 2 
Non-SPA UK western 2005 310 620 459 0.05 0.05 31 23 54 
          
Overseas birds       210 155 365 
UK birds       879 279 1,158 
Total       1,089 434 1,523 
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Table 2. BDMPS for red-throated diver in winter season (December and January) in ‘SW North Sea’ area. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in SW 
North Sea 
waters in 
winter 


Proportion of 
immatures in 
SW North Sea 
waters in winter 


SW N Sea 
Number 
adults 


SW N Sea 
Number 
immatures 


SW N Sea 
Total 
birds 


Greenland 1990s 1000 2000 1480 0.02 0.05 40 74 114 
Fennoscandia 1990s 5500 11000 8140 0.4 0.6 4400 4884 9284 
Hermaness, Saxavord 2013 16 32 24 0.2 0.3 6 7 14 
Otterswick & Graveland 2006 25 50 37 0.2 0.3 10 11 21 
Ronas Hill, North Roe 2006 50 100 74 0.2 0.3 20 22 42 
Foula 2013 12 24 18 0.2 0.3 4.8 5 10 
Orkney Mainland Moors 2007 28 56 41 0.2 0.3 11 12 24 
Hoy 2007 60 120 89 0.2 0.3 24 27 51 
Caithness & Sutherland 2006 46 92 68 0.2 0.3 18 20 39 
Non-SPA UK North Sea 2005 600 1200 888 0.2 0.3 240 266 506 
Lewis Peatlands 2006 80 160 118 0.05 0.05 8 6 14 
Mointeach Scadabhaigh 2006 17 34 25 0.05 0.05 2 1 3 
Rum 2013 11 22 16 0.05 0.05 1 1 2 
Non-SPA UK western 2005 310 620 459 0.05 0.05 31 23 54 
          
Overseas birds       4,440 4,958 9,398 
UK birds       377 403 779 
Total       4,817 5,361 10,177 
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Table 3. BDMPS for red-throated diver in winter season (December and January) in ‘West of Scotland’ area. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in West 
of Scotland 
waters in 
winter 


Proportion 
immatures in 
West of 
Scotland waters 
in winter 


West of 
Scotland 
Number 
adults 


West of 
Scotland 
Number 
immatures 


West of 
Scotland 
Total birds 


Greenland 1990s 1000 2000 1480 0.02 0.05 40 74 114 
Fennoscandia 1990s 5500 11000 8140 0 0.01 0 81 81 
Hermaness, Saxavord 2013 16 32 24 0.05 0.1 2 2 4 
Otterswick & Graveland 2006 25 50 37 0.05 0.1 2 4 6 
Ronas Hill, North Roe 2006 50 100 74 0.05 0.1 5 7 12 
Foula 2013 12 24 18 0.05 0.1 1 2 3 
Orkney Mainland Moors 2007 28 56 41 0.05 0.1 3 4 7 
Hoy 2007 60 120 89 0.05 0.1 6 9 15 
Caithness & Sutherland 2006 46 92 68 0.05 0.1 5 7 11 
Non-SPA UK North Sea 2005 600 1200 888 0.05 0.1 60 89 149 
Lewis Peatlands 2006 80 160 118 0.4 0.2 64 24 88 
Mointeach Scadabhaigh 2006 17 34 25 0.4 0.2 14 5 19 
Rum 2013 11 22 16 0.4 0.2 9 3 12 
Non-SPA UK western 2005 310 620 459 0.4 0.2 248 92 340 
          
Overseas birds       40 155 195 
UK birds       418 248 666 
Total       458 403 861 
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Table 4. BDMPS for red-throated diver in winter season (December and January) in ‘NW England and Wales’ area. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in NW E 
& Wales in 
winter 


Proportion 
immatures in 
NW E & Wales in 
winter 


NW E & 
Wales 
Number 
adults 


NW E & 
Wales 
Number 
immatures 


NW E & 
Wales 
Total 
birds 


Greenland 1990s 1000 2000 1480 0.1 0.3 200 444 644 
Fennoscandia 1990s 5500 11000 8140 0.02 0.05 220 407 627 
Hermaness, Saxavord 2013 16 32 24 0.02 0.05 1 1 2 
Otterswick & Graveland 2006 25 50 37 0.02 0.05 1 2 3 
Ronas Hill, North Roe 2006 50 100 74 0.02 0.05 2 4 6 
Foula 2013 12 24 18 0.02 0.05 0 1 1 
Orkney Mainland Moors 2007 28 56 41 0.02 0.05 1 2 3 
Hoy 2007 60 120 89 0.02 0.05 2 4 7 
Caithness & Sutherland 2006 46 92 68 0.02 0.05 2 3 5 
Non-SPA UK North Sea 2005 600 1200 888 0.02 0.05 24 44 68 
Lewis Peatlands 2006 80 160 118 0.2 0.2 32 24 56 
Mointeach Scadabhaigh 2006 17 34 25 0.2 0.2 7 5 12 
Rum 2013 11 22 16 0.2 0.2 4 3 8 
Non-SPA UK western 2005 310 620 459 0.2 0.2 124 92 216 
          
Overseas birds       420 851 1,271 
UK birds       201 186 386 
Total       621 1,037 1,657 
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Table 5. BDMPS for red-throated diver in winter season (December and January) in ‘SW England and Channel’ area. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in SW E 
& Channel in 
winter 


Proportion 
immatures in 
SW E & Channel 
in winter 


SW E & 
Channel 
Number 
adults 


SW E & 
Channel 
Number 
immatures 


SW E & 
Channel 
Total birds 


Greenland 1990s 1000 2000 1480 0.1 0.2 200 296 496 
Fennoscandia 1990s 5500 11000 8140 0.01 0.03 110 244 354 
Hermaness, Saxavord 2013 16 32 24 0.02 0.05 1 1 2 
Otterswick & Graveland 2006 25 50 37 0.02 0.05 1 2 3 
Ronas Hill, North Roe 2006 50 100 74 0.02 0.05 2 4 6 
Foula 2013 12 24 18 0.02 0.05 0 1 1 
Orkney Mainland Moors 2007 28 56 41 0.02 0.05 1 2 3 
Hoy 2007 60 120 89 0.02 0.05 2 4 7 
Caithness & Sutherland 2006 46 92 68 0.02 0.05 2 3 5 
Non-SPA UK North Sea 2005 600 1200 888 0.02 0.05 24 44 68 
Lewis Peatlands 2006 80 160 118 0.1 0.2 16 24 40 
Mointeach Scadabhaigh 2006 17 34 25 0.1 0.2 3 5 8 
Rum 2013 11 22 16 0.1 0.2 2 3 5 
Non-SPA UK western 2005 310 620 459 0.1 0.2 62 92 154 
          
Overseas birds       310 540 850 
UK birds       117 186 303 
Total       427 726 1,153 
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Table 6. BDMPS for red-throated diver in migration seasons (September-November and February-April) in ‘UK North Sea waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea 
waters in 
migration 
seasons 


Proportion of 
immatures in 
UK North Sea 
waters in 
migration 
seasons 


UK N Sea 
Number 
adults 


UK N Sea 
Number 
immatures 


UK N Sea 
Total 
birds 


Greenland 1990s 1000 2000 1480 0.08 0.15 160 222 382 
Fennoscandia 1990s 5500 11000 8140 0.45 0.65 4950 5291 10241 
Hermaness, Saxavord 2013 16 32 24 0.95 0.8 30 19 49 
Otterswick & Graveland 2006 25 50 37 0.95 0.8 48 30 77 
Ronas Hill, North Roe 2006 50 100 74 0.95 0.8 95 59 154 
Foula 2013 12 24 18 0.95 0.8 23 14 37 
Orkney Mainland Moors 2007 28 56 41 0.95 0.8 53 33 86 
Hoy 2007 60 120 89 0.95 0.8 114 71 185 
Caithness & Sutherland 2006 46 92 68 0.95 0.8 87 54 142 
Non-SPA UK North Sea 2005 600 1200 888 0.95 0.8 1140 710 1850 
Lewis Peatlands 2006 80 160 118 0.05 0.05 8 6 14 
Mointeach Scadabhaigh 2006 17 34 25 0.05 0.05 2 1 3 
Rum 2013 11 22 16 0.05 0.05 1 1 2 
Non-SPA UK western 2005 310 620 459 0.05 0.05 31 23 54 
          
Overseas birds       5,110 5,513 10,623 
UK birds       1,632 1,022 2,654 
Total       6,742 6,535 13,277 
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Table 7. BDMPS for red-throated diver in migration seasons (September-November and February-April) in ‘UK western waters plus Channel’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western waters 
in migration 
seasons 


Proportion of 
immatures in 
UK western 
waters & 
Channel in 
migration 
seasons 


UK 
western 
waters & 
Channel 
Number 
adults 


UK western 
waters & 
Channel 
Number 
immatures 


UK 
western 
waters & 
Channel 
Total 
birds 


Greenland 1990s 1000 2000 1480 0.25 0.6 500 888 1388 
Fennoscandia 1990s 5500 11000 8140 0.05 0.1 550 814 1364 
Hermaness, Saxavord 2013 16 32 24 0.05 0.2 2 5 6 
Otterswick & Graveland 2006 25 50 37 0.05 0.2 2 7 10 
Ronas Hill, North Roe 2006 50 100 74 0.05 0.2 5 15 20 
Foula 2013 12 24 18 0.05 0.2 1 4 5 
Orkney Mainland Moors 2007 28 56 41 0.05 0.2 3 8 11 
Hoy 2007 60 120 89 0.05 0.2 6 18 24 
Caithness & Sutherland 2006 46 92 68 0.05 0.2 5 14 18 
Non-SPA UK North Sea 2005 878 1756 1299 0.05 0.2 88 260 348 
Lewis Peatlands 2006 80 160 118 0.95 0.8 152 95 247 
Mointeach Scadabhaigh 2006 17 34 25 0.95 0.8 32 20 52 
Rum 2013 11 22 16 0.95 0.8 21 13 34 
Non-SPA UK western 2005 400 800 592 0.95 0.8 760 474 1234 
          
Overseas birds       1,050 1,702 2,752 
UK birds       878 743 1,621 
Total       1,928 2,445 4,373 
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Table 8. BDMPS for northern fulmar in winter (November) in ‘UK North Sea waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea 
waters in winter 


Proportion of 
immatures in 
UK North Sea 
waters in 
winter 


UK N Sea 
Number 
adults 


UK N Sea 
Number 
immatures 


UK N Sea 
Total birds 


Iceland 2008 1,000,000 2000000 1240000 0.01 0.02 20000 24800 44800 
Norway 1990s 386,000 772000 478640 0.01 0.02 7720 9573 17293 
Faroe 1990s 600,000 1200000 744000 0.01 0.03 12000 22320 34320 
Hermaness, Saxavord 2011 7,000 14000 8680 0.7 0.3 9800 2604 12404 
Fetlar 2000 8,912 17824 11051 0.7 0.3 12477 3315 15792 
Foula 2007 19,758 39516 24500 0.7 0.3 27661 7350 35011 
Noss 2011 5,248 10496 6508 0.7 0.3 7347 1952 9299 
Sumburgh Head 2009 233 466 289 0.7 0.3 326 87 413 
Fair Isle 2011 29,649 59298 36765 0.7 0.3 41509 11029 52538 
West Westray 2007 677 1354 839 0.7 0.3 948 252 1200 
Calf of Eday 2002 1,842 3684 2284 0.7 0.3 2579 685 3264 
Rousay 2009 1,030 2060 1277 0.7 0.3 1442 383 1825 
Hoy 2007 19,586 39172 24287 0.7 0.3 27420 7286 34706 
Copinsay 2008 1,630 3260 2021 0.7 0.3 2282 606 2888 
North Caithness Cliffs 2000 14,250 28500 17670 0.7 0.3 19950 5301 25251 
East Caithness Cliffs 1999 14,202 28404 17610 0.7 0.3 19883 5283 25166 
Buchan Ness to Collieston 2007 1,367 2734 1695 0.7 0.3 1914 509 2422 
Troup, Pennan & Lions Heads 2007 1,795 3590 2226 0.7 0.3 2513 668 3181 
Fowlsheugh 2009 193 386 239 0.7 0.3 270 72 342 
Forth Islands 2010 832 1664 1032 0.7 0.3 1165 310 1474 
Flamborough & Filey Coast 2008 878 1756 1089 0.7 0.3 1229 327 1556 
UK North Sea non-SPA 2000 129,000 258000 159960 0.7 0.3 180600 47988 228588 
Cape Wrath 2000 2,115 4230 2623 0.02 0.03 85 79 163 
Handa 2012 1,870 3740 2319 0.02 0.03 75 70 144 
Flannan Isles 1998 7,328 14656 9087 0.02 0.03 293 273 566 
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North Rona & Sula Sgeir 2012 5,000 10000 6200 0.02 0.03 200 186 386 
Shiant Isles 1999 4,387 8774 5440 0.02 0.03 175 163 339 
St Kilda 1999 66,055 132110 81908 0.02 0.03 2642 2457 5099 
Mingulay & Berneray 2009 9,046 18092 11217 0.02 0.03 362 337 698 
Rathlin Island 2011 1,518 3036 1882 0.02 0.03 61 56 117 
UK Western non-SPA 2000 97,000 194000 120280 0.02 0.03 3880 3608 7488 
          
Overseas birds       39,720 56,693 96,413 
UK birds       369,088 103,235 472,323 
Total       408,808 159,928 568,736 
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Table 9. BDMPS for northern fulmar in winter (November) in ‘UK western waters & Channel’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western waters 
& Channel in 
winter 


Proportion of 
immatures in 
UK western 
waters & 
Channel in 
winter 


UK 
western 
waters & 
Channel 
Number 
adults 


UK western 
waters & 
Channel 
Number 
immatures 


UK 
western 
waters & 
Channel 
Total birds 


Iceland 2008 1,000,000 2000000 1240000 0.01 0.02 20000 24800 44800 
Norway 1990s 386,000 772000 478640 0.01 0.02 7720 9573 17293 
Faroe 1990s 600,000 1200000 744000 0.01 0.03 12000 22320 34320 
Hermaness, Saxavord 2011 7,000 14000 8680 0.1 0.2 1400 1736 3136 
Fetlar 2000 8,912 17824 11051 0.1 0.2 1782 2210 3993 
Foula 2007 19,758 39516 24500 0.1 0.2 3952 4900 8852 
Noss 2011 5,248 10496 6508 0.1 0.2 1050 1302 2351 
Sumburgh Head 2009 233 466 289 0.1 0.2 47 58 104 
Fair Isle 2011 29,649 59298 36765 0.1 0.2 5930 7353 13283 
West Westray 2007 677 1354 839 0.1 0.2 135 168 303 
Calf of Eday 2002 1,842 3684 2284 0.1 0.2 368 457 825 
Rousay 2009 1,030 2060 1277 0.1 0.2 206 255 461 
Hoy 2007 19,586 39172 24287 0.1 0.2 3917 4857 8775 
Copinsay 2008 1,630 3260 2021 0.1 0.2 326 404 730 
North Caithness Cliffs 2000 14,250 28500 17670 0.1 0.2 2850 3534 6384 
East Caithness Cliffs 1999 14,202 28404 17610 0.1 0.2 2840 3522 6362 
Buchan Ness to Collieston 2007 1,367 2734 1695 0.1 0.2 273 339 612 
Troup, Pennan & Lions Heads 2007 1,795 3590 2226 0.1 0.2 359 445 804 
Fowlsheugh 2009 193 386 239 0.1 0.2 39 48 86 
Forth Islands 2010 832 1664 1032 0.1 0.2 166 206 373 
Flamborough & Filey Coast 2008 878 1756 1089 0.1 0.2 176 218 393 
UK North Sea non-SPA 2000 129,000 258000 159960 0.1 0.2 25800 31992 57792 
Cape Wrath 2000 2,115 4230 2623 0.7 0.3 2961 787 3748 
Handa 2012 1,870 3740 2319 0.7 0.3 2618 696 3314 
Flannan Isles 1998 7,328 14656 9087 0.7 0.3 10259 2726 12985 
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North Rona & Sula Sgeir 2012 5,000 10000 6200 0.7 0.3 7000 1860 8860 
Shiant Isles 1999 4,387 8774 5440 0.7 0.3 6142 1632 7774 
St Kilda 1999 66,055 132110 81908 0.7 0.3 92477 24572 117049 
Mingulay & Berneray 2009 9,046 18092 11217 0.7 0.3 12664 3365 16030 
Rathlin Island 2011 1,518 3036 1882 0.7 0.3 2125 565 2690 
UK Western non-SPA 2000 97,000 194000 120280 0.7 0.3 135800 36084 171884 
          
Overseas birds       39,720 56,693 96,413 
UK birds       323,663 136,291 459,954 
Total       363,383 192,984 556,367 
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Table 10. BDMPS for northern fulmar in migration seasons (September & October, December to March) in ‘UK North sea waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea 
waters in 
migration 


Proportion of 
immatures in 
UK North Sea 
waters in 
migration 


UK N Sea 
Number 
adults 


UK N Sea 
Number 
immatures 


UK N Sea 
Total birds 


Iceland 2008 1,000,000 2000000 1240000 0.02 0.04 40000 49600 89600 
Norway 1990s 386,000 772000 478640 0.02 0.04 15440 19146 34586 
Faroe 1990s 600,000 1200000 744000 0.02 0.06 24000 44640 68640 
Hermaness, Saxavord 2011 7,000 14000 8680 0.9 0.8 12600 6944 19544 
Fetlar 2000 8,912 17824 11051 0.9 0.8 16042 8841 24882 
Foula 2007 19,758 39516 24500 0.9 0.8 35564 19600 55164 
Noss 2011 5,248 10496 6508 0.9 0.8 9446 5206 14652 
Sumburgh Head 2009 233 466 289 0.9 0.8 419 231 651 
Fair Isle 2011 29,649 59298 36765 0.9 0.8 53368 29412 82780 
West Westray 2007 677 1354 839 0.9 0.8 1219 672 1890 
Calf of Eday 2002 1,842 3684 2284 0.9 0.8 3316 1827 5143 
Rousay 2009 1,030 2060 1277 0.9 0.8 1854 1022 2876 
Hoy 2007 19,586 39172 24287 0.9 0.8 35255 19429 54684 
Copinsay 2008 1,630 3260 2021 0.9 0.8 2934 1617 4551 
North Caithness Cliffs 2000 14,250 28500 17670 0.9 0.8 25650 14136 39786 
East Caithness Cliffs 1999 14,202 28404 17610 1 0.8 28404 14088 42492 
Buchan Ness to Collieston 2007 1,367 2734 1695 1 0.8 2734 1356 4090 
Troup, Pennan & Lions Heads 2007 1,795 3590 2226 1 0.8 3590 1781 5371 
Fowlsheugh 2009 193 386 239 1 0.8 386 191 577 
Forth Islands 2010 832 1664 1032 1 0.8 1664 825 2489 
Flamborough & Filey Coast 2008 878 1756 1089 1 0.8 1756 871 2627 
UK North Sea non-SPA 2000 129,000 258000 159960 1 0.8 258000 127968 385968 
Cape Wrath 2000 2,115 4230 2623 0 0.06 0 157 157 
Handa 2012 1,870 3740 2319 0 0.06 0 139 139 
Flannan Isles 1998 7,328 14656 9087 0 0.06 0 545 545 
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North Rona & Sula Sgeir 2012 5,000 10000 6200 0 0.06 0 372 372 
Shiant Isles 1999 4,387 8774 5440 0 0.06 0 326 326 
St Kilda 1999 66,055 132110 81908 0 0.06 0 4914 4914 
Mingulay & Berneray 2009 9,046 18092 11217 0 0.06 0 673 673 
Rathlin Island 2011 1,518 3036 1882 0 0.06 0 113 113 
UK Western non-SPA 2000 97,000 194000 120280 0 0.06 0 7217 7217 
          
Overseas birds       79,440 113,386 192,826 
UK birds       494,201 270,475 764,676 
Total       573,641 383,861 957,502 
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Table 11. BDMPS for northern fulmar in migration seasons (September & October, December to March) in ‘UK western waters & Channel’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western waters 
& Channel in 
migration 


Proportion of 
immatures in 
UK western 
waters & 
Channel in 
migration 


UK 
western 
waters & 
Channel 
Number 
adults 


UK western 
waters & 
Channel 
Number 
immatures 


UK 
western 
waters & 
Channel 
Total birds 


Iceland 2008 1,000,000 2000000 1240000 0.02 0.04 40000 49600 89600 
Norway 1990s 386,000 772000 478640 0.02 0.04 15440 19146 34586 
Faroe 1990s 600,000 1200000 744000 0.02 0.06 24000 44640 68640 
Hermaness, Saxavord 2011 7,000 14000 8680 0.1 0.1 1400 868 2268 
Fetlar 2000 8,912 17824 11051 0.1 0.1 1782 1105 2887 
Foula 2007 19,758 39516 24500 0.1 0.1 3952 2450 6402 
Noss 2011 5,248 10496 6508 0.1 0.1 1050 651 1700 
Sumburgh Head 2009 233 466 289 0.1 0.1 47 29 75 
Fair Isle 2011 29,649 59298 36765 0.1 0.1 5930 3676 9606 
West Westray 2007 677 1354 839 0.1 0.1 135 84 219 
Calf of Eday 2002 1,842 3684 2284 0.1 0.1 368 228 597 
Rousay 2009 1,030 2060 1277 0.1 0.1 206 128 334 
Hoy 2007 19,586 39172 24287 0.1 0.1 3917 2429 6346 
Copinsay 2008 1,630 3260 2021 0.1 0.1 326 202 528 
North Caithness Cliffs 2000 14,250 28500 17670 0.1 0.1 2850 1767 4617 
East Caithness Cliffs 1999 14,202 28404 17610 0 0.1 0 1761 1761 
Buchan Ness to Collieston 2007 1,367 2734 1695 0 0.1 0 170 170 
Troup, Pennan & Lions Heads 2007 1,795 3590 2226 0 0.1 0 223 223 
Fowlsheugh 2009 193 386 239 0 0.1 0 24 24 
Forth Islands 2010 832 1664 1032 0 0.1 0 103 103 
Flamborough & Filey Coast 2008 878 1756 1089 0 0.1 0 109 109 
UK North Sea non-SPA 2000 129,000 258000 159960 0 0.1 0 15996 15996 
Cape Wrath 2000 2,115 4230 2623 1 0.8 4230 2098 6328 
Handa 2012 1,870 3740 2319 1 0.8 3740 1855 5595 
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Flannan Isles 1998 7,328 14656 9087 1 0.8 14656 7269 21925 
North Rona & Sula Sgeir 2012 5,000 10000 6200 1 0.8 10000 4960 14960 
Shiant Isles 1999 4,387 8774 5440 1 0.8 8774 4352 13126 
St Kilda 1999 66,055 132110 81908 1 0.8 132110 65527 197637 
Mingulay & Berneray 2009 9,046 18092 11217 1 0.8 18092 8974 27066 
Rathlin Island 2011 1,518 3036 1882 1 0.8 3036 1506 4542 
UK Western non-SPA 2000 97,000 194000 120280 1 0.8 194000 96224 290224 
          
Overseas birds       79,440 113,386 192,826 
UK birds       410,601 224,767 635,368 
Total       490,041 338,153 828,194 
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Table 12. BDMPS for Manx shearwater in migration seasons (August to early October, late March to May) in ‘UK North Sea waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
N Sea in 
migration 


Proportion of 
immatures in 
UK N Sea in 
migration 


UK North 
Sea number 
of adults 


UK North 
Sea number 
of 
immatures 


UK North 
Sea total 
birds 


Iceland 1990s 8500 17000 14280 0 0.001 0 14 14 
Faroe 2012 25000 50000 42000 0 0.001 0 42 42 
Ireland 2000 32600 65200 54768 0 0.001 0 55 55 
St Kilda 1999 4802 9604 8067 0 0.01 0 81 81 
Rum 2001 120000 240000 201600 0 0.01 0 2016 2016 
Aberdaron Coast & Bardsey 2001 16183 32366 27187 0 0.01 0 272 272 
Skomer, Skokholm & Middleh 2011 350000 700000 588000 0 0.01 0 5880 5880 
UK non-SPA colonies 2000 4000 8000 6720 0.01 0.01 80 67 147 
          
Total overseas       0 111 111 
Total UK       80 8,316 8,396 
Total       80 8,427 8,507 
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Table 13. BDMPS for Manx shearwater in migration seasons (August to early October, late March to May) in ‘UK western waters & Channel’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western 
waters & 
Channel in 
migration 


Proportion of 
immatures in 
UK western 
waters & 
Channel in 
migration 


UK western 
waters & 
Channel 
Number 
adults 


UK western 
waters & 
Channel 
Number 
immatures 


UK western 
waters & 
Channel 
Total birds 


Iceland 1990s 8500 17000 14280 0.01 0.03 170 428 598 
Faroe 2012 25000 50000 42000 0.01 0.03 500 1260 1760 
Ireland 2000 32600 65200 54768 0.05 0.1 3260 5477 8737 
St Kilda 1999 4802 9604 8067 1 0.7 9604 5647 15251 
Rum 2001 120000 240000 201600 1 0.7 240000 141120 381120 
Aberdaron Coast & Bardsey 2001 16183 32366 27187 1 0.7 32366 19031 51397 
Skomer, Skokholm & Middleh 2011 350000 700000 588000 1 0.7 700000 411600 1111600 
UK non-SPA colonies 2000 4000 8000 6720 0.8 0.6 6400 4032 10432 
          
Total overseas       3,930 7,165 11,095 
Total UK       988,370 581,430 1,569,800 
Total       992,300 588,595 1,580,895 
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Table 14. BDMPS for northern gannet in autumn (September to November) in ‘UK North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea & 
Channel 
waters in 
autumn 


Proportion 
immatures in 
UK North Sea 
& Channel 
waters in 
autumn 


UK N Sea 
& Channel 
Number 
adults 


UK N Sea & 
Channel 
Number 
immatures 


UK N Sea 
& 
Channel 
Total 
birds 


Iceland 2010 28500 57000 46170 0.3 0.3 17100 13851 30951 
Norway 2010 4500 9000 7290 0.3 0.3 2700 2187 4887 
Faroe 2012 2500 5000 4050 0.3 0.3 1500 1215 2715 
Hermaness, Saxavord 2008 24353 48706 39452 0.8 0.8 38965 31561 70526 
Noss 2008 9767 19534 15823 0.8 0.8 15627 12658 28285 
Fair Isle 2013 3924 7848 6357 0.8 0.8 6278 5086 11364 
Forth Islands 2009 55482 110964 89881 1 0.9 110964 80893 191857 
Flamborough & Filey 2012 11061 22122 17919 1 0.9 22122 16127 38249 
UK North Sea non-SPA 
colonies 


2004 6000 12000 9720 1 0.9 12000 8748 20748 


Sule Skerry & Sule Stack 2004 4675 9350 7574 0.1 0.2 935 1515 2450 
North Rona & Sula Sgeir 2004 9225 18450 14944 0.1 0.2 1845 2989 4834 
St Kilda 2004 59622 119244 96588 0.1 0.2 11924 19318 31242 
Ailsa Craig 2004 27130 54260 43951 0 0.1 0 4395 4395 
Grassholm 2009 39292 78584 63653 0 0.1 0 6365 6365 
UK western non-SPA colonies 2004 5000 10000 8100 0 0.1 0 810 810 
Ireland 2004 36000 72000 58320 0 0.1 0 5832 5832 
Germany 2013 632 1264 1024 0.3 0.4 379 410 789 
Total overseas       21,679 23,495 45,174 
Total UK       220,661 190,464 411,125 
Total       242,340 213,959 456,299 
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Table 15. BDMPS for northern gannet in autumn (September to November) in ‘UK western waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western waters 
in autumn 


Proportion 
immatures in 
UK western 
waters in 
autumn 


UK west 
Number 
adults 


UK west 
Number 
immatures 


UK west 
Total 
birds 


Iceland 2010 28500 57000 46170 0.2 0.3 11400 13851 25251 
Norway 2010 4500 9000 7290 0.2 0.3 1800 2187 3987 
Faroe 2012 2500 5000 4050 0.2 0.3 1000 1215 2215 
Hermaness, Saxavord 2008 24353 48706 39452 0.2 0.1 9741 3945 13686 
Noss 2008 9767 19534 15823 0.2 0.1 3907 1582 5489 
Fair Isle 2013 3924 7848 6357 0.2 0.1 1570 636 2205 
Forth Islands 2009 55482 110964 89881 0 0.1 0 8988 8988 
Flamborough & Filey 2012 11061 22122 17919 0 0.1 0 1792 1792 
UK North Sea non-SPA cols 2004 6000 12000 9720 0 0.1 0 972 972 
Sule Skerry & Sule Stack 2004 4675 9350 7574 0.9 0.7 8415 5301 13716 
North Rona & Sula Sgeir 2004 9225 18450 14944 0.9 0.7 16605 10461 27066 
St Kilda 2004 59622 119244 96588 0.9 0.7 107320 67611 174931 
Ailsa Craig 2004 27130 54260 43951 1 0.8 54260 35160 89420 
Grassholm 2009 39292 78584 63653 1 0.8 78584 50922 129506 
UK western non-SPA cols 2004 4500 9000 7290 1 0.8 9000 5832 14832 
Ireland 2004 36000 72000 58320 0.2 0.3 14400 17496 31896 
Germany 2013 632 1264 1024 0 0 0 0 0 
Total overseas       28,600 34,749 63,349 
Total UK       289,401 193,204 482,605 
Total       318,001 227,953 545,954 
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Table 16. BDMPS for northern gannet in spring (December to March) in ‘UK North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea & 
Channel 
waters in 
spring 


Proportion 
immatures in 
UK North Sea 
& Channel 
waters in 
spring 


UK N Sea 
& Channel 
Number 
adults 


UK N Sea & 
Channel 
Number 
immatures 


UK N Sea 
& 
Channel 
Total 
birds 


Iceland 2010 28500 57000 46170 0.1 0.1 5700 4617 10317 
Norway 2010 4500 9000 7290 0.2 0.2 1800 1458 3258 
Faroe 2012 2500 5000 4050 0.2 0.2 1000 810 1810 
Hermaness, Saxavord 2008 24353 48706 39452 0.7 0.4 34094 15781 49875 
Noss 2008 9767 19534 15823 0.7 0.4 13674 6329 20003 
Fair Isle 2013 3924 7848 6357 0.7 0.4 5494 2543 8036 
Forth Islands 2009 55482 110964 89881 0.7 0.4 77675 35952 113627 
Flamborough & Filey 2012 11061 22122 17919 0.7 0.4 15485 7168 22653 
UK North Sea non-SPA cols 2004 6000 12000 9720 0.7 0.4 8400 3888 12288 
Sule Skerry & Sule Stack 2004 4675 9350 7574 0 0 0 0 0 
North Rona & Sula Sgeir 2004 9225 18450 14944 0 0 0 0 0 
St Kilda 2004 59622 119244 96588 0 0 0 0 0 
Ailsa Craig 2004 27130 54260 43951 0 0 0 0 0 
Grassholm 2009 39292 78584 63653 0 0 0 0 0 
UK western non-SPA cols 2004 5000 10000 8100 0 0 0 0 0 
Ireland 2004 36000 72000 58320 0 0.1 0 5832 5832 
Germany 2013 632 1264 1024 0.3 0.3 379 307 686 
Total overseas       8,879 13,024 21,903 
Total UK       154,822 71,660 226,482 
Total       163,701 84,684 248,385 
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Table 17. BDMPS for northern gannet in spring (December to March) in ‘UK western waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western waters 
in spring 


Proportion 
immatures in 
UK western 
waters in 
spring 


UK west 
Number 
adults 


UK west 
Number 
immatures 


UK west 
Total 
birds 


Iceland 2010 28500 57000 46170 0.2 0.2 11400 9234 20634 
Norway 2010 4500 9000 7290 0.2 0.2 1800 1458 3258 
Faroe 2012 2500 5000 4050 0.3 0.3 1500 1215 2715 
Hermaness, Saxavord 2008 24353 48706 39452 0.3 0.3 14612 11836 26447 
Noss 2008 9767 19534 15823 0.3 0.3 5860 4747 10607 
Fair Isle 2013 3924 7848 6357 0.3 0.3 2354 1907 4261 
Forth Islands 2009 55482 110964 89881 0.3 0.3 33289 26964 60253 
Flamborough & Filey 2012 11061 22122 17919 0.3 0.3 6637 5376 12012 
UK North Sea non-SPA cols 2004 6000 12000 9720 0.3 0.3 3600 2916 6516 
Sule Skerry & Sule Stack 2004 4675 9350 7574 1 0.8 9350 6059 15409 
North Rona & Sula Sgeir 2004 9225 18450 14944 1 0.8 18450 11956 30406 
St Kilda 2004 59622 119244 96588 1 0.8 119244 77270 196514 
Ailsa Craig 2004 27130 54260 43951 1 0.8 54260 35160 89420 
Grassholm 2009 39292 78584 63653 1 0.8 78584 50922 129506 
UK western non-SPA cols 2004 4500 9000 7290 1 0.8 9000 5832 14832 
Ireland 2004 36000 72000 58320 0.3 0.3 21600 17496 39096 
Germany 2013 632 1264 1024 0 0 0 0 0 
Total overseas       36,300 29,403 65,703 
Total UK       355,240 240,945 596,185 
Total       391,540 270,348 661,888 
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Table 18. BDMPS for great cormorant in non-breeding season (September to March) in ‘UK NW North Sea’.  
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK NW 
North Sea 
waters in non-
breeding 
season 


Proportion of 
immatures in 
UK NW North 
Sea waters in 
non-breeding 
season 


UK NW N 
Sea 
Number 
adults 


UK NW N Sea 
Number 
immatures 


UK NW N 
Sea Total 
birds 


Denmark 1990s 40000 80000 93600 0 0.001 0 94 94 
Netherlands 1990s 20000 40000 46800 0 0.0001 0 5 5 
Ireland 2000 4100 8200 9594 0 0 0 0 0 
France 1990s 1500 3000 3510 0 0 0 0 0 
Calf of Eday 2012 181 362 424 1 1 362 424 786 
East Caithness Cliffs 2013 52 104 122 1 1 104 122 226 
Forth Islands 2013 80 160 187 0.6 0.5 96 94 190 
UK non-SPA NW N S 2000 1200 2400 2808 0.8 0.8 1920 2246 4166 
Farne Islands 2013 87 174 204 0.1 0.2 17 41 58 
Abberton Reservoir 2005 216 432 505 0 0 0 0 0 
UK non-SPA SW N S 2000 2200 4400 5148 0.05 0.05 220 257 477 
Sheep Island NI 2013 112 224 262 0 0.001 0 0 0 
UK non-SPA W Scotland 2000 2570 5140 6014 0 0.001 0 6 6 
Puffin Island Wales 2013 448 896 1048 0 0.001 0 1 1 
UK non-SPA Wales SW E 2000 1750 3500 4095 0 0.001 0 4 4 
Overseas total       0 98 98 
UK total       2,719 3,195 5,914 
Total       2,719 3,293 6,012 
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Table 19. BDMPS for great cormorant in non-breeding season (September to March) in ‘UK SW North Sea & Channel’.  
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
SW North Sea 
& Channel 
waters in non-
breeding 
season 


Proportion of 
immatures in 
UK SW North 
Sea & Channel 
waters in non-
breeding 
season 


UK SW N 
Sea & 
Channel 
Number 
adults 


UK SW N 
Sea & 
Channel 
Number 
immatures 


UK SW N 
Sea & 
Channel 
Total birds 


Denmark 1990s 40000 80000 93600 0 0.005 0 468 468 
Netherlands 1990s 20000 40000 46800 0.001 0.01 40 468 508 
Ireland 2000 4100 8200 9594 0 0.01 0 96 96 
France 1990s 1500 3000 3510 0 0.01 0 35 35 
Calf of Eday 2012 181 362 424 0 0 0 0 0 
East Caithness Cliffs 2013 52 104 122 0 0 0 0 0 
Forth Islands 2013 80 160 187 0.4 0.5 64 94 158 
UK non-SPA NW N S 2000 1200 2400 2808 0.2 0.2 480 562 102 
Farne Islands 2013 87 174 204 0.9 0.8 157 163 319 
Abberton Reservoir 2005 216 432 505 0.8 0.7 346 354 699 
UK non-SPA SW N S 2000 2200 4400 5148 0.8 0.7 3520 3604 7124 
Sheep Island NI 2013 112 224 262 0 0.001 0 0 0 
UK non-SPA W Scotland 2000 2570 5140 6014 0 0.001 0 6 6 
Puffin Island Wales 2013 448 896 1048 0 0.001 0 1 1 
UK non-SPA Wales SW E 2000 1750 3500 4095 0 0.001 0 4 4 
          
Overseas total       40 1,067 1,107 
UK total       4,566 4,787 9,353 
Total       4,606 5,854 10,460 
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Table 20. BDMPS for great cormorant in non-breeding season (September to March) in ‘UK West of Scotland waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
West of 
Scotland 
waters in non-
breeding 
season 


Proportion of 
immatures in 
UK west of 
Scotland 
waters in non-
breeding 
season 


UK West of 
Scotland 
Number 
adults 


UK west of 
Scotland 
Number 
immatures 


UK west of 
Scotland 
Total birds 


Denmark 1990s 40000 80000 93600 0 0.0005 0 47 47 
Netherlands 1990s 20000 40000 46800 0 0 0 0 0 
Ireland 2000 4100 8200 9594 0 0.001 0 10 10 
France 1990s 1500 3000 3510 0 0 0 0 0 
Calf of Eday 2012 181 362 424 0 0 0 0 0 
East Caithness Cliffs 2013 52 104 122 0 0 0 0 0 
Forth Islands 2013 80 160 187 0 0 0 0 0 
UK non-SPA NW N S 2000 1200 2400 2808 0 0 0 0 0 
Farne Islands 2013 87 174 204 0 0 0 0 0 
Abberton Reservoir 2005 216 432 505 0 0 0 0 0 
UK non-SPA SW N S 2000 2200 4400 5148 0 0 0 0 0 
Sheep Island NI 2013 112 224 262 0.8 0.6 179 157 336 
UK non-SPA W Scotland 2000 2570 5140 6014 0.7 0.5 3598 3007 6605 
Puffin Island Wales 2013 448 896 1048 0 0.01 0 10 10 
UK non-SPA Wales SW E 2000 1750 3500 4095 0 0.01 0 41 41 
          
Overseas total       0 56 56 
UK total       3,777 3,216 6,993 
Total       3,777 3,272 7,049 
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Table 21. BDMPS for great cormorant in non-breeding season (September to March) in ‘UK Wales & SW England waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in Wales 
& SW E waters 
in non-
breeding 
season 


Proportion 
immatures in 
Wales & SW E 
waters in non-
breeding 
season 


Wales & 
SW E 
Number 
adults 


Wales & SW 
E Number 
immatures 


Wales & 
SW E Total 
birds 


Denmark 1990s 40000 80000 93600 0 0.0001 0 9 9 
Netherlands 1990s 20000 40000 46800 0 0.0001 0 5 5 
Ireland 2000 4100 8200 9594 0 0.02 0 192 192 
France 1990s 1500 3000 3510 0 0.001 0 4 4 
Calf of Eday 2012 181 362 424 0 0 0 0 0 
East Caithness Cliffs 2013 52 104 122 0 0 0 0 0 
Forth Islands 2013 80 160 187 0 0 0 0 0 
UK non-SPA NW N S 2000 1200 2400 2808 0 0 0 0 0 
Farne Islands 2013 87 174 204 0 0 0 0 0 
Abberton Reservoir 2005 216 432 505 0 0 0 0 0 
UK non-SPA SW N S 2000 2200 4400 5148 0 0 0 0 0 
Sheep Island NI 2013 112 224 262 0.2 0.4 45 105 150 
UK non-SPA W Scotland 2000 2570 5140 6014 0.3 0.5 1542 3007 4549 
Puffin Island Wales 2013 448 896 1048 0.6 0.4 538 419 957 
UK non-SPA Wales SW E 2000 1750 3500 4095 0.6 0.4 2100 1638 3738 
          
Overseas total       0 209 209 
UK total       4,224 5,169 9,393 
Total       4,224 5,378 9,602 
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Table 22. BDMPS for European shag in non-breeding season (September to January) in ‘UK NW North Sea’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
NW North Sea 
in non-
breeding 
season 


Proportion 
immatures in 
UK NW North 
Sea in non-
breeding 
season 


UK NW N 
Sea 
Number 
adults 


UK NW N 
Sea Number 
immatures 


UK NW N 
Sea Total 
birds 


Hermaness, Saxavord 2002 41 82 107 1 1 82 107 189 
Foula 2013 200 400 524 1 1 400 524 924 
Fair Isle 2013 204 408 534 1 1 408 534 942 
East Caithness Cliffs 1999 1056 2112 2767 1 1 2112 2767 4879 
Buchan Ness to Collieston 2007 331 662 867 1 1 662 867 1529 
Forth Islands 2013 850 1700 2227 1 0.9 1700 2004 3704 
St Abbs Head to Fast Castle 2011 160 320 419 1 0.8 320 335 655 
UK NW N Sea non-SPA 2000 6000 12000 15720 1 1 12000 15720 27720 
Farne Islands 2013 582 1164 1525 0.3 0.4 349 610 959 
UK SW N Sea non-SPA 2000 500 1000 1310 0 0 0 0 0 
Sule Skerry & Sule Stack 2011 200 400 524 0 0 0 0 0 
Shiant Islands 1999 506 1012 1326 0 0 0 0 0 
Canna & Sanday 2013 255 510 668 0 0 0 0 0 
Mingulay & Berneray 2009 115 230 301 0 0 0 0 0 
UK West of Scotld non-SPA 2000 7000 14000 18340 0 0 0 0 0 
Isles of Scilly 2006 1296 2592 3396 0 0 0 0 0 
UK Wales & SW E non-SPA 2000 1500 3000 3930 0 0 0 0 0 
Ireland 2000 2000 4000 5240 0 0 0 0 0 
          
Overseas total       0 0 0 
UK total       18,033 23,469 41,503 
Total       18,033 23,469 41,503 
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Table 23. BDMPS for European shag in non-breeding season (September to January) in ‘UK SW North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
SW North Sea 
& Channel 
waters in non-
breeding 
season 


Proportion of 
immatures in 
UK SW North 
Sea & 
Channel 
waters in non-
breeding 
season 


UK SW N 
Sea & 
Channel 
Number 
adults 


UK SW N 
Sea & 
Channel 
Number 
immatures 


UK SW N 
Sea & 
Channel 
Total birds 


Hermaness, Saxavord 2002 41 82 107 0 0 0 0 0 
Foula 2013 200 400 524 0 0 0 0 0 
Fair Isle 2013 204 408 534 0 0 0 0 0 
East Caithness Cliffs 1999 1056 2112 2767 0 0 0 0 0 
Buchan Ness to Collieston 2007 331 662 867 0 0 0 0 0 
Forth Islands 2013 850 1700 2227 0 0.1 0 223 223 
St Abbs Head to Fast Castle 2011 160 320 419 0 0.2 0 84 84 
UK NW N Sea non-SPA 2000 6000 12000 15720 0 0 0 0 0 
Farne Islands 2013 582 1164 1525 0.7 0.6 815 915 1730 
UK SW N Sea non-SPA 2000 500 1000 1310 1 1 1000 1310 2310 
Sule Skerry & Sule Stack 2011 200 400 524 0 0 0 0 0 
Shiant Islands 1999 506 1012 1326 0 0 0 0 0 
Canna & Sanday 2013 255 510 668 0 0 0 0 0 
Mingulay & Berneray 2009 115 230 301 0 0 0 0 0 
UK West of Scotland non-SPA 2000 7000 14000 18340 0 0 0 0 0 
Isles of Scilly 2006 1296 2592 3396 0 0 0 0 0 
UK Wales & SW E non-SPA 2000 1500 3000 3930 0 0 0 0 0 
Ireland 2000 2000 4000 5240 0 0 0 0 0 
Overseas total       0 0 0 
UK total       1,815 2,531 4,346 
Total       1,815 2,531 4,346 
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Table 24. BDMPS for European shag in non-breeding season (September to January) in ‘UK West of Scotland waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
west of 
Scotland 
waters in non-
breeding 
season 


Proportion of 
immatures in 
UK west of 
Scotland 
waters in non-
breeding 
season 


UK west of 
Scotland 
Number 
adults 


UK west of 
Scotland 
Number 
immatures 


UK west of 
Scotland 
Total birds 


Hermaness, Saxavord 2002 41 82 107 0 0 0 0 0 
Foula 2013 200 400 524 0 0 0 0 0 
Fair Isle 2013 204 408 534 0 0 0 0 0 
East Caithness Cliffs 1999 1056 2112 2767 0 0 0 0 0 
Buchan Ness to Collieston 2007 331 662 867 0 0 0 0 0 
Forth Islands 2013 850 1700 2227 0 0 0 0 0 
St Abbs Head to Fast Castle 2011 160 320 419 0 0 0 0 0 
UK NW N Sea non-SPA 2000 6000 12000 15720 0 0 0 0 0 
Farne Islands 2013 582 1164 1525 0 0 0 0 0 
UK SW N Sea non-SPA 2000 500 1000 1310 0 0 0 0 0 
Sule Skerry & Sule Stack 2011 200 400 524 1 1 400 524 924 
Shiant Islands 1999 506 1012 1326 1 1 1012 1326 2338 
Canna & Sanday 2013 255 510 668 1 1 510 668 1178 
Mingulay & Berneray 2009 115 230 301 1 1 230 301 531 
UK West of Scotland non-SPA 2000 7000 14000 18340 1 1 14000 18340 32340 
Isles of Scilly 2006 1296 2592 3396 0 0 0 0 0 
UK Wales & SW E non-SPA 2000 1500 3000 3930 0 0 0 0 0 
Ireland 2000 2000 4000 5240 0 0.01 0 52 52 
Overseas total       0 52 52 
UK total       16,152 21,159 37,311 
Total       16,152 21,211 37,363 
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Table 25. BDMPS for European shag in non-breeding season (September to January) in ‘UK Wales & SW England waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in 
Wales & SW E 
waters in non-
breeding 
season 


Proportion 
immatures in 
Wales & SW E 
waters in non-
breeding 
season 


UK Wales 
& SW E 
Number 
adults 


UK Wales & 
SW E 
Number 
immatures 


UK Wales & 
SW E Total 
birds 


Hermaness, Saxavord 2002 41 82 107 0 0 0 0 0 
Foula 2013 200 400 524 0 0 0 0 0 
Fair Isle 2013 204 408 534 0 0 0 0 0 
East Caithness Cliffs 1999 1056 2112 2767 0 0 0 0 0 
Buchan Ness to Collieston 2007 331 662 867 0 0 0 0 0 
Forth Islands 2013 850 1700 2227 0 0 0 0 0 
St Abbs Head to Fast Castle 2011 160 320 419 0 0 0 0 0 
UK NW N Sea non-SPA 2000 6000 12000 15720 0 0 0 0 0 
Farne Islands 2013 582 1164 1525 0 0 0 0 0 
UK SW N Sea non-SPA 2000 500 1000 1310 0 0 0 0 0 
Sule Skerry & Sule Stack 2011 200 400 524 0 0 0 0 0 
Shiant Islands 1999 506 1012 1326 0 0 0 0 0 
Canna & Sanday 2013 255 510 668 0 0 0 0 0 
Mingulay & Berneray 2009 115 230 301 0 0 0 0 0 
UK West of Scotland non-SPA 2000 7000 14000 18340 0 0 0 0 0 
Isles of Scilly 2006 1296 2592 3396 1 1 2592 3396 5988 
UK Wales & SW E non-SPA 2000 1500 3000 3930 1 1 3000 3930 6930 
Ireland 2000 2000 4000 5240 0 0.03 0 157 157 
Overseas total       0 157 157 
UK total       5,592 7,326 12,918 
Total       5,592 7,483 13,075 
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Table 26. BDMPS for Arctic skua in autumn migration season (August to October) in ‘UK North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea & 
Channel 
waters in 
autumn 


Proportion of 
immatures in 
UK North Sea 
& Channel 
waters in 
autumn 


UK N Sea & 
Channel 
waters 
Number 
adults 


UK N Sea & 
Channel 
waters 
Number 
immatures 


UK N Sea 
& Channel 
waters 
Total birds 


High Arctic tundra 1990s 50,000 100000 71000 0.01 0.01 1000 710 1710 
Iceland 1990s 7500 15000 10650 0.02 0.02 300 213 513 
Fennoscandia 1990s 8000 16000 11360 0.1 0.1 1600 1136 2736 
Faroe 2012 750 1500 1065 0.1 0.1 150 106 256 
Fetlar 2002 83 166 118 0.6 0.4 100 47 147 
Foula 2013 35 70 50 0.6 0.4 42 20 62 
Fair Isle 2013 19 38 27 0.6 0.4 23 11 34 
West Westray 2010 27 54 38 0.6 0.4 32 15 48 
Papa Westray 2012 22 44 31 0.6 0.4 26 12 39 
Hoy 2010 12 24 17 0.6 0.4 14 7 21 
Rousay 2010 37 74 53 0.6 0.4 44 21 65 
UK non-SPA North Sea 
colonies 


2000* 450 900 639 0.6 0.4 540 256 796 


UK non-SPA western colonies 2000* 200 400 284 0 0 0 0 0 
          
Total overseas       3,050 2,166 5,216 
Total UK       822 389 1,211 
Total       3,872 2,555 6,427 
*updated to 2012 using trend reported in Foster and Marrs (2012) 
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Table 27. BDMPS for Arctic skua in autumn migration season (August to October) in ‘UK western waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western waters 
in autumn 


Proportion of 
immatures in 
UK western 
waters in 
autumn 


UK western 
Number 
adults 


UK western 
Number 
immatures 


UK 
western 
Total birds 


High Arctic tundra 1990s 50,000 100000 71000 0.01 0.01 1000 710 1710 
Iceland 1990s 7500 15000 10650 0.02 0.02 300 213 513 
Fennoscandia 1990s 8000 16000 11360 0.05 0.05 800 568 1368 
Faroe 2012 750 1500 1065 0.1 0.1 150 106 256 
Fetlar 2002 83 166 118 0.4 0.3 66 35 102 
Foula 2013 35 70 50 0.4 0.3 28 15 43 
Fair Isle 2013 19 38 27 0.4 0.3 15 8 23 
West Westray 2010 27 54 38 0.4 0.3 22 12 33 
Papa Westray 2012 22 44 31 0.4 0.3 18 9 27 
Hoy 2010 12 24 17 0.4 0.3 10 5 15 
Rousay 2010 37 74 53 0.4 0.3 30 16 45 
UK non-SPA North Sea 
colonies 


2000* 450 900 639 0.4 0.3 360 192 552 


UK non-SPA western colonies 2000* 200 400 284 1 0.7 400 199 599 
          
Total overseas       2,250 1,598 3,848 
Total UK       948 491 1,439 
Total       3,198 2,089 5,287 
*updated to 2012 using trend reported in Foster and Marrs (2012) 
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Table 28. BDMPS for Arctic skua in spring migration season (April-May) in ‘UK North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea & 
Channel 
waters in 
spring 


Proportion of 
immatures in 
UK North Sea 
& Channel 
waters in 
spring 


UK N Sea 
& Channel 
Number 
adults 


UK N Sea & 
Channel 
Number 
immatures 


UK N Sea 
& Channel 
Total birds 


High Arctic tundra 1990s 50,000 100000 71000 0.002 0.001 200 71 271 
Iceland 1990s 7500 15000 10650 0.005 0.001 75 11 86 
Fennoscandia 1990s 8000 16000 11360 0.01 0.005 160 57 217 
Faroe 2012 750 1500 1065 0.005 0.001 8 1 9 
Fetlar 2002 83 166 118 0.4 0.1 66 12 78 
Foula 2013 35 70 50 0.4 0.1 28 5 33 
Fair Isle 2013 19 38 27 0.4 0.1 15 3 18 
West Westray 2010 27 54 38 0.4 0.1 22 4 25 
Papa Westray 2012 22 44 31 0.4 0.1 18 3 21 
Hoy 2010 12 24 17 0.4 0.1 10 2 11 
Rousay 2010 37 74 53 0.4 0.1 30 5 35 
UK non-SPA North Sea colonies 2000* 450 900 639 0.4 0.1 360 64 424 
UK non-SPA western colonies 2000* 200 400 284 0 0 0 0 0 
          
Total overseas       442 140 582 
Total UK       548 97 645 
Total       990 237 1,227 
*updated to 2012 using trend reported in Foster and Marrs (2012) 
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Table 29. BDMPS for Arctic skua in spring migration season (April-May) in ‘UK western waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western 
waters in 
spring 


Proportion of 
immatures in 
UK western 
waters in 
spring 


UK 
western 
Number 
adults 


UK western 
Number 
immatures 


UK 
western 
Total birds 


High Arctic tundra 1990s 50,000 100000 71000 0.01 0.01 1000 710 1710 
Iceland 1990s 7500 15000 10650 0.01 0.01 150 106 256 
Fennoscandia 1990s 8000 16000 11360 0.05 0.03 800 341 1141 
Faroe 2012 750 1500 1065 0.05 0.02 75 21 96 
Fetlar 2002 83 166 118 0.6 0.5 100 59 159 
Foula 2013 35 70 50 0.6 0.5 42 25 67 
Fair Isle 2013 19 38 27 0.6 0.5 23 13 36 
West Westray 2010 27 54 38 0.6 0.5 32 19 52 
Papa Westray 2012 22 44 31 0.6 0.5 26 16 42 
Hoy 2010 12 24 17 0.6 0.5 14 9 23 
Rousay 2010 37 74 53 0.6 0.5 44 26 71 
UK non-SPA North Sea colonies 2000* 450 900 639 0.6 0.5 540 320 860 
UK non-SPA western colonies 2000* 200 400 284 1 0.7 400 199 599 
          
Total overseas       2,025 1,179 3,204 
Total UK       1,222 685 1,907 
Total       3,247 1,864 5,111 
*updated to 2012 using trend reported in Foster and Marrs (2012) 
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Table 30. BDMPS for great skua in autumn migration season (August to October) in ‘UK North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea & 
Channel 
waters in 
autumn 


Proportion of 
immatures in 
UK North Sea 
& Channel 
waters in 
autumn 


UK N Sea & 
Channel 
Number 
adults 


UK N Sea & 
Channel 
Number 
immatures 


UK N Sea 
& Channel 
Total birds 


Iceland 1980s 5400 10800 15336 0.1 0.05 1080 767 1847 
Norway 2010 360 720 1022 0.1 0.05 72 51 123 
Faroe 2012 500 1000 1420 0.1 0.05 100 71 171 
Hermaness, Saxavord 2013 979 1958 2780 0.6 0.3 1175 834 2009 
Fetlar 2002 585 1170 1661 0.6 0.3 702 498 1200 
Ronas Hill, North Roe 2002 189 378 537 0.6 0.3 227 161 388 
Foula 2007 1657 3314 4706 0.6 0.3 1988 1412 3400 
Noss 2013 465 930 1321 0.6 0.3 558 396 954 
Fair Isle 2013 266 532 755 0.6 0.3 319 227 546 
Hoy 2010 1346 2692 3823 0.6 0.3 1615 1147 2762 
UK Non-SPA North Sea colonies 2000 3000 6000 8520 0.6 0.3 3600 2556 6156 
Handa 2013 135 270 383 0 0 0 0 0 
St Kilda 2012 181 362 514 0 0 0 0 0 
UK Non-SPA western colonies 2000 100 200 284 0 0 0 0 0 
          
Total overseas       1,252 889 2,141 
Total UK       10,184 7,231 17,415 
Total       11,436 8,120 19,556 
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Table 31. BDMPS for great skua in autumn migration season (August to October) in ‘UK western waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western 
waters in 
autumn 


Proportion of 
immatures in 
UK western 
waters in 
autumn 


UK western 
Number 
adults 


UK western 
Number 
immatures 


UK 
western 
Total birds 


Iceland 1980s 5400 10800 15336 0.2 0.05 2160 767 2927 
Norway 2010 360 720 1022 0.1 0.05 72 51 123 
Faroe 2012 500 1000 1420 0.3 0.05 300 71 371 
Hermaness, Saxavord 2013 979 1958 2780 0.4 0.2 783 556 1339 
Fetlar 2002 585 1170 1661 0.4 0.2 468 332 800 
Ronas Hill, North Roe 2002 189 378 537 0.4 0.2 151 107 259 
Foula 2007 1657 3314 4706 0.4 0.2 1326 941 2267 
Noss 2013 465 930 1321 0.4 0.2 372 264 636 
Fair Isle 2013 266 532 755 0.4 0.2 213 151 364 
Hoy 2010 1346 2692 3823 0.4 0.2 1077 765 1841 
UK Non-SPA North Sea colonies 2000 3000 6000 8520 0.4 0.2 2400 1704 4104 
Handa 2013 135 270 383 1 0.4 270 153 423 
St Kilda 2012 181 362 514 1 0.4 362 206 568 
UK Non-SPA western colonies 2000 100 200 284 1 0.4 200 114 314 
          
Total overseas       2,532 889 3,421 
Total UK       7,622 5,293 12,915 
Total       10,154 6,182 16,336 
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Table 32. BDMPS for great skua in winter (November to February) in ‘UK North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea & 
Channel 
waters in 
winter 


Proportion of 
immatures in 
UK North Sea 
& Channel 
waters in 
winter 


UK N Sea & 
Channel 
Number 
adults 


UK N Sea & 
Channel 
Number 
immatures 


UK N Sea & 
Channel 
Total birds 


Iceland 1980s 5400 10800 15336 0.01 0.001 108 15 123 
Norway 2010 360 720 1022 0.01 0.001 7 1 8 
Faroe 2012 500 1000 1420 0.01 0.001 10 1 11 
Hermaness, Saxavord 2013 979 1958 2780 0 0 0 0 0 
Fetlar 2002 585 1170 1661 0 0 0 0 0 
Ronas Hill, North Roe 2002 189 378 537 0 0 0 0 0 
Foula 2007 1657 3314 4706 0 0 0 0 0 
Noss 2013 465 930 1321 0 0 0 0 0 
Fair Isle 2013 266 532 755 0 0 0 0 0 
Hoy 2010 1346 2692 3823 0 0 0 0 0 
UK Non-SPA North Sea 
colonies 


2000 3000 6000 8520 0 0 0 0 0 


Handa 2013 135 270 383 0 0 0 0 0 
St Kilda 2012 181 362 514 0 0 0 0 0 
UK Non-SPA western colonies 2000 100 200 284 0 0 0 0 0 
          
Total overseas       125 18 143 
Total UK       0 0 0 
Total       125 18 143 
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Table 33. BDMPS for great skua in winter (November to February) in ‘UK western waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western 
waters in 
winter 


Proportion of 
immatures in 
UK western 
waters in 
winter 


UK western 
Number 
adults 


UK western 
Number 
immatures 


UK western 
Total birds 


Iceland 1980s 5400 10800 15336 0.1 0.001 1080 15 1095 
Norway 2010 360 720 1022 0.1 0.001 72 1 73 
Faroe 2012 500 1000 1420 0.05 0.001 50 1 51 
Hermaness, Saxavord 2013 979 1958 2780 0.01 0 20 0 20 
Fetlar 2002 585 1170 1661 0.01 0 12 0 12 
Ronas Hill, North Roe 2002 189 378 537 0.01 0 4 0 4 
Foula 2007 1657 3314 4706 0.01 0 33 0 33 
Noss 2013 465 930 1321 0.01 0 9 0 9 
Fair Isle 2013 266 532 755 0.01 0 5 0 5 
Hoy 2010 1346 2692 3823 0.01 0 27 0 27 
UK Non-SPA North Sea 
colonies 


2000 3000 6000 8520 0.01 0 60 0 60 


Handa 2013 135 270 383 0.01 0 3 0 3 
St Kilda 2012 181 362 514 0.01 0 4 0 4 
UK Non-SPA western colonies 2000 100 200 284 0.01 0 2 0 2 
          
Total overseas       1,202 18 1,220 
Total UK       178 0 178 
Total       1,380 18 1,398 
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Table 34. BDMPS for great skua in spring migration (March-April) in ‘UK North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion 
of adults in 
UK North 
Sea & 
Channel 
waters in 
spring 


Proportion of 
immatures in 
UK North Sea 
& Channel 
waters in 
spring 


UK N Sea 
& Channel 
Number 
adults 


UK N Sea & 
Channel 
Number 
immatures 


UK N Sea & 
Channel 
Total birds 


Iceland 1980s 5400 10800 15336 0.05 0.02 540 307 847 
Norway 2010 360 720 1022 0.05 0.02 36 20 56 
Faroe 2012 500 1000 1420 0.05 0.02 50 28 78 
Hermaness, Saxavord 2013 979 1958 2780 0.3 0.1 587 278 865 
Fetlar 2002 585 1170 1661 0.3 0.1 351 166 517 
Ronas Hill, North Roe 2002 189 378 537 0.3 0.1 113 54 167 
Foula 2007 1657 3314 4706 0.3 0.1 994 471 1465 
Noss 2013 465 930 1321 0.3 0.1 279 132 411 
Fair Isle 2013 266 532 755 0.3 0.1 160 76 235 
Hoy 2010 1346 2692 3823 0.3 0.1 808 382 1190 
UK Non-SPA North Sea colonies 2000 3000 6000 8520 0.3 0.1 1800 852 2652 
Handa 2013 135 270 383 0 0 0 0 0 
St Kilda 2012 181 362 514 0 0 0 0 0 
UK Non-SPA western colonies 2000 100 200 284 0 0 0 0 0 
          
Total overseas       626 356 982 
Total UK       5,092 2,410 7,503 
Total       5,718 2,766 8,485 
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Table 35. BDMPS for great skua in spring migration (March-April) in ‘UK western waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion 
of adults in 
UK western 
waters in 
spring 


Proportion of 
immatures in 
UK western 
waters in 
spring 


UK 
western 
Number 
adults 


UK western 
Number 
immatures 


UK western 
Total birds 


Iceland 1980s 5400 10800 15336 0.3 0.05 3240 767 4007 
Norway 2010 360 720 1022 0.2 0.05 144 51 195 
Faroe 2012 500 1000 1420 0.4 0.05 400 71 471 
Hermaness, Saxavord 2013 979 1958 2780 0.7 0.3 1371 834 2205 
Fetlar 2002 585 1170 1661 0.7 0.3 819 498 1317 
Ronas Hill, North Roe 2002 189 378 537 0.7 0.3 265 161 426 
Foula 2007 1657 3314 4706 0.7 0.3 2320 1412 3732 
Noss 2013 465 930 1321 0.7 0.3 651 396 1047 
Fair Isle 2013 266 532 755 0.7 0.3 372 227 599 
Hoy 2010 1346 2692 3823 0.7 0.3 1884 1147 3031 
UK Non-SPA North Sea colonies 2000 3000 6000 8520 0.7 0.3 4200 2556 6756 
Handa 2013 135 270 383 1 0.4 270 153 423 
St Kilda 2012 181 362 514 1 0.4 362 206 568 
UK Non-SPA western colonies 2000 100 200 284 1 0.4 200 114 314 
          
Total overseas       3,784 889 4,673 
Total UK       12,714 7,704 20,417 
Total       16,498 8,593 25,090 
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Table 36. BDMPS for lesser black-backed gull in autumn migration (August-October) in ‘UK North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea & 
Channel 
waters in 
autumn 


Proportion of 
immatures in 
UK North Sea 
& Channel 
waters in 
autumn 


UK N Sea 
& 
Channel 
Number 
adults 


UK N Sea & 
Channel 
Number 
immatures 


UK N Sea & 
Channel 
Total birds 


Iceland 1990s 25000 50000 34000 0.2 0.1 10000 3400 13400 
Norway 1990s 30000 60000 40800 0.3 0.1 18000 4080 22080 
Faroe 2012 9000 18000 12240 0.4 0.2 7200 2448 9648 
Sweden 1990s 18000 36000 24480 0.1 0.05 3600 1224 4824 
Denmark 1990s 4400 8800 5984 0.1 0.05 880 299 1179 
Ireland 2000 3800 7600 5168 0.1 0.05 760 258 1018 
Netherlands 2012 80000 160000 108800 0.05 0.025 8000 2720 10720 
Forth Islands 2005-09 1608 3216 2187 1 0.7 3216 1531 4747 
Alde-Ore Estuary 2012 640 1280 870 1 0.7 1280 609 1889 
UK North Sea non-SPA cols 2000 13000 26000 17680 1 0.7 26000 12376 38376 
Ailsa Craig 2010 183 366 249 0.5 0.4 183 100 283 
Rathlin Island 2011 107 214 146 0.5 0.4 107 58 165 
Lough Neagh & Lough Beg 2000 493 986 670 0.5 0.4 493 268 761 
Bowland Fells 2008-12 4575 9150 6222 0.5 0.4 4575 2489 7064 
Morcambe Bay 2012 4987 9974 6782 0.5 0.4 4987 2713 7700 
Ribble & Alt Estuaries 2012 8267 16534 11243 0.5 0.4 8267 4497 12764 
Skokholm, Skomer, Mholm 2013 9640 19280 13110 0.3 0.3 5784 3933 9717 
Isles of Scilly 2006 3400 6800 4624 0.1 0.05 680 231 911 
UK Western non-SPA colonies 2000 40000 80000 54400 0.5 0.4 40000 21760 61760 
Total overseas       48,440 14,430 62,870 
Total UK       95,572 50,565 146,137 
Total       144,012 64,995 209,007 
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Table 37. BDMPS for lesser black-backed gull in autumn migration (August-October) in ‘UK western waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western 
waters in 
autumn 


Proportion 
immatures in 
UK western 
waters in 
autumn 


UK 
western 
Number 
adults 


UK western 
Number 
immatures 


UK western 
Total birds 


Iceland 1990s 25000 50000 34000 0.2 0.1 10000 3400 13400 
Norway 1990s 30000 60000 40800 0.1 0.05 6000 2040 8040 
Faroe 2012 9000 18000 12240 0.4 0.2 7200 2448 9648 
Sweden 1990s 18000 36000 24480 0.05 0.02 1800 490 2290 
Denmark 1990s 4400 8800 5984 0.05 0.02 440 120 560 
Ireland 2000 3800 7600 5168 0.4 0.2 3040 1034 4074 
Netherlands 2012 80000 160000 108800 0.025 0.01 4000 1088 5088 
Forth Islands 2005-09 1608 3216 2187 0 0.1 0 219 219 
Alde-Ore Estuary 2012 640 1280 870 0 0.1 0 87 87 
UK North Sea non-SPA cols 2000 13000 26000 17680 0 0.1 0 1768 1768 
Ailsa Craig 2010 183 366 249 0.5 0.4 183 100 283 
Rathlin Island 2011 107 214 146 0.5 0.4 107 58 165 
Lough Neagh & Lough Beg 2000 493 986 670 0.5 0.4 493 268 761 
Bowland Fells 2008-12 4575 9150 6222 0.5 0.4 4575 2489 7064 
Morcambe Bay 2012 4987 9974 6782 0.5 0.4 4987 2713 7700 
Ribble & Alt Estuaries 2012 8267 16534 11243 0.5 0.4 8267 4497 12764 
Skokholm, Skomer, Mholm 2013 9640 19280 13110 0.7 0.4 13496 5244 18740 
Isles of Scilly 2006 3400 6800 4624 0.9 0.6 6120 2774 8894 
UK Western non-SPA cols 2000 40000 80000 54400 0.5 0.4 40000 21760 61760 
Total overseas       32,480 10,619 43,099 
Total UK       78,228 41,977 120,205 
Total       110,708 52,596 163,304 
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Table 38. BDMPS for lesser black-backed gull in winter (November to February) in ‘UK North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea & 
Channel 
waters in 
winter 


Proportion 
immatures in 
UK North Sea 
& Channel 
waters in 
winter 


UK N Sea 
& Channel 
Number 
adults 


UK N Sea & 
Channel 
Number 
immatures 


UK N Sea 
& Channel 
Total birds 


Iceland 1990s 25000 50000 34000 0.05 0 2500 0 2500 
Norway 1990s 30000 60000 40800 0.05 0 3000 0 3000 
Faroe 2012 9000 18000 12240 0.05 0 900 0 900 
Sweden 1990s 18000 36000 24480 0.01 0 360 0 360 
Denmark 1990s 4400 8800 5984 0.01 0 88 0 88 
Ireland 2000 3800 7600 5168 0.01 0 76 0 76 
Netherlands 2012 80000 160000 108800 0.005 0 800 0 800 
Forth Islands 2005-09 1608 3216 2187 0.5 0.05 1608 109 1717 
Alde-Ore Estuary 2012 640 1280 870 0.5 0.05 640 44 684 
UK North Sea non-SPA cols 2000 13000 26000 17680 0.5 0.05 13000 884 13884 
Ailsa Craig 2010 183 366 249 0.1 0.01 37 2 39 
Rathlin Island 2011 107 214 146 0.1 0.01 21 1 23 
Lough Neagh & Lough Beg 2000 493 986 670 0.1 0.01 99 7 105 
Bowland Fells 2008-12 4575 9150 6222 0.1 0.01 915 62 977 
Morcambe Bay 2012 4987 9974 6782 0.1 0.01 997 68 1065 
Ribble & Alt Estuaries 2012 8267 16534 11243 0.1 0.01 1653 112 1766 
Skokholm, Skomer, Mholm 2013 9640 19280 13110 0.1 0.01 1928 131 2059 
Isles of Scilly 2006 3400 6800 4624 0.1 0.01 680 46 726 
UK Western non-SPA cols 2000 40000 80000 54400 0.1 0.01 8000 544 8544 
Total overseas       7,724 0 7,724 
Total UK       29,578 2,011 31,590 
Total       37,302 2,011 39,314 
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Table 39. BDMPS for lesser black-backed gull in winter (November to February) in ‘UK western waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western 
waters in 
winter 


Proportion 
immatures in 
UK western 
waters in 
winter 


UK 
western 
Number 
adults 


UK western 
Number 
immatures 


UK 
western 
Total birds 


Iceland 1990s 25000 50000 34000 0.05 0 2500 0 2500 
Norway 1990s 30000 60000 40800 0.02 0 1200 0 1200 
Faroe 2012 9000 18000 12240 0.05 0 900 0 900 
Sweden 1990s 18000 36000 24480 0.01 0 360 0 360 
Denmark 1990s 4400 8800 5984 0.01 0 88 0 88 
Ireland 2000 3800 7600 5168 0.2 0.05 1520 258 1778 
Netherlands 2012 80000 160000 108800 0.005 0 800 0 800 
Forth Islands 2005-09 1608 3216 2187 0 0 0 0 0 
Alde-Ore Estuary 2012 640 1280 870 0 0 0 0 0 
UK North Sea non-SPA cols 2000 13000 26000 17680 0 0 0 0 0 
Ailsa Craig 2010 183 366 249 0.2 0.05 73 12 86 
Rathlin Island 2011 107 214 146 0.2 0.05 43 7 50 
Lough Neagh & Lough Beg 2000 493 986 670 0.2 0.05 197 34 231 
Bowland Fells 2008-12 4575 9150 6222 0.2 0.05 1830 311 2141 
Morcambe Bay 2012 4987 9974 6782 0.2 0.05 1995 339 2334 
Ribble & Alt Estuaries 2012 8267 16534 11243 0.2 0.05 3307 562 3869 
Skokholm, Skomer, Mholm 2013 9640 19280 13110 0.2 0.05 3856 656 4511 
Isles of Scilly 2006 3400 6800 4624 0.2 0.05 1360 231 1591 
UK Western non-SPA cols 2000 40000 80000 54400 0.2 0.05 16000 2720 18720 
Total overseas       7,368 258 7,626 
Total UK       28,661 4,872 33,533 
Total       36,029 5,130 41,159 
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Table 40. BDMPS for lesser black-backed gull in spring migration (March-April) in ‘UK North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea & 
Channel 
waters in 
spring 


Proportion 
immatures in 
UK North Sea 
& Channel 
waters in 
spring 


UK N Sea 
& Channel 
Number 
adults 


UK N Sea & 
Channel 
Number 
immatures 


UK N Sea 
& Channel 
Total birds 


Iceland 1990s 25000 50000 34000 0.1 0.05 5000 1700 6700 
Norway 1990s 30000 60000 40800 0.3 0.1 18000 4080 22080 
Faroe 2012 9000 18000 12240 0.2 0.1 3600 1224 4824 
Sweden 1990s 18000 36000 24480 0.1 0.05 3600 1224 4824 
Denmark 1990s 4400 8800 5984 0.1 0.05 880 299 1179 
Ireland 2000 3800 7600 5168 0.1 0.05 760 258 1018 
Netherlands 2012 80000 160000 108800 0.05 0.025 8000 2720 10720 
Forth Islands 2005-09 1608 3216 2187 1 0.7 3216 1531 4747 
Alde-Ore Estuary 2012 640 1280 870 1 0.7 1280 609 1889 
UK North Sea non-SPA cols 2000 13000 26000 17680 1 0.7 26000 12376 38376 
Ailsa Craig 2010 183 366 249 0.5 0.4 183 100 283 
Rathlin Island 2011 107 214 146 0.5 0.4 107 58 165 
Lough Neagh & Lough Beg 2000 493 986 670 0.5 0.4 493 268 761 
Bowland Fells 2008-12 4575 9150 6222 0.5 0.4 4575 2489 7064 
Morcambe Bay 2012 4987 9974 6782 0.5 0.4 4987 2713 7700 
Ribble & Alt Estuaries 2012 8267 16534 11243 0.5 0.4 8267 4497 12764 
Skokholm, Skomer, Mholm 2013 9640 19280 13110 0.3 0.3 5784 3933 9717 
Isles of Scilly 2006 3400 6800 4624 0.1 0.05 680 231 911 
UK Western non-SPA cols 2000 40000 80000 54400 0.5 0.4 40000 21760 61760 
Total overseas       39,840 11,506 51,346 
Total UK       95,572 50,565 146,137 
Total       135,412 62,071 197,483 
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Table 41. BDMPS for lesser black-backed gull in spring migration (March-April) in ‘UK western waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western 
waters in 
spring 


Proportion 
immatures in 
UK western 
waters in 
spring 


UK 
western 
Number 
adults 


UK western 
Number 
immatures 


UK 
western 
Total birds 


Iceland 1990s 25000 50000 34000 0.2 0.1 10000 3400 13400 
Norway 1990s 30000 60000 40800 0.1 0.05 6000 2040 8040 
Faroe 2012 9000 18000 12240 0.4 0.2 7200 2448 9648 
Sweden 1990s 18000 36000 24480 0.05 0.02 1800 490 2290 
Denmark 1990s 4400 8800 5984 0.05 0.02 440 120 560 
Ireland 2000 3800 7600 5168 0.4 0.2 3040 1034 4074 
Netherlands 2012 80000 160000 108800 0.025 0.01 4000 1088 5088 
Forth Islands 2005-09 1608 3216 2187 0 0.1 0 219 219 
Alde-Ore Estuary 2012 640 1280 870 0 0.1 0 87 87 
UK North Sea non-SPA  2000 13000 26000 17680 0 0.1 0 1768 1768 
Ailsa Craig 2010 183 366 249 0.5 0.4 183 100 283 
Rathlin Island 2011 107 214 146 0.5 0.4 107 58 165 
Lough Neagh & L. Beg 2000 493 986 670 0.5 0.4 493 268 761 
Bowland Fells 2008-12 4575 9150 6222 0.5 0.4 4575 2489 7064 
Morcambe Bay 2012 4987 9974 6782 0.5 0.4 4987 2713 7700 
Ribble & Alt Estuaries 2012 8267 16534 11243 0.5 0.4 8267 4497 12764 
Skokholm, Skomer, Mholm 2013 9640 19280 13110 0.7 0.4 13496 5244 18740 
Isles of Scilly 2006 3400 6800 4624 0.9 0.6 6120 2774 8894 
UK Western non-SPA cols 2000 40000 80000 54400 0.5 0.4 40000 21760 61760 
Total overseas       32,480 10,619 43,100 
Total UK       78,228 41,977 120,205 
Total       110,708 52,596 163,305 
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Table 42. BDMPS for herring gull in non-breeding season (September to February) in ‘UK North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea & 
Channel 
waters non-
breeding 
season 


Proportion 
immatures in 
UK North Sea 
& Channel 
waters non-
breeding 
season 


UK N Sea 
& Channel 
Number 
adults 


UK N Sea & 
Channel 
Number 
immatures 


UK N Sea 
& Channel 
Total 
birds 


Barents Sea 2000 126000 252000 274680 0.2 0.3 50400 82404 132804 
Faroe 2012 1500 3000 3270 0.2 0.3 600 981 1581 
Ireland 2000 5000 10000 10900 0.02 0.05 200 545 745 
East Caithness Cliffs 1999 3393 6786 7397 0.99 0.95 6718 7027 13745 
Troup, Pennan & Lions 2007 1597 3194 3481 0.99 0.95 3162 3307 6469 
Buchan Ness to Collieston 2010 3114 6228 6789 0.99 0.95 6166 6449 12615 
Fowlsheugh 2012 259 518 565 0.99 0.95 513 536 1049 
Forth Islands 2005-09 2827 5654 6163 0.99 0.95 5597 5855 11452 
St Abbs Head/ Fast Castle 2013 239 478 521 0.99 0.95 473 495 968 
Flamborough & Filey Coast 2010 495 990 1079 0.99 0.95 980 1025 2005 
Alde-Ore Estuary 2006 800 1600 1744 0.99 0.95 1584 1657 3241 
UK North Sea non-SPA cols 2000 65000 130000 141700 0.99 0.95 128700 134615 263315 
Canna & Sanday 2011 63 126 137 0.05 0.1 6 14 20 
Ailsa Craig 2013 129 258 281 0.05 0.1 13 28 41 
Rathlin Island 2011 28 56 61 0.05 0.1 3 6 9 
Morecambe Bay 2012 1734 3468 3780 0.05 0.1 173 378 551 
UK western non-SPA cols 2000 50000 100000 109000 0.05 0.1 5000 10900 15900 
          
Total overseas       51,200 83,930 135,130 
Total UK       159,089 172,292 331,381 
Total       210,289 256,222 466,511 
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Table 43. BDMPS for herring gull in non-breeding season (September to February) in ‘UK western waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western waters 
non-breeding 
season 


Proportion 
immatures in 
UK western 
waters non-
breeding 
season 


UK 
western 
Number 
adults 


UK western 
Number 
immatures 


UK 
western 
Total birds 


Barents Sea 2000 126000 252000 274680 0.001 0.005 252 1373 1625 
Faroe 2012 1500 3000 3270 0.2 0.3 600 981 1581 
Ireland 2000 5000 10000 10900 0.3 0.4 3000 4360 7360 
East Caithness Cliffs 1999 3393 6786 7397 0.001 0.001 7 7 14 
Troup, Pennan & Lions 2007 1597 3194 3481 0.001 0.001 3 3 7 
Buchan Ness to Collieston 2010 3114 6228 6789 0.001 0.001 6 7 13 
Fowlsheugh 2012 259 518 565 0.001 0.001 1 1 1 
Forth Islands 2005-09 2827 5654 6163 0.001 0.001 6 6 12 
St Abbs Head/ Fast Castle 2013 239 478 521 0.001 0.001 0 1 1 
Flamborough & Filey Coast 2010 495 990 1079 0.001 0.001 1 1 2 
Alde-Ore Estuary 2006 800 1600 1744 0.001 0.001 2 2 3 
UK North Sea non-SPA cols 2000 65000 130000 141700 0.001 0.001 130 142 272 
Canna & Sanday 2011 63 126 137 0.8 0.7 101 96 197 
Ailsa Craig 2013 129 258 281 0.8 0.7 206 197 403 
Rathlin Island 2011 28 56 61 0.8 0.7 45 43 88 
Morecambe Bay 2012 1734 3468 3780 0.8 0.7 2774 2646 5420 
UK western non-SPA cols 2000 50000 100000 109000 0.8 0.7 80000 76300 156300 
Total overseas       3,852 6,714 10,566 
Total UK       83,282 79,451 162,733 
Total       87,134 86,165 173,299 
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Table 44. BDMPS for great black-backed gull in non-breeding season (September to March) in ‘UK North Sea waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea 
waters non-
breeding 
season 


Proportion of 
immatures in 
UK North Sea 
waters non-
breeding 
season 


UK N Sea 
Number 
adults 


UK N Sea 
Number 
immatures 


UK N Sea 
Total 
birds 


Barents Sea 1990s* 33000 66000 83160 0.3 0.5 19800 41580 61380 
Faroe 2012 1000 2000 2520 0.3 0.3 600 756 1356 
Ireland 2000 2000 4000 5040 0 0 0 0 0 
Calf of Eday 2006 281 562 708 1 1 562 708 1270 
Copinsay 2010 218 436 549 1 1 436 549 985 
Hoy 2011 60 120 151 1 1 120 151 271 
East Caithness Cliffs 1999 175 350 441 1 1 350 441 791 
UK North Sea non-SPA 
colonies 


2000 5000 10000 12600 1 1 10000 12600 22600 


North Rona & Sula Sgeir 2012 191 382 481 0.01 0.1 4 48 52 
Isles of Scilly 2006 901 1802 2271 0.01 0.1 18 227 245 
UK western non-SPA colonies 2000 9000 18000 22680 0.01 0.1 180 2268 2448 
          
Total overseas       20,400 42,336 62,736 
Total UK       11,670 16,993 28,663 
Total       32,070 59,329 91,399 
*updated to 2012 by R.T. Barrett pers. comm. 
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Table 45. BDMPS for great black-backed gull in non-breeding season (September to March) in ‘UK west of Scotland waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in west 
of Scotland 
waters non-
breeding 
season 


Proportion of 
immatures in 
UK west of 
Scotland 
waters non-
breeding 
season 


west of 
Scotland 
Number 
adults 


west of 
Scotland 
Number 
immatures 


west of 
Scotland 
Total birds 


Barents Sea 1990s* 33000 66000 83160 0.01 0.08 660 6653 7313 
Faroe 2012 1000 2000 2520 0.1 0.3 200 756 956 
Ireland 2000 2000 4000 5040 0.1 0.2 400 1008 1408 
Calf of Eday 2006 281 562 708 0 0 0 0 0 
Copinsay 2010 218 436 549 0 0 0 0 0 
Hoy 2011 60 120 151 0 0 0 0 0 
East Caithness Cliffs 1999 175 350 441 0 0 0 0 0 
UK North Sea non-SPA 
colonies 


2000 5000 10000 12600 0 0 0 0 0 


North Rona & Sula Sgeir 2012 191 382 481 0.99 0.8 378 385 763 
Isles of Scilly 2006 901 1802 2271 0 0 0 0 0 
UK western non-SPA colonies 2000 9000 18000 22680 0.7 0.5 12600 11340 23940 
          
Total overseas       1,260 8,417 9,677 
Total UK       12,978 11,725 24,703 
Total       14,238 20,142 34,380 
*updated to 2012 by R.T. Barrett pers. comm. 
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Table 46. BDMPS for great black-backed gull in non-breeding season (September to March) in ‘UK south-west & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
south-west & 
Channel 
waters non-
breeding 
season 


Proportion of 
immatures in 
UK south-west 
& Channel 
waters non-
breeding 
season 


UK south-
west & 
Channel 
Number 
adults 


UK south-
west & 
Channel 
Number 
immatures 


UK south-
west & 
Channel 
Total birds 


Barents Sea 1990s* 33000 66000 83160 0 0.02 0 1663 1663 
Faroe 2012 1000 2000 2520 0 0.2 0 504 504 
Ireland 2000 2000 4000 5040 0.1 0.3 400 1512 1912 
Calf of Eday 2006 281 562 708 0 0 0 0 0 
Copinsay 2010 218 436 549 0 0 0 0 0 
Hoy 2011 60 120 151 0 0 0 0 0 
East Caithness Cliffs 1999 175 350 441 0 0 0 0 0 
UK North Sea non-SPA 
colonies 


2000 5000 10000 12600 0 0 0 0 0 


North Rona & Sula Sgeir 2012 191 382 481 0 0.1 0 48 48 
Isles of Scilly 2006 901 1802 2271 0.9 0.7 1622 1589 3211 
UK western non-SPA colonies 2000 9000 18000 22680 0.2 0.3 3600 6804 10404 
          
Total overseas       400 3,679 4,079 
Total UK       5,222 8,441 13,663 
Total       5,622 12,120 17,742 
*updated to 2012 by R.T. Barrett pers. comm. 
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Table 47. BDMPS for black-legged kittiwake in autumn migration (August to December) in ‘UK North Sea waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion 
of adults in 
UK North 
Sea waters 
in autumn 


Proportion of 
immatures in 
UK North Sea 
waters in 
autumn 


UK N Sea 
Number 
adults 


UK N Sea 
Number 
immatures 


UK N Sea 
Total 
birds 


Russia 2000 140000 280000 246400 0.1 0.1 28000 24640 52640 
Norway 2010 700000 1400000 1232000 0.1 0.1 140000 123200 263200 
Faroe 2012 200000 400000 352000 0.1 0.1 40000 35200 75200 
Germany 2010 6000 12000 10560 0.1 0.1 1200 1056 2256 
France 2010 4000 8000 7040 0.05 0.05 400 352 752 
Ireland 2000 20000 40000 35200 0.05 0.05 2000 1760 3760 
Hermaness, Saxavord 2009 391 782 688 0.6 0.4 469 275 744 
Foula 2013 327 654 576 0.6 0.4 392 230 623 
Noss 2010 507 1014 892 0.6 0.4 608 357 965 
Sumburgh Head 2013 210 420 370 0.6 0.4 252 148 400 
Fair Isle 2013 771 1542 1357 0.6 0.4 925 543 1468 
West Westray 2007 12055 24110 21217 0.6 0.4 14466 8487 22953 
Calf of Eday 2006 747 1494 1315 0.6 0.4 896 526 1422 
Marwick Head 2013 526 1052 926 0.6 0.4 631 370 1002 
Rousay 2009 1764 3528 3105 0.6 0.4 2117 1242 3359 
Copinsay 2012 666 1332 1172 0.6 0.4 799 469 1268 
Hoy 2007 397 794 699 0.6 0.4 476 279 756 
North Caithness Cliffs 2000 10150 20300 17864 0.6 0.4 12180 7146 19326 
East Caithness Cliffs 1999 40410 80820 71122 0.6 0.4 48492 28449 76941 
Troup, Pennan & Lions Heads 2007 14896 29792 26217 0.6 0.4 17875 10487 28362 
Buchan Ness to Collieston 2007 12542 25084 22074 0.6 0.4 15050 8830 23880 
Fowlsheugh 2012 9337 18674 16433 0.6 0.4 11204 6573 17778 
Forth Islands 2013 3100 6200 5456 0.6 0.4 3720 2182 5902 
St Abbs Head to Fast Castle 2013 3403 6806 5989 0.6 0.4 4084 2396 6479 
Farne Islands 2013 3443 6886 6060 0.6 0.4 4132 2424 6555 
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Flamborough and Filey 2008 37617 75234 66206 0.6 0.4 45140 26482 71623 
UK North Sea non-SPA colonies 2000* 70000 140000 123200 0.6 0.4 84000 49280 133280 
Cape Wrath 2000 10344 20688 18205 0.01 0.05 207 910 1117 
North Rona & Sula Sgeir 2012 1253 2506 2205 0.01 0.05 25 110 135 
Handa 2013 1872 3744 3295 0.01 0.05 37 165 202 
St Kilda 2008 957 1914 1684 0.01 0.05 19 84 103 
Flannan Isles 1998 1392 2784 2450 0.01 0.05 28 122 150 
Shiant Isles 2008 549 1098 966 0.01 0.05 11 48 59 
Canna & Sanday 2013 820 1640 1443 0.01 0.05 16 72 89 
Rum 2000 788 1576 1387 0.01 0.05 16 69 85 
Mingulay & Berneray 2009 2228 4456 3921 0.01 0.05 45 196 241 
North Colonsay & Western Cliffs 2000 5563 11126 9791 0.01 0.05 111 490 601 
Ailsa Craig 2013 489 978 861 0.01 0.05 10 43 53 
Rathlin Island 2011 7922 15844 13943 0.01 0.05 158 697 856 
Skomer, Skokholm, Middleholm 2013 1045 2090 1839 0.01 0.05 21 92 113 
UK Western non-SPA colonies 2000* 30000 60000 52800 0.01 0.05 600 2640 3240 
          
Total overseas       211,600 186,208 397,808 
Total UK       269,215 162,914 432,129 
Total       480,815 349,122 829,937 
*updated to 2012 using trend in Foster & Marrs 2012 and JNCC database 
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Table 48. BDMPS for black-legged kittiwake in autumn migration (August to December) in ‘UK western waters & Channel’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion 
of adults in 
UK western 
waters 
(including 
Channel) in 
autumn 


Proportion of 
immatures in 
UK western 
waters 
(including 
Channel) 
waters in 
autumn 


UK 
western 
waters & 
Channel 
Number 
adults 


UK western 
waters & 
Channel 
Number 
immatures 


UK 
western 
waters & 
Channel 
Total 
birds 


Russia 2000 140000 280000 246400 0.1 0.1 28000 24640 52640 
Norway 2010 700000 1400000 1232000 0.15 0.15 210000 184800 394800 
Faroe 2012 200000 400000 352000 0.2 0.2 80000 70400 150400 
Germany 2010 6000 12000 10560 0.05 0.05 600 528 1128 
France 2010 4000 8000 7040 0.1 0.1 800 704 1504 
Ireland 2000 20000 40000 35200 0.3 0.2 12000 7040 19040 
Hermaness, Saxavord 2009 391 782 688 0.2 0.2 156 138 294 
Foula 2013 327 654 576 0.2 0.2 131 115 246 
Noss 2010 507 1014 892 0.2 0.2 203 178 381 
Sumburgh Head 2013 210 420 370 0.2 0.2 84 74 158 
Fair Isle 2013 771 1542 1357 0.2 0.2 308 271 580 
West Westray 2007 12055 24110 21217 0.2 0.2 4822 4243 9065 
Calf of Eday 2006 747 1494 1315 0.2 0.2 299 263 562 
Marwick Head 2013 526 1052 926 0.2 0.2 210 185 396 
Rousay 2009 1764 3528 3105 0.2 0.2 706 621 1327 
Copinsay 2012 666 1332 1172 0.2 0.2 266 234 501 
Hoy 2007 397 794 699 0.2 0.2 159 140 299 
North Caithness Cliffs 2000 10150 20300 17864 0.2 0.2 4060 3573 7633 
East Caithness Cliffs 1999 40410 80820 71122 0.2 0.2 16164 14224 30388 
Troup, Pennan & Lions Heads 2007 14896 29792 26217 0.2 0.2 5958 5243 11202 
Buchan Ness to Collieston 2007 12542 25084 22074 0.2 0.2 5017 4415 9432 
Fowlsheugh 2012 9337 18674 16433 0.2 0.2 3735 3287 7021 
Forth Islands 2013 3100 6200 5456 0.2 0.2 1240 1091 2331 
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St Abbs Head to Fast Castle 2013 3403 6806 5989 0.2 0.2 1361 1198 2559 
Farne Islands 2013 3443 6886 6060 0.2 0.2 1377 1212 2589 
Flamborough and Filey 2008 37617 75234 66206 0.2 0.2 15047 13241 28288 
UK North Sea non-SPA colonies 2000* 70000 140000 123200 0.2 0.2 28000 24640 52640 
Cape Wrath 2000 10344 20688 18205 0.6 0.4 12413 7282 19695 
North Rona & Sula Sgeir 2012 1253 2506 2205 0.6 0.4 1504 882 2386 
Handa 2013 1872 3744 3295 0.6 0.4 2246 1318 3564 
St Kilda 2008 957 1914 1684 0.6 0.4 1148 674 1822 
Flannan Isles 1998 1392 2784 2450 0.6 0.4 1670 980 2650 
Shiant Isles 2008 549 1098 966 0.6 0.4 659 386 1045 
Canna & Sanday 2013 820 1640 1443 0.6 0.4 984 577 1561 
Rum 2000 788 1576 1387 0.6 0.4 946 555 1500 
Mingulay & Berneray 2009 2228 4456 3921 0.6 0.4 2674 1569 4242 
North Colonsay & Western Cliffs 2000 5563 11126 9791 0.6 0.4 6676 3916 10592 
Ailsa Craig 2013 489 978 861 0.6 0.4 587 344 931 
Rathlin Island 2011 7922 15844 13943 0.6 0.4 9506 5577 15083 
Skomer, Skokholm, Middleholm 2013 1045 2090 1839 0.6 0.4 1254 736 1990 
UK Western non-SPA colonies 2000* 30000 60000 52800 0.6 0.4 36000 21120 57120 
          
Total overseas       331,400 288,112 619,512 
Total UK       167,570 124,503 292,074 
Total       498,970 412,615 911,586 
*updated to 2012 using trend in Foster & Marrs 2012 and JNCC database 
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Table 49. BDMPS for black-legged kittiwake in spring migration (January to April) in ‘UK North Sea waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion 
of adults in 
UK North 
Sea waters 
in spring 


Proportion of 
immatures in 
UK North Sea 
waters in 
spring 


UK N Sea 
Number 
adults 


UK N Sea 
Number 
immatures 


UK N Sea 
Total birds 


Russia 2000 140000 280000 246400 0.05 0.07 14000 17248 31248 
Norway 2010 700000 1400000 1232000 0.05 0.07 70000 86240 156240 
Faroe 2012 200000 400000 352000 0.05 0.07 20000 24640 44640 
Germany 2010 6000 12000 10560 0.15 0.25 1800 2640 4440 
France 2010 4000 8000 7040 0.05 0.1 400 704 1104 
Ireland 2000 20000 40000 35200 0.01 0.01 400 352 752 
Hermaness, Saxavord 2009 391 782 688 0.6 0.3 469 206 676 
Foula 2013 327 654 576 0.6 0.3 392 173 565 
Noss 2010 507 1014 892 0.6 0.3 608 268 876 
Sumburgh Head 2013 210 420 370 0.6 0.3 252 111 363 
Fair Isle 2013 771 1542 1357 0.6 0.3 925 407 1332 
West Westray 2007 12055 24110 21217 0.6 0.3 14466 6365 20831 
Calf of Eday 2006 747 1494 1315 0.6 0.3 896 394 1291 
Marwick Head 2013 526 1052 926 0.6 0.3 631 278 909 
Rousay 2009 1764 3528 3105 0.6 0.3 2117 931 3048 
Copinsay 2012 666 1332 1172 0.6 0.3 799 352 1151 
Hoy 2007 397 794 699 0.6 0.3 476 210 686 
North Caithness Cliffs 2000 10150 20300 17864 0.6 0.3 12180 5359 17539 
East Caithness Cliffs 1999 40410 80820 71122 0.6 0.3 48492 21336 69828 
Troup, Pennan & Lions Heads 2007 14896 29792 26217 0.6 0.3 17875 7865 25740 
Buchan Ness to Collieston 2007 12542 25084 22074 0.6 0.3 15050 6622 21673 
Fowlsheugh 2012 9337 18674 16433 0.6 0.3 11204 4930 16134 
Forth Islands 2013 3100 6200 5456 0.6 0.3 3720 1637 5357 
St Abbs Head to Fast Castle 2013 3403 6806 5989 0.6 0.3 4084 1797 5880 
Farne Islands 2013 3443 6886 6060 0.6 0.3 4132 1818 5950 
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Flamborough and Filey 2008 37617 75234 66206 0.6 0.3 45140 19862 65002 
UK North Sea non-SPA colonies 2000* 70000 140000 123200 0.6 0.3 84000 36960 120960 
Cape Wrath 2000 10344 20688 18205 0.01 0.02 207 364 571 
North Rona & Sula Sgeir 2012 1253 2506 2205 0.01 0.02 25 44 69 
Handa 2013 1872 3744 3295 0.01 0.02 37 66 103 
St Kilda 2008 957 1914 1684 0.01 0.02 19 34 53 
Flannan Isles 1998 1392 2784 2450 0.01 0.02 28 49 77 
Shiant Isles 2008 549 1098 966 0.01 0.02 11 19 30 
Canna & Sanday 2013 820 1640 1443 0.01 0.02 16 29 45 
Rum 2000 788 1576 1387 0.01 0.02 16 28 43 
Mingulay & Berneray 2009 2228 4456 3921 0.01 0.02 45 78 123 
North Colonsay & Western Cliffs 2000 5563 11126 9791 0.01 0.02 111 196 307 
Ailsa Craig 2013 489 978 861 0.01 0.02 10 17 27 
Rathlin Island 2011 7922 15844 13943 0.01 0.02 158 279 437 
Skomer, Skokholm, Middleholm 2013 1045 2090 1839 0.01 0.02 21 37 58 
UK Western non-SPA colonies 2000* 30000 60000 52800 0.01 0.02 600 1056 1656 
          
Total overseas       106,600 131,824 238,424 
Total UK       269,215 120,177 389,392 
Total       375,815 252,001 627,816 
*updated to 2012 using trend in Foster & Marrs 2012 and JNCC database 
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Table 50. BDMPS for black-legged kittiwake in spring migration (January to April) in ‘UK western waters & Channel’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion 
of adults in 
UK western 
waters 
(including 
Channel) in 
spring 


Proportion of 
immatures in 
UK western 
waters 
(including 
Channel) 
waters in 
spring 


UK 
western 
waters & 
Channel 
Number 
adults 


UK western 
waters & 
Channel 
Number 
immatures 


UK 
western 
waters & 
Channel 
Total birds 


Russia 2000 140000 280000 246400 0.05 0.1 14000 24640 38640 
Norway 2010 700000 1400000 1232000 0.05 0.1 70000 123200 193200 
Faroe 2012 200000 400000 352000 0.1 0.1 40000 35200 75200 
Germany 2010 6000 12000 10560 0.05 0.05 600 528 1128 
France 2010 4000 8000 7040 0.1 0.1 800 704 1504 
Ireland 2000 20000 40000 35200 0.3 0.2 12000 7040 19040 
Hermaness, Saxavord 2009 391 782 688 0.3 0.2 235 138 372 
Foula 2013 327 654 576 0.3 0.2 196 115 311 
Noss 2010 507 1014 892 0.3 0.2 304 178 483 
Sumburgh Head 2013 210 420 370 0.3 0.2 126 74 200 
Fair Isle 2013 771 1542 1357 0.3 0.2 463 271 734 
West Westray 2007 12055 24110 21217 0.3 0.2 7233 4243 11476 
Calf of Eday 2006 747 1494 1315 0.3 0.2 448 263 711 
Marwick Head 2013 526 1052 926 0.3 0.2 316 185 501 
Rousay 2009 1764 3528 3105 0.3 0.2 1058 621 1679 
Copinsay 2012 666 1332 1172 0.3 0.2 400 234 634 
Hoy 2007 397 794 699 0.3 0.2 238 140 378 
North Caithness Cliffs 2000 10150 20300 17864 0.3 0.2 6090 3573 9663 
East Caithness Cliffs 1999 40410 80820 71122 0.3 0.2 24246 14224 38470 
Troup, Pennan & Lions Heads 2007 14896 29792 26217 0.3 0.2 8938 5243 14181 
Buchan Ness to Collieston 2007 12542 25084 22074 0.3 0.2 7525 4415 11940 
Fowlsheugh 2012 9337 18674 16433 0.3 0.2 5602 3287 8889 
Forth Islands 2013 3100 6200 5456 0.3 0.2 1860 1091 2951 
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St Abbs Head to Fast Castle 2013 3403 6806 5989 0.3 0.2 2042 1198 3240 
Farne Islands 2013 3443 6886 6060 0.3 0.2 2066 1212 3278 
Flamborough and Filey 2008 37617 75234 66206 0.3 0.2 22570 13241 35811 
UK North Sea non-SPA colonies 2000* 70000 140000 123200 0.3 0.2 42000 24640 66640 
Cape Wrath 2000 10344 20688 18205 0.8 0.4 16550 7282 23833 
North Rona & Sula Sgeir 2012 1253 2506 2205 0.8 0.4 2005 882 2887 
Handa 2013 1872 3744 3295 0.8 0.4 2995 1318 4313 
St Kilda 2008 957 1914 1684 0.8 0.4 1531 674 2205 
Flannan Isles 1998 1392 2784 2450 0.8 0.4 2227 980 3207 
Shiant Isles 2008 549 1098 966 0.8 0.4 878 386 1265 
Canna & Sanday 2013 820 1640 1443 0.8 0.4 1312 577 1889 
Rum 2000 788 1576 1387 0.8 0.4 1261 555 1816 
Mingulay & Berneray 2009 2228 4456 3921 0.8 0.4 3565 1569 5133 
North Colonsay & Western Cliffs 2000 5563 11126 9791 0.8 0.4 8901 3916 12817 
Ailsa Craig 2013 489 978 861 0.8 0.4 782 344 1127 
Rathlin Island 2011 7922 15844 13943 0.8 0.4 12675 5577 18252 
Skomer, Skokholm, Middleholm 2013 1045 2090 1839 0.8 0.4 1672 736 2408 
UK Western non-SPA colonies 2000* 30000 60000 52800 0.8 0.4 48000 21120 69120 
          
Total overseas       137,400 191,312 328,712 
Total UK       238,311 124,503 362,814 
Total       375,711 315,815 691,526 
*updated to 2012 using trend in Foster & Marrs 2012 and JNCC database 
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Table 51. BDMPS for Sandwich tern in migration seasons (July-September and March-May) in ‘UK North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea & 
Channel 
waters 
migration 


Proportion of 
immatures in 
UK North Sea & 
Channel waters 
on migration 


UK N Sea 
& 
Channel 
Number 
adults 


UK N Sea & 
Channel 
Number 
immatures 


UK N Sea 
& Channel 
Total 
birds 


Norway & Sweden 1990s 700 1400 882 0.1 0.1 140 88 228 
Denmark 1990s 4500 9000 5670 0.1 0.1 900 567 1467 
Germany 1990s 9700 19400 12222 0.1 0.1 1940 1222 3162 
Netherlands 1990s 14500 29000 18270 0.1 0.1 2900 1827 4727 
Belgium 2000 1550 3100 1953 0.1 0.1 310 195 505 
Ireland 2000 1800 3600 2268 0 0 0 0 0 
Loch of Strathbeg 2013 0 0 0 1 0.7 0 0 0 
Ythan Estuary 2013 565 1130 712 1 0.7 1130 498 1628 
Forth Islands 2013 0 0 0 1 0.7 0 0 0 
Farne Islands 2013 824 1648 1038 1 0.7 1648 727 2375 
Coquet Island 2013 670 1340 844 1 0.7 1340 591 1931 
North Norfolk Coast 2012 4135 8270 5210 1 0.7 8270 3647 11917 
Alde-Ore Estuary 2009 2 4 3 1 0.7 4 2 6 
Foulness 2006 0 0 0 1 0.7 0 0 0 
Chichester & Langstone Harb 2013 6 12 8 1 0.7 12 5 17 
Solent & Southampton Water 2008 0 0 0 1 0.7 0 0 0 
UK North Sea non-SPA colonies 2000 3500 7000 4410 1 0.7 7000 3087 10087 
Carlingford Lough 2013 0 0 0 0 0 0 0 0 
Larne Lough 2013 257 514 324 0 0 0 0 0 
Strangford Lough 2012 771 1542 971 0 0 0 0 0 
Morecambe Bay 2011 1 2 1 0 0 0 0 0 
Duddon Estuary 2012 1 2 1 0 0 0 0 0 
Ynys Feurig, Cemlyn Bay 2009 0 0 0 0 0 0 0 0 
UK Western non-SPA colonies 2000 1500 3000 1890 0 0 0 0 0 
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Total overseas       6,190 3,900 10,090 
Total UK       19,404 8,557 27,961 
Total       25,594 12,457 38,051 
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Table 52. BDMPS for Sandwich tern in migration seasons (July-September and March-May) in ‘UK western waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western 
waters on 
migration 


Proportion of 
immatures in 
UK western 
waters on 
migration 


UK 
western 
Number 
adults 


UK western 
Number 
immatures 


UK 
western 
Total 
birds 


Norway & Sweden 1990s 700 1400 882 0.05 0.05 70 44 114 
Denmark 1990s 4500 9000 5670 0.03 0.03 270 170 440 
Germany 1990s 9700 19400 12222 0.02 0.02 388 244 632 
Netherlands 1990s 14500 29000 18270 0.01 0.01 290 183 473 
Belgium 2000 1550 3100 1953 0.01 0.01 31 20 51 
Ireland 2000 1800 3600 2268 0.3 0.3 1080 680 1760 
Loch of Strathbeg 2013 0 0 0 0 0 0 0 0 
Ythan Estuary 2013 565 1130 712 0 0 0 0 0 
Forth Islands 2013 0 0 0 0 0 0 0 0 
Farne Islands 2013 824 1648 1038 0 0 0 0 0 
Coquet Island 2013 670 1340 844 0 0 0 0 0 
North Norfolk Coast 2012 4135 8270 5210 0 0 0 0 0 
Alde-Ore Estuary 2009 2 4 3 0 0 0 0 0 
Foulness 2006 0 0 0 0 0 0 0 0 
Chichester & Langstone Harb 2013 6 12 8 0 0 0 0 0 
Solent & Southampton Water 2008 0 0 0 0 0 0 0 0 
UK North Sea non-SPA colonies 2000 3500 7000 4410 0 0 0 0 0 
Carlingford Lough 2013 0 0 0 1 0.7 0 0 0 
Larne Lough 2013 257 514 324 1 0.7 514 227 741 
Strangford Lough 2012 771 1542 971 1 0.7 1542 680 2222 
Morecambe Bay 2011 1 2 1 1 0.7 2 1 3 
Duddon Estuary 2012 1 2 1 1 0.7 2 1 3 
Ynys Feurig, Cemlyn Bay 2009 0 0 0 1 0.7 0 0 0 
UK Western non-SPA colonies 2000 1500 3000 1890 1 0.7 3000 1323 4323 
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Total overseas       2,129 1,341 3,470 
Total UK       5,060 2,231 7,291 
Total       7,189 3,572 10,761 
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Table 53. BDMPS for roseate tern in migration seasons (August-September and late-April-May) in ‘UK East Coast & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
east coast & 
Channel 
waters on 
migration 


Proportion of 
immatures in 
UK east coast 
& Channel 
waters on 
migration 


UK east 
coast & 
Channel 
Number 
adults 


UK east 
coast & 
Channel 
Number 
immatures 


UK east 
coast & 
Channel 
Total 
birds 


Germany, Netherlands, Belgium 2010 3 6 4 0.05 0.1 0 0 1 
Ireland 2010 750 1500 1125 0.002 0.003 3 3 6 
Forth Islands 2005-09 3 6 4 1 0.6 6 3 9 
Farne Islands 2011 0 0 0 1 0.6 0 0 0 
Coquet Island 2011 78 156 117 1 0.6 156 70 226 
North Norfolk Coast 2010 0 0 0 1 0.6 0 0 0 
Solent & Southampton Water 2009 0 0 0 1 0.6 0 0 0 
UK North Sea non-SPA colonies 2010 3 6 4 1 0.6 6 3 9 
Larne Lough 2011 0 0 0 0 0 0 0 0 
Ynys Feurig, Cemlyn Bay & Skerries 2011 0 0 0 0 0 0 0 0 
UK western non-SPA colonies 2010 0 0 0 0 0 0 0 0 
          
Total overseas       3 4 7 
Total UK       168 76 244 
Total       171 80 251 
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Table 54. BDMPS for roseate tern in migration seasons (August-September and late-April-May) in ‘north and west Scottish waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in N & 
W Scottish 
waters on 
migration 


Proportion of 
immatures in N 
& W Scottish 
waters on 
migration 


N & W 
Scottish 
Number 
adults 


N & W 
Scottish 
Number 
immatures 


N & W 
Scottish 
Total 
birds 


Germany, Netherlands, Belgium 2010 3 6 4 0 0.001 0 0 0 
Ireland 2010 750 1500 1125 0.0005 0.003 1 3 4 
Forth Islands 2005-09 3 6 4 0 0 0 0 0 
Farne Islands 2011 0 0 0 0 0 0 0 0 
Coquet Island 2011 78 156 117 0 0 0 0 0 
North Norfolk Coast 2010 0 0 0 0 0 0 0 0 
Solent & Southampton Water 2009 0 0 0 0 0 0 0 0 
UK North Sea non-SPA colonies 2010 3 6 4 0 0 0 0 0 
Larne Lough 2011 0 0 0 0 0 0 0 0 
Ynys Feurig, Cemlyn Bay & Skerries 2011 0 0 0 0 0 0 0 0 
UK western non-SPA colonies 2010 0 0 0 0 0 0 0 0 
          
Total overseas       1 3 4 
Total UK       0 0 0 
Total       1 3 4 
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Table 55. BDMPS for roseate tern in migration seasons (August-September and late-April-May) in ‘Wales and west England waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in 
Wales & West 
England 
waters on 
migration 


Proportion of 
immatures in 
Wales & West 
England 
waters on 
migration 


Wales & 
West 
England 
Number 
adults 


Wales & 
West 
England 
Number 
immatures 


Wales & 
West 
England 
Total 
birds 


Germany, Netherlands, Belgium 2010 3 6 4 0 0.001 0 0 0 
Ireland 2010 750 1500 1125 0.95 0.6 1425 675 2100 
Forth Islands 2005-09 3 6 4 0 0 0 0 0 
Farne Islands 2011 0 0 0 0 0 0 0 0 
Coquet Island 2011 78 156 117 0 0 0 0 0 
North Norfolk Coast 2010 0 0 0 0 0 0 0 0 
Solent & Southampton Water 2009 0 0 0 0 0 0 0 0 
UK North Sea non-SPA colonies 2010 3 6 4 0 0 0 0 0 
Larne Lough 2011 0 0 0 1 0.6 0 0 0 
Ynys Feurig, Cemlyn Bay & Skerries 2011 0 0 0 1 0.6 0 0 0 
UK western non-SPA colonies 2010 0 0 0 1 0.6 0 0 0 
          
Total overseas       1,425 675 2,100 
Total UK       0 0 0 
Total       1,425 675 2,100 
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Table 56. BDMPS for common tern in migration seasons (late July-early September and April-May) in ‘UK North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea & 
Channel 
waters on 
migration 


Proportion of 
immatures in 
UK North Sea 
& Channel 
waters on 
migration 


UK N Sea 
& 
Channel 
Number 
adults 


UK N Sea & 
Channel 
Number 
immatures 


UK N Sea 
& 
Channel 
Total 
birds 


Norway 1990s 15000 30000 20100 0.3 0.3 9000 6030 15030 
Finland 1990s 50000 100000 67000 0.3 0.3 30000 20100 50100 
Sweden 1990s 22000 44000 29480 0.3 0.3 13200 8844 22044 
Baltic States 1990s 12750 25500 17085 0.3 0.3 7650 5126 12776 
Germany & Denmark 1990s 10000 20000 13400 0.25 0.25 5000 3350 8350 
Netherlands 1990s 19000 38000 25460 0.25 0.25 9500 6365 15865 
Ireland 2000 2700 5400 3618 0.2 0.2 1080 724 1804 
Cromarty Firth 2010 68 136 91 0.7 0.5 95 46 141 
Inner Moray Firth 2013 0 0 0 0.7 0.5 0 0 0 
Ythan Estuary, Sands of Forvie 2010 4 8 5 0.7 0.5 6 3 8 
Forth Islands 2011 26 52 35 0.7 0.5 36 17 54 
Imperial Dock Lock 2010 818 1636 1096 0.7 0.5 1145 548 1693 
Farne Islands 2013 94 188 126 0.7 0.5 132 63 195 
Coquet Island 2013 1041 2082 1395 0.7 0.5 1457 697 2155 
The Wash 2013 221 442 296 0.7 0.5 309 148 457 
North Norfolk Coast 2012 198 396 265 0.7 0.5 277 133 410 
Breydon Water 2013 92 184 123 0.7 0.5 129 62 190 
Foulness 2008 25 50 34 0.7 0.5 35 17 52 
Dungeness to Pett Level 2013 79 158 106 0.7 0.5 111 53 164 
Poole Harbour 2013 163 326 218 0.7 0.5 228 109 337 
Solent & Southampton Water 2007 280 560 375 0.7 0.5 392 188 580 
UK North Sea non-SPA colonies 2000 5500 11000 7370 0.7 0.5 7700 3685 11385 
Glas Eileanan 2012 22 44 29 0.1 0.1 4 3 7 
Carlingford Lough 2013 119 238 159 0.1 0.1 24 16 30 
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Larne Lough 2013 231 462 310 0.1 0.1 46 31 77 
Lough Neagh & Lough Beg 2013 78 156 105 0.1 0.1 16 10 26 
Strangford Lough 2013 352 704 472 0.1 0.1 70 47 118 
The Dee Estuary 2013 165 330 221 0.1 0.1 33 22 55 
Ribble & Alt Estuaries 2008 111 222 149 0.1 0.1 22 15 37 
Ynys Feurig, Cemlyn Bay & Skerries 2011 178 356 239 0.1 0.1 36 24 59 
UK western non-SPA colonies 2000 2100 4200 2814 0.1 0.1 420 281 701 
          
Total overseas       75,430 50,539 125,969 
Total UK       12,724 6,218 18,942 
Total       88,154 56,757 144,911 
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Table 57. BDMPS for common tern in migration seasons (late July-early September and April-May) in ‘UK western waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western 
waters on 
migration 


Proportion of 
immatures in 
UK western 
waters on 
migration 


UK 
western 
waters 
Number 
adults 


UK western 
waters 
Number 
immatures 


UK 
western 
waters 
Total 
birds 


Norway 1990s 15000 30000 20100 0.2 0.2 6000 4020 10020 
Finland 1990s 50000 100000 67000 0.1 0.1 10000 6700 16700 
Sweden 1990s 22000 44000 29480 0.1 0.1 4400 2948 7348 
Baltic States 1990s 12750 25500 17085 0.1 0.1 2550 1708 4258 
Germany & Denmark 1990s 10000 20000 13400 0.1 0.1 2000 1340 3340 
Netherlands 1990s 19000 38000 25460 0.05 0.05 1900 1273 3173 
Ireland 2000 2700 5400 3618 0.4 0.4 2160 1447 3607 
Cromarty Firth 2010 68 136 91 0.3 0.2 41 18 59 
Inner Moray Firth 2013 0 0 0 0.3 0.2 0 0 0 
Ythan Estuary, Sands of Forvie 2010 4 8 5 0.3 0.2 2 1 3 
Forth Islands 2011 26 52 35 0.3 0.2 16 7 23 
Imperial Dock Lock 2010 818 1636 1096 0.3 0.2 491 219 710 
Farne Islands 2013 94 188 126 0.3 0.2 56 25 82 
Coquet Island 2013 1041 2082 1395 0.3 0.2 625 279 904 
The Wash 2013 221 442 296 0.3 0.2 133 59 192 
North Norfolk Coast 2012 198 396 265 0.3 0.2 119 53 172 
Breydon Water 2013 92 184 123 0.3 0.2 55 25 80 
Foulness 2008 25 50 34 0.3 0.2 15 7 22 
Dungeness to Pett Level 2013 79 158 106 0.3 0.2 47 21 69 
Poole Harbour 2013 163 326 218 0.3 0.2 98 44 141 
Solent & Southampton Water 2007 280 560 375 0.3 0.2 168 75 243 
UK North Sea non-SPA colonies 2000 5500 11000 7370 0.3 0.2 3300 1474 4774 
Glas Eileanan 2012 22 44 29 0.9 0.6 40 18 57 
Carlingford Lough 2013 119 238 159 0.9 0.6 214 96 310 
Larne Lough 2013 231 462 310 0.9 0.6 416 186 602 
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Lough Neagh & Lough Beg 2013 78 156 105 0.9 0.6 140 63 203 
Strangford Lough 2013 352 704 472 0.9 0.6 634 283 917 
The Dee Estuary 2013 165 330 221 0.9 0.6 297 133 430 
Ribble & Alt Estuaries 2008 111 222 149 0.9 0.6 200 89 289 
Ynys Feurig, Cemlyn Bay & Skerries 2011 178 356 239 0.9 0.6 320 143 464 
UK western non-SPA colonies 2000 2100 4200 2814 0.9 0.6 3780 1688 5468 
          
Total overseas       29,010 19,437 48,447 
Total UK       11,206 5,005 16,212 
Total       40,216 24,442 64,659 
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Table 58. BDMPS for Arctic tern in migration seasons (July-early September and late April-May) in ‘UK North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea & 
Channel 
waters on 
migration 


Proportion of 
immatures in 
UK North Sea 
& Channel 
waters on 
migration 


UK N Sea 
& 
Channel 
Number 
adults 


UK N Sea & 
Channel 
Number 
immatures 


UK N Sea 
& 
Channel 
Total 
birds 


Fennoscandia 1990s 131000 262000 151960 0.2 0.15 52400 22794 75194 
Faroe 2012 7600 15200 8816 0.2 0.15 3040 1322 4362 
Baltic States 1990s 8000 16000 9280 0.1 0.1 1600 928 2528 
Ireland 2000 2500 5000 2900 0 0 0 0 0 
Fetlar 2012 21 42 24 0.9 0.6 38 15 52 
Foula 2013 20 40 23 0.9 0.6 36 14 50 
Papa Stour 2000 1172 2344 1360 0.9 0.6 2110 816 2925 
Mousa 2013 18 36 21 0.9 0.6 32 13 45 
Sumburgh Head 2000 203 406 235 0.9 0.6 365 141 507 
Fair Isle 2013 29 58 34 0.9 0.6 52 20 72 
West Westray 2009 500 1000 580 0.9 0.6 900 348 1248 
Papa Westray 2011 176 352 204 0.9 0.6 317 122 439 
Rousay 2006 60 120 70 0.9 0.6 108 42 150 
Auskerry 2013 750 1500 870 0.9 0.6 1350 522 1872 
Pentland Firth Islands 2007 0 0 0 0.9 0.6 0 0 0 
Forth Islands 2012 265 530 307 1 0.7 530 215 745 
Farne Islands 2013 1921 3842 2228 1 0.7 3842 1560 5402 
Coquet Island 2013 1224 2448 1420 1 0.7 2448 994 3442 
UK North Sea non-SPA colonies 2000 26000 52000 30160 0.9 0.6 46800 18096 64896 
Outer Ards 2013 60 120 70 0 0 0 0 0 
Strangford Lough 2013 164 328 190 0 0 0 0 0 
Ynys Feurig, Cemlyn Bay, Skerries 2011 550 1100 638 0 0 0 0 0 
UK western non-SPA colonies 2000 15000 30000 17400 0 0 0 0 0 
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Total overseas       57,040 25,044 82,084 
Total UK       58,928 22,917 81,846 
Total       115,968 47,961 163,930 
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Table 59. BDMPS for Arctic tern in migration seasons (July-early September and late April-May) in ‘UK western waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western 
waters on 
migration 


Proportion of 
immatures in 
UK western 
waters on 
migration 


UK 
western 
waters 
Number 
adults 


UK western 
waters 
Number 
immatures 


UK 
western 
waters 
Total 
birds 


Fennoscandia 1990s 131000 262000 151960 0.03 0.03 7860 4559 12419 
Faroe 2012 7600 15200 8816 0.1 0.1 1520 882 2402 
Baltic States 1990s 8000 16000 9280 0.02 0.02 320 186 506 
Ireland 2000 2500 5000 2900 0.3 0.3 1500 870 2370 
Fetlar 2012 21 42 24 0.1 0.1 4 2 7 
Foula 2013 20 40 23 0.1 0.1 4 2 6 
Papa Stour 2000 1172 2344 1360 0.1 0.1 234 136 370 
Mousa 2013 18 36 21 0.1 0.1 4 2 6 
Sumburgh Head 2000 203 406 235 0.1 0.1 41 24 64 
Fair Isle 2013 29 58 34 0.1 0.1 6 3 9 
West Westray 2009 500 1000 580 0.1 0.1 100 58 158 
Papa Westray 2011 176 352 204 0.1 0.1 35 20 56 
Rousay 2006 60 120 70 0.1 0.1 12 7 19 
Auskerry 2013 750 1500 870 0.1 0.1 150 87 237 
Pentland Firth Islands 2007 0 0 0 0.1 0.1 0 0 0 
Forth Islands 2012 265 530 307 0 0.05 0 15 15 
Farne Islands 2013 1921 3842 2228 0 0.05 0 111 111 
Coquet Island 2013 1224 2448 1420 0 0.05 0 71 71 
UK North Sea non-SPA colonies 2000 26000 52000 30160 0.1 0.1 5200 3016 8216 
Outer Ards 2013 60 120 70 1 0.7 120 49 169 
Strangford Lough 2013 164 328 190 1 0.7 328 133 461 
Ynys Feurig, Cemlyn Bay, Skerries 2011 550 1100 638 1 0.7 1100 447 1547 
UK western non-SPA colonies 2000 15000 30000 17400 1 0.7 30000 12180 42180 
          
Total overseas       11,200 6,496 17,696 
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Total UK       37,338 16,364 53,702 
Total       48,538 22,860 71,398 
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Table 60. BDMPS for little tern in migration seasons (late July to early September, and mid-April to May) in ‘UK North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea & 
Channel 
waters on 
migration 


Proportion of 
immatures in 
UK North Sea & 
Channel waters 
on migration 


UK N Sea 
& 
Channel 
Number 
adults 


UK N Sea & 
Channel 
Number 
immatures 


UK N Sea 
& 
Channel 
Total 
birds 


Ireland 2000 200 400 224 0 0 0 0 0 
Ythan Estuary, Sands of Forvie 2013 40 80 45 1 0.6 80 27 107 
Firth of Tay & Eden Estuary 2007 1 2 1 1 0.6 2 1 3 
Lindisfarne 2011 8 16 9 1 0.6 16 5 21 
Northumbria Coast 2000 38 76 43 1 0.6 76 26 102 
Teesmouth & Cleveland Est 2011 84 168 94 1 0.6 168 56 224 
Gibraltar point 2011 12 24 13 1 0.6 24 8 32 
Humber Flats, Marshes & Coast 2011 29 58 32 1 0.6 58 19 77 
The Wash 2009 0 0 0 1 0.6 0 0 0 
North Norfolk Coast 2011 409 818 458 1 0.6 818 275 1093 
Alde-Ore Estuary 2009 0 0 0 1 0.6 0 0 0 
Minsmere-Walberswick 2010 30 60 34 1 0.6 60 20 80 
Great Yarmouth North Denes 2011 5 10 6 1 0.6 10 3 13 
Foulness 2005 0 0 0 1 0.6 0 0 0 
Dungeness to Pett Level 2013 11 22 12 1 0.6 22 7 29 
Medway Estuary & Marshes 2009 18 36 20 1 0.6 36 12 48 
Benacre to Easton Bavents 2011 45 90 50 1 0.6 90 30 120 
Blackwater Estuary 2000 99 198 111 1 0.6 198 67 265 
Colne Estuary 2011 0 0 0 1 0.6 0 0 0 
Hamford Water 2011 45 90 50 1 0.6 90 30 120 
Chesil Beach 2011 19 38 21 1 0.6 38 13 51 
Chichester Harbour 2011 60 120 67 1 0.6 120 40 160 
Pagham Harbour 2011 6 12 7 1 0.6 12 4 16 
Solent & Southampton Water 2007 0 0 0 1 0.6 0 0 0 
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UK N Sea & Channel non-SPA 
colonies 


2000 360 720 403 1 0.6 720 242 962 


Monach Isles 2001 2 4 2 0 0 0 0 0 
South Uist Machair & Lochs 2002 17 34 19 0 0 0 0 0 
The Dee Estuary 2011 126 252 141 0 0 0 0 0 
Morecambe Bay 2011 62 124 69 0 0 0 0 0 
UK western non-SPA colonies 2000 200 400 224 0 0 0 0 0 
          
Total overseas       0 0 0 
Total UK       2,638 886 3,524 
Total       2,638 886 3,524 
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Table 61. BDMPS for little tern in migration seasons (late July to early September, and mid-April to May) in ‘UK western waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western 
waters on 
migration 


Proportion of 
immatures in 
UK western 
waters on 
migration 


UK 
western 
waters 
Number 
adults 


UK western 
waters 
Number 
immatures 


UK 
western 
waters 
Total 
birds 


Ireland 2000 200 400 224 0.95 0.6 380 134 514 
Ythan Estuary, Sands of Forvie 2013 40 80 45 0 0 0 0 0 
Firth of Tay & Eden Estuary 2007 1 2 1 0 0 0 0 0 
Lindisfarne 2011 8 16 9 0 0 0 0 0 
Northumbria Coast 2000 38 76 43 0 0 0 0 0 
Teesmouth & Cleveland Est 2011 84 168 94 0 0 0 0 0 
Gibraltar point 2011 12 24 13 0 0 0 0 0 
Humber Flats, Marshes & Coast 2011 29 58 32 0 0 0 0 0 
The Wash 2009 0 0 0 0 0 0 0 0 
North Norfolk Coast 2011 409 818 458 0 0 0 0 0 
Alde-Ore Estuary 2009 0 0 0 0 0 0 0 0 
Minsmere-Walberswick 2010 30 60 34 0 0 0 0 0 
Great Yarmouth North Denes 2011 5 10 6 0 0 0 0 0 
Foulness 2005 0 0 0 0 0 0 0 0 
Dungeness to Pett Level 2013 11 22 12 0 0 0 0 0 
Medway Estuary & Marshes 2009 18 36 20 0 0 0 0 0 
Benacre to Easton Bavents 2011 45 90 50 0 0 0 0 0 
Blackwater Estuary 2000 99 198 111 0 0 0 0 0 
Colne Estuary 2011 0 0 0 0 0 0 0 0 
Hamford Water 2011 45 90 50 0 0 0 0 0 
Chesil Beach 2011 19 38 21 0 0 0 0 0 
Chichester Harbour 2011 60 120 67 0 0 0 0 0 
Pagham Harbour 2011 6 12 7 0 0 0 0 0 
Solent & Southampton Water 2007 0 0 0 0 0 0 0 0 
UK N Sea & Channel non-SPA 
colonies 


2000 360 720 403 0 0 0 0 0 
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Monach Isles 2001 2 4 2 1 0.6 4 1 5 
South Uist Machair & Lochs 2002 17 34 19 1 0.6 34 11 45 
The Dee Estuary 2011 126 252 141 1 0.6 252 85 337 
Morecambe Bay 2011 62 124 69 1 0.6 124 42 166 
UK western non-SPA colonies 2000 200 400 224 1 0.6 400 134 534 
          
Total overseas       380 134 514 
Total UK       814 274 1,088 
Total       1,194 408 1,602 
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Table 62. BDMPS for common guillemot in non-breeding season (August to February) in ‘UK North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion 
of adults in 
UK North 
Sea & 
Channel 
waters in 
non-
breeding 
season 


Proportion 
of 
immatures in 
UK North 
Sea & 
Channel 
waters in 
non-
breeding 
season 


UK N 
Sea & 
Channel 
Number 
adults 


UK N Sea & 
Channel 
Number 
immatures 


UK N Sea 
& Channel 
Total 
birds 


Faroe Islands c2000 100,000 200,000 148000 0.1 0.2 20000 29600 49600 
Norway c2000 100,000 200,000 148000 0.05 0.2 10000 29600 39600 
Hermaness, Saxavord & Valla Field SPA 2009 4620 9,240 6838 0.7 0.6 6468 4103 10571 
Foula SPA 2007 16615 33,230 24590 0.7 0.6 23261 14754 38015 
Noss SPA 2009 14783 29,566 21879 0.7 0.6 20696 13127 33824 
Sumburgh SPA 2010 4762 9,524 7048 0.7 0.6 6667 4229 10896 
Fair Isle SPA 2010 13066 26,132 19338 0.7 0.6 18292 11603 29895 
West Westray SPA 2007 33900 67,800 50172 0.7 0.6 47460 30103 77563 
Calf of Eday SPA 2006 6300 12,600 9324 0.7 0.6 8820 5594 14414 
Rousay SPA 2009 6200 12,400 9176 0.7 0.6 8680 5506 14186 
Marwick Head SPA 2012 11097 22,194 16424 0.7 0.6 15536 9854 25390 
Hoy SPA 2007 6300 12,600 9324 0.7 0.6 8820 5594 14414 
Copinsay SPA 2012 5607 11,214 8298 0.7 0.6 7850 4979 12829 
North Caithness Cliffs SPA 2000 47000 94,000 69560 0.7 0.6 65800 41736 107536 
East Caithness Cliffs SPA 1999 106500 213,000 157620 0.7 0.6 149100 94572 243672 
Troup, Pennan & Lion's Heads SPS 2007 10938 21,876 16188 0.7 0.6 15313 9713 25026 
Buchan Ness to Collieston Coast SPA 2007 12928 25,856 19133 0.8 0.7 20685 13393 34078 
Fowlsheugh SPA 2012 30100 60,200 44548 0.8 0.7 48160 31184 79344 
Forth Islands SPA 2011 14674 29,348 21718 0.9 0.8 26413 17374 43787 
St Abb's Head to Fast Castle SPA 2013 22103 44,206 32712 0.9 0.8 39785 26170 65955 
Farne Islands SPA 2013 33532 67,064 49627 0.9 0.8 60358 39702 100059 
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Flamborough and Filey Coast pSPA 2008 39641 79,282 58669 0.9 0.8 71354 46935 118289 
Germany and Denmark 2005 5,000 10,000 7400 0.2 0.4 2000 2960 4960 
UK North Sea non-SPA populations 2000 147000 294,000 217560 0.8 0.6 235200 130536 365736 
Sule Skerry & Sule Stack SPA 1998 7633 15,266 11297 0.05 0.1 763 1130 1893 
North Rona & Sula Sgeir SPA 2012 5000 10,000 7400 0.05 0.1 500 740 1240 
Cape Wrath SPA 2000 27359 54,718 40491 0.05 0.1 2736 4049 6785 
Handa SPA 2011 37993 75,986 56230 0.05 0.1 3799 5623 9422 
Shiant Isles SPA 2008 5148 10,296 7619 0.05 0.1 515 762 1277 
Flannan Isles SPA 1999 9807 19,614 14514 0.05 0.1 981 1451 2432 
St Kilda SPA 1999 15700 31,400 23236 0.05 0.1 1570 2324 3893 
Canna & Sanday SPA 1999 3913 7,826 5791 0.05 0.1 391 579 970 
Rum SPA 2000 1644 3,288 2433 0.05 0.1 164 243 408 
Mingulay & Berneray SPA 2009 13527 27,054 20020 0.05 0.1 1353 2002 3355 
North Colonsay & western cliffs SPA 2000 13500 27,000 20000 0 0.05 0 1000 1000 
Ailsa Craig SPA 2013 5247 10,494 7766 0 0.05 0 388 388 
Rathlin Island SPA 2011 87398 174,796 129349 0 0.05 0 6467 6467 
Skomer & Skokholm SPA 2013 16300 32,600 24124 0.05 0.1 1630 2412 4042 
UK West coast non-SPA populations 2000 79000 158,000 116920 0.03 0.08 4740 9354 14094 
          
Total overseas       32,000 62,160 94,160 
Total UK       923,860 599,286 1,523,146 
Total       955,860 661,446 1,617,306 
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Table 63. BDMPS for common guillemot in non-breeding season (August to February) in ‘UK western waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion 
of adults in 
UK western 
waters in 
non-
breeding 
season 


Proportion of 
immatures in 
UK western 
waters in 
non-
breeding 
season 


UK 
western 
waters 
number 
of adults 


UK western 
waters 
number of 
immatures 


UK 
western 
waters 
Total 
birds 


Faroe Islands c2000 100,000 200,000 148000 0.05 0.1 10000 14800 24800 
Norway c2000 100,000 200,000 148000 0.01 0.05 2000 7400 9400 
Hermaness, Saxavord & Valla Field SPA 2009 4620 9,240 6838 0.02 0.05 185 342 527 
Foula SPA 2007 16615 33,230 24590 0.02 0.05 665 1230 1894 
Noss SPA 2009 14783 29,566 21879 0.02 0.05 591 1094 1685 
Sumburgh SPA 2010 4762 9,524 7048 0.02 0.05 190 352 543 
Fair Isle SPA 2010 13066 26,132 19338 0.02 0.05 523 967 1490 
West Westray SPA 2007 33900 67,800 50172 0.02 0.05 1356 2509 3865 
Calf of Eday SPA 2006 6300 12,600 9324 0.02 0.05 252 466 718 
Rousay SPA 2009 6200 12,400 9176 0.02 0.05 248 459 707 
Marwick Head SPA 2012 11097 22,194 16424 0.02 0.05 444 821 1265 
Hoy SPA 2007 6300 12,600 9324 0.02 0.05 252 466 718 
Copinsay SPA 2012 5607 11,214 8298 0.02 0.05 224 415 639 
North Caithness Cliffs SPA 2000 47000 94,000 69560 0.02 0.05 1880 3478 5358 
East Caithness Cliffs SPA 1999 106500 213,000 157620 0 0 0 0 0 
Troup, Pennan & Lion's Heads SPS 2007 10938 21,876 16188 0 0 0 0 0 
Buchan Ness to Collieston Coast SPA 2007 12928 25,856 19133 0 0 0 0 0 
Fowlsheugh SPA 2012 30100 60,200 44548 0 0 0 0 0 
Forth Islands SPA 2011 14674 29,348 21718 0 0 0 0 0 
St Abb's Head to Fast Castle SPA 2013 22103 44,206 32712 0 0 0 0 0 
Farne Islands SPA 2013 33532 67,064 49627 0 0 0 0 0 
Flamborough and Filey Coast pSPA 2008 39641 79,282 58669 0 0 0 0 0 
Germany and Denmark 2005 5,000 10,000 7400 0 0 0 0 0 
North Sea UK non-SPA populations 2000 147000 294,000 217560 0.01 0.02 2940 4351 7291 
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Sule Skerry & Sule Stack SPA 1998 7633 15,266 11297 0.95 0.9 14503 10167 24670 
North Rona & Sula Sgeir SPA 2012 5000 10,000 7400 0.95 0.9 9500 6660 16160 
Cape Wrath SPA 2000 27359 54,718 40491 0.95 0.9 51982 36442 88424 
Handa SPA 2011 37993 75,986 56230 0.95 0.9 72187 50607 122793 
Shiant Isles SPA 2008 5148 10,296 7619 0.95 0.9 9781 6857 16638 
Flannan Isles SPA 1999 9807 19,614 14514 0.95 0.9 18633 13063 31696 
St Kilda SPA 1999 15700 31,400 23236 0.95 0.9 29830 20912 50742 
Canna & Sanday SPA 1999 3913 7,826 5791 0.95 0.9 7435 5212 12647 
Rum SPA 2000 1644 3,288 2433 0.95 0.9 3124 2190 5313 
Mingulay & Berneray SPA 2009 13527 27,054 20020 0.95 0.9 25701 18018 43719 
North Colonsay and western cliffs SPA 2000 13500 27,000 20000 1 0.95 27000 19000 46000 
Ailsa Craig SPA 2013 5247 10,494 7766 1 0.95 10494 7377 17871 
Rathlin Island SPA 2011 87398 174,796 129349 1 0.95 174796 122882 297678 
Skomer & Skokholm SPA 2013 16300 32,600 24124 0.9 0.8 29340 19299 48639 
West coast UK non-SPA populations 2000 79000 158,000 116920 0.95 0.9 150100 105228 255328 
          
Total overseas       12,000 22,200 34,200 
Total UK         644,156 460,864 1,105,020 
Total       656,156 483,064 1,139,220 
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Table 64. BDMPS for razorbill in migration seasons (August to October, and January to March) in ‘UK North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea & 
Channel 
waters in 
migration 


Proportion of 
immatures in 
UK North Sea 
& Channel 
waters in 
migration 


UK N Sea & 
Channel 
Number 
adults 


UK N Sea & 
Channel 
Number 
immatures 


UK N Sea 
& Channel 
Total 
birds 


Russia 1990s 3500 7000 5250 0.05 0.1 350 525 875 
Iceland 2008 315400 630800 473100 0.3 0.4 189240 189240 378480 
Norway 1990s 30300 60600 45450 0.2 0.5 12120 22725 34845 
Denmark, Finland, Sweden 1990s 16000 32000 24000 0.1 0.3 3200 7200 10400 
Faroe 2012 4500 9000 6750 0.5 0.5 4500 3375 7875 
Foula 2007 375 750 562 0.95 0.9 712 506 1219 
Fair Isle 2010 915 1830 1372 0.95 0.9 1738 1235 2974 
West Westray 2007 550 1100 825 0.95 0.9 1045 742 1788 
North Caithness Cliffs 2000 1700 3400 2550 0.95 0.9 3230 2295 5525 
East Caithness Cliffs 1999 12500 25000 18750 1 0.9 25000 16875 41875 
Troup, Pennan & Lions 2007 1743 3486 2614 1 0.9 3486 2353 5839 
Fowlsheugh 2012 3524 7048 5286 1 0.9 7048 4757 11805 
Forth Islands 2012 2625 5250 3938 1 0.9 5250 3544 8794 
St Abbs to Fast Castle 2013 1219 2438 1828 1 0.9 2438 1646 4084 
Flamborough & Filey 2008 10001 20002 15002 1 0.9 20002 13501 33503 
UK North Sea non-SPA colonies 2000 10000 20000 15000 1 0.9 20000 13500 33500 
North Rona & Sula Sgeir 1998 1089 2178 1634 0.02 0.05 44 82 125 
Cape Wrath 2000 2090 4180 3135 0.02 0.05 84 157 240 
Handa 2010 5165 10330 7748 0.02 0.05 207 387 594 
St Kilda 1999 1700 3400 2550 0.02 0.05 68 128 196 
Shiants 2008 4248 8496 6372 0.02 0.05 170 319 489 
Flannan Islands 1998 1051 2102 1576 0.02 0.05 42 79 121 
Mingulay & Berneray 2009 10111 20222 15166 0.02 0.05 404 758 1163 
Rathlin Island 2011 15393 30786 23090 0.02 0.05 616 1154 1770 
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Skomer & Skokholm 2013 6001 12002 9002 0.02 0.05 240 450 690 
UK Western non-SPA colonies 2000 10000 20000 15000 0.02 0.05 400 750 1150 
Ireland 2000 17000 34000 25500 0.02 0.05 680 1275 1955 
France 2000 25 50 38 0.01 0.02 0 1 1 
          
Total overseas       210,090 224,341 434,431 
Total UK       92,224 65,219 157,443 
Total       302,314 289,560 591,874 
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Table 65. BDMPS for razorbill in migration seasons (August to October, and January to March) in ‘UK western waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western 
waters in 
migration 


Proportion of 
immatures in 
UK western 
waters in 
migration 


UK western 
waters 
number of 
adults 


UK western 
waters 
number of 
immatures 


UK 
western 
waters 
Total 
birds 


Russia 1990s 3500 7000 5250 0.05 0.1 350 525 875 
Iceland 2008 315400 630800 473100 0.3 0.4 189240 189240 378480 
Norway 1990s 30300 60600 45450 0.1 0.3 6060 13635 19695 
Denmark, Finland, Sweden 1990s 16000 32000 24000 0.05 0.1 1600 2400 4000 
Faroe 2012 4500 9000 6750 0.5 0.5 4500 3375 7875 
Foula 2007 375 750 562 0.05 0.05 38 28 66 
Fair Isle 2010 915 1830 1372 0.05 0.05 92 69 160 
West Westray 2007 550 1100 825 0.05 0.05 55 41 96 
North Caithness Cliffs 2000 1700 3400 2550 0.05 0.05 170 128 298 
East Caithness Cliffs 1999 12500 25000 18750 0 0.02 0 375 375 
Troup, Pennan & Lions 2007 1743 3486 2614 0 0.02 0 52 52 
Fowlsheugh 2012 3524 7048 5286 0 0.02 0 106 106 
Forth Islands 2012 2625 5250 3938 0 0.02 0 79 79 
St Abbs to Fast Castle 2013 1219 2438 1828 0 0.02 0 37 37 
Flamborough & Filey 2008 10001 20002 15002 0 0.02 0 300 300 
UK North Sea non-SPA colonies 2000 10000 20000 15000 0 0.02 0 300 300 
North Rona & Sula Sgeir 1998 1089 2178 1634 0.98 0.9 2134 1470 3605 
Cape Wrath 2000 2090 4180 3135 0.98 0.9 4096 2822 6918 
Handa 2010 5165 10330 7748 0.98 0.9 10123 6973 17096 
St Kilda 1999 1700 3400 2550 0.98 0.9 3332 2295 5627 
Shiants 2008 4248 8496 6372 0.98 0.9 8326 5735 14061 
Flannan Islands 1998 1051 2102 1576 0.98 0.9 2060 1419 3479 
Mingulay & Berneray 2009 10111 20222 15166 0.98 0.9 19818 13650 33467 
Rathlin Island 2011 15393 30786 23090 0.98 0.9 30170 20781 50951 
Skomer & Skokholm 2013 6001 12002 9002 0.98 0.9 11762 8101 19863 
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UK Western non-SPA colonies 2000 10000 20000 15000 0.98 0.9 19600 13500 33100 
Ireland 2000 17000 34000 25500 0.1 0.1 3400 2550 5950 
France 2000 25 50 38 0.05 0.05 2 2 4 
          
Total overseas       205,152 211,727 416,879 
Total UK       111,776 78,259 190,035 
Total       316,928 289,986 606,914 
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Table 66. BDMPS for razorbill in winter (November and December) in ‘UK North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea & 
Channel 
waters in 
winter 


Proportion of 
immatures in 
UK North Sea 
& Channel 
waters in 
winter 


UK N Sea & 
Channel 
Number 
adults 


UK N Sea & 
Channel 
Number 
immatures 


UK N Sea 
& Channel 
Total 
birds 


Russia 1990s 3500 7000 5250 0.01 0.02 70 105 175 
Iceland 2008 315400 630800 473100 0.1 0.2 63080 94620 157700 
Norway 1990s 30300 60600 45450 0.05 0.1 3030 4545 7575 
Denmark, Finland, Sweden 1990s 16000 32000 24000 0.02 0.05 640 1200 1840 
Faroe 2012 4500 9000 6750 0.3 0.3 2700 2025 4725 
Foula 2007 375 750 562 0.3 0.1 225 56 281 
Fair Isle 2010 915 1830 1372 0.3 0.1 549 137 686 
West Westray 2007 550 1100 825 0.3 0.1 330 82 412 
North Caithness Cliffs 2000 1700 3400 2550 0.3 0.1 1020 255 1275 
East Caithness Cliffs 1999 12500 25000 18750 0.3 0.1 7500 1875 9375 
Troup, Pennan & Lions 2007 1743 3486 2614 0.3 0.1 1046 261 1307 
Fowlsheugh 2012 3524 7048 5286 0.3 0.1 2114 529 2643 
Forth Islands 2012 2625 5250 3938 0.3 0.1 1575 394 1969 
St Abbs to Fast Castle 2013 1219 2438 1828 0.3 0.1 731 183 914 
Flamborough & Filey 2008 10001 20002 15002 0.3 0.1 6001 1500 7501 
UK North Sea non-SPA colonies 2000 10000 20000 15000 0.3 0.1 6000 1500 7500 
North Rona & Sula Sgeir 1998 1089 2178 1634 0.1 0.05 218 82 299 
Cape Wrath 2000 2090 4180 3135 0.1 0.05 418 157 575 
Handa 2010 5165 10330 7748 0.1 0.05 1033 387 1420 
St Kilda 1999 1700 3400 2550 0.1 0.05 340 128 468 
Shiants 2008 4248 8496 6372 0.1 0.05 850 319 1168 
Flannan Islands 1998 1051 2102 1576 0.1 0.05 210 79 289 
Mingulay & Berneray 2009 10111 20222 15166 0.1 0.05 2022 758 2781 
Rathlin Island 2011 15393 30786 23090 0.05 0 1539 0 1539 
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Skomer & Skokholm 2013 6001 12002 9002 0.05 0 600 0 600 
UK Western non-SPA colonies 2000 10000 20000 15000 0.1 0.05 2000 750 2750 
Ireland 2000 17000 34000 25500 0.01 0.02 340 510 850 
France 2000 25 50 38 0.05 0.05 2 2 4 
          
Total overseas       69,862 103,007 172,869 
Total UK       36,321 9,432 45,753 
Total       106,183 112,439 218,622 
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Table 67. BDMPS for razorbill in winter (November and December) in ‘UK western waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western 
waters in 
winter 


Proportion of 
immatures in 
UK western 
waters in 
winter 


UK western 
waters 
number of 
adults 


UK western 
waters 
number of 
immatures 


UK 
western 
waters 
Total 
birds 


Russia 1990s 3500 7000 5250 0.01 0.02 70 105 175 
Iceland 2008 315400 630800 473100 0.2 0.3 126160 141930 268090 
Norway 1990s 30300 60600 45450 0.05 0.1 3030 4545 7575 
Denmark, Finland, Sweden 1990s 16000 32000 24000 0.02 0.05 640 1200 1840 
Faroe 2012 4500 9000 6750 0.3 0.3 2700 2025 4725 
Foula 2007 375 750 562 0.01 0.02 8 11 19 
Fair Isle 2010 915 1830 1372 0.01 0.02 18 27 46 
West Westray 2007 550 1100 825 0.01 0.02 11 16 28 
North Caithness Cliffs 2000 1700 3400 2550 0.01 0.02 34 51 85 
East Caithness Cliffs 1999 12500 25000 18750 0.01 0.02 250 375 625 
Troup, Pennan & Lions 2007 1743 3486 2614 0.01 0.02 35 52 87 
Fowlsheugh 2012 3524 7048 5286 0.01 0.02 70 106 176 
Forth Islands 2012 2625 5250 3938 0.01 0.02 52 79 131 
St Abbs to Fast Castle 2013 1219 2438 1828 0.01 0.02 24 37 61 
Flamborough & Filey 2008 10001 20002 15002 0.01 0.02 200 300 500 
UK North Sea non-SPA colonies 2000 10000 20000 15000 0.01 0.02 200 300 500 
North Rona & Sula Sgeir 1998 1089 2178 1634 0.4 0.1 871 163 1035 
Cape Wrath 2000 2090 4180 3135 0.4 0.1 1672 314 1986 
Handa 2010 5165 10330 7748 0.4 0.1 4132 775 4907 
St Kilda 1999 1700 3400 2550 0.4 0.1 1360 255 1615 
Shiants 2008 4248 8496 6372 0.4 0.1 3398 637 4036 
Flannan Islands 1998 1051 2102 1576 0.4 0.1 841 158 998 
Mingulay & Berneray 2009 10111 20222 15166 0.4 0.1 8089 1517 9605 
Rathlin Island 2011 15393 30786 23090 0.4 0.1 12314 2309 14623 
Skomer & Skokholm 2013 6001 12002 9002 0.3 0.1 3601 900 4501 
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UK Western non-SPA colonies 2000 10000 20000 15000 0.3 0.1 6000 1500 7500 
Ireland 2000 17000 34000 25500 0.1 0.1 3400 2550 5950 
France 2000 25 50 38 0.05 0.05 2 2 4 
          
Total overseas       136,002 152,357 288,359 
Total UK       43,181 9,882 53,063 
Total       179,183 162,239 341,422 
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Table 68. BDMPS for Atlantic puffin in non-breeding season (mid-August to March) in ‘UK North Sea & Channel waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
North Sea & 
Channel 
waters in non-
breeding 
season 


Proportion of 
immatures in 
UK North Sea 
& Channel 
waters in non-
breeding 
season 


UK N Sea & 
Channel 
Number 
adults 


UK N Sea & 
Channel 
Number 
immatures 


UK N Sea & 
Channel 
Total birds 


Norway 2000 1750000 3500000 3640000 0.001 0.003 3500 10920 14420 
Faroe 2012 550000 1100000 1144000 0.04 0.01 44000 11440 55440 
Ireland 2000 20000 40000 41600 0 0 0 0 0 
France 2000 257 514 535 0.05 0.02 26 11 36 
Hermaness, Saxavord 2002 23661 47322 49215 0.15 0.02 7098 984 8083 
Foula 2000 22500 45000 46800 0.15 0.02 6750 936 7686 
Noss 2007 802 1604 1668 0.15 0.02 241 33 274 
Fair Isle 2012 10706 21412 22268 0.15 0.02 3212 445 3657 
Hoy 2000 3500 7000 7280 0.15 0.02 1050 146 1196 
North Caithness Cliffs 2000 976 1952 2030 0.15 0.02 293 41 333 
East Caithness Cliffs 1999 274 548 570 0.15 0.02 82 11 94 
Forth Islands 2008-10 62231 124462 129440 0.5 0.02 62231 2589 64820 
Farne Islands 2013 39962 79924 83121 0.5 0.02 39962 1662 41624 
Coquet Island 2013 12344 24688 25676 0.5 0.02 12344 514 12858 
Flamborough & Filey 2008 958 1916 1993 0.5 0.02 958 40 998 
UK N Sea non-SPA colonies 2000 35000 70000 72800 0.25 0.02 17500 1456 18956 
Cape Wrath 2000 1602 3204 3332 0.001 0.001 3 3 7 
North Rona & Sula Sgeir 2001 5442 10884 11319 0.001 0.001 11 11 22 
Sule Skerry & Sule Stack 1998 59471 118942 123700 0.001 0.001 119 124 243 
St Kilda 2000 142264 284528 295909 0.001 0.001 285 296 580 
Shiant Isles 2000 65170 130340 135554 0.001 0.001 130 136 266 
Flannan Isles 2001 15600 31200 32448 0.001 0.001 31 32 63 
Canna & Sanday 1999 945 1890 1966 0.001 0.001 2 2 4 
Mingulay & Berneray 2009 3126 6252 6502 0.001 0.001 6 7 13 
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Rathlin Island 2011 695 1390 1446 0.001 0.001 1 1 3 
Skomer &Skokholm 2013 24114 48228 50157 0.001 0.001 48 50 98 
UK western non-SPA 
colonies 


2000 45000 90000 93600 0.001 0.001 90 94 184 


          
Overseas total       47,526 22,371 69,896 
UK total       152,448 9,613 162,061 
Total       199,974 31,984 231,957 
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Table 69. BDMPS for Atlantic puffin in non-breeding season (mid-August to March) in ‘UK western waters’. 
Population Most 


recent 
count 


Pairs Breeding 
adults 


Immatures Proportion of 
adults in UK 
western 
waters in non-
breeding 
season 


Proportion of 
immatures in 
UK western 
waters in non-
breeding 
season 


UK western 
waters 
Number 
adults 


UK western 
waters 
Number 
immatures 


UK western 
waters Total 
birds 


Norway 2000 1750000 3500000 3640000 0.002 0.001 7000 3640 10640 
Faroe 2012 550000 1100000 1144000 0.07 0.02 77000 22880 99880 
Ireland 2000 20000 40000 41600 0.1 0.1 4000 4160 8160 
France 2000 257 514 535 0.01 0.01 5 5 10 
Hermaness, Saxavord 2002 23661 47322 49215 0.08 0.02 3786 984 4770 
Foula 2000 22500 45000 46800 0.08 0.02 3600 936 4536 
Noss 2007 802 1604 1668 0.08 0.02 128 33 162 
Fair Isle 2012 10706 21412 22268 0.08 0.02 1713 445 2158 
Hoy 2000 3500 7000 7280 0.08 0.02 560 146 706 
North Caithness Cliffs 2000 976 1952 2030 0.08 0.02 156 41 197 
East Caithness Cliffs 1999 274 548 570 0.08 0.02 44 11 55 
Forth Islands 2008-10 62231 124462 129440 0.07 0.02 8712 2589 11301 
Farne Islands 2013 39962 79924 83121 0.07 0.02 5595 1662 7257 
Coquet Island 2013 12344 24688 25676 0.07 0.02 1728 514 2242 
Flamborough & Filey 2008 958 1916 1993 0.07 0.02 134 40 174 
UK N Sea non-SPA colonies 2000 35000 70000 72800 0.07 0.02 4900 1456 6356 
Cape Wrath 2000 1602 3204 3332 0.18 0.02 577 67 643 
North Rona & Sula Sgeir 2001 5442 10884 11319 0.18 0.02 1959 226 2186 
Sule Skerry & Sule Stack 1998 59471 118942 123700 0.18 0.02 21410 2474 23884 
St Kilda 2000 142264 284528 295909 0.18 0.02 51215 5918 57133 
Shiant Isles 2000 65170 130340 135554 0.18 0.02 23461 2711 26172 
Flannan Isles 2001 15600 31200 32448 0.18 0.02 5616 649 6265 
Canna & Sanday 1999 945 1890 1966 0.18 0.02 340 39 380 
Mingulay & Berneray 2009 3126 6252 6502 0.18 0.02 1125 130 1255 
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Rathlin Island 2011 695 1390 1446 0.18 0.02 250 29 279 
Skomer &Skokholm 2013 24114 48228 50157 0.18 0.02 8681 1003 9684 
UK western non-SPA 
colonies 


2000 45000 90000 93600 0.18 0.02 16200 1872 18072 


          
Overseas total       88,005 30,685 118,690 
UK total       161,891 23,976 185,867 
Total       249,896 54,661 304,557 
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EXECUTIVE SUMMARY 


 


1. The selection of appropriate avoidance rates for use in collision risk models at offshore 
windfarms is often a key part of the Environmental Impact Assessment process. Ideally, 
these avoidance rates should reflect the behavioural responses of birds to turbines. 
However, they are often used as a ‘fudge-factor’ to incorporate aspects of model error. The 
situation is further complicated by a lack of data for marine birds and offshore windfarms. As 
a consequence, present guidance is based on values that have been derived for terrestrial 
species at onshore windfarms. This study reviewed data that have been collected from 
offshore windfarms and consider how they can be used to derive appropriate avoidance 
rates for use in the offshore environment. Aims of the study were five-fold: 
 


• To produce definitions for the types and scales of avoidance; 
• To review current use of avoidance rates; 
• To review and critique existing avoidance behaviour studies and any derived rates; 
• To provide summary avoidance rates and a total avoidance rate for each priority 


species/species group based on the evidence available at present; 
• To undertake an assessment of the sensitivity of the conclusions reached to inputs 


and conditions under which they were collected. 
 


The study focussed on five priority species – northern gannet, black-legged kittiwake, lesser 
black-backed gull, herring gull and great black-backed gull – whose behaviour and 
distribution make them particularly prone to collision with offshore turbines.  


 
 Definitions (section 3) 


 
2. A key hurdle to defining appropriate avoidance rates for use in the offshore environment 


has been a lack of clear, agreed definitions of avoidance behaviour. Therefore, the first step 
of this review was to define the different scales at which avoidance behaviour may occur. 
Three categories of behaviour were initially defined – macro-, meso- and micro. Micro-
avoidance refers to ‘last-second action taken to avoid collision, which is considered to occur 
within 10 m of the turbine rotor blades. Meso-responses reflect all responses to individual 
turbines occurring between the base of each turbine and the windfarm perimeter (defined 
as 500 m from the base of the outermost turbines). Macro-responses reflect all behavioural 
responses to the presence of the windfarm that occur at distances greater than 500 m from 
the base of the outermost turbines.  Avoidance rates are typically derived by comparing 
observed collision rates to the number of collisions that would be expected in the absence of 
avoidance behaviour, considering all bird movements within the perimeter of the windfarm. 
Consequently, calculations do not usually consider whether any avoidance action takes place 
at the meso- or micro-scale. It was thus also necessary to consider a fourth category, within-
windfarm avoidance, which combines micro-avoidance and meso-responses.  


 
Current use of avoidance rates (section 4) 


 
3.  The avoidance rates used collision risk models have shown substantial variation over time. 


Initially, very high values, often based on incorrect interpretations of data, were used. Since 
the earliest environmental impact assessments, there has been a broad tendency to follow 
standard guidance with avoidance rates of 0.95 and more, recently, 0.98 used. However, in 
light of recent evidence from both on- and offshore windfarms these values are coming 
under increasing scrutiny from developers and their consultants.  
 







 


BTO Research Report No. 656 


September 2014 16 


 


Macro-responses (section 5.1) 


 
4. As with micro-avoidance and meso-responses, the evidence for macro-responses to the 


presence of a windfarm was typically inconsistent for gulls. Studies designed to look at 
potential displacement effects reported both evidence for attraction and for displacement 
and others no significant response at the limited number of sites which were available for 
consideration. Thus, for gulls, the balance of evidence suggests a macro-response of 0 (i.e. 
no attraction to or avoidance of the windfarm). However, the response of northern gannet 
to the presence of windfarms appeared to be more consistent, with strong avoidance 
evident at several sites, although again it was not always clear whether the macro-response 
was a result of barrier effects or displacement. Based on the evidence currently available, it 
is suggested that a macro-response rate of 0.64 is a suitable precautionary value for 
northern gannet.  


 
Micro-avoidance (section 5.2) and meso-responses (section 5.3) 


 


5. Data for micro-avoidance and meso-responses were extremely limited. No clear and 
consistent patterns were evident for any of our five priority species. For this reason, it was 
not possible to derive micro-avoidance or meso-response rates for these species.  


 
Within-windfarm avoidance (section 5.4) 


 
6.  A total of 20 sites were identified as having sufficient data to derive within-windfarm 


avoidance rates by comparing observed collision rates to those expected in the absence of 
avoidance behaviour. Of these, nine were considered to have data of sufficient quality to 
estimate robust within-windfarm avoidance rates to be calculated using the Band (2012) 
collision risk model. Within-windfarm avoidance rates were derived for use with both the 
basic Band model Options 1 and 2), that assumes that birds are distributed evenly within the 
rotor-swept area of a turbine, and with the extended Band Model (option 3) that uses a 
continuous flight height distribution to estimate collision risk at different points within the 
turbines rotor-swept area. Based on these data within-windfarm avoidance rates of 0.9959 
(± 0.0006 SD) and 0.9908 (± 0.0012 SD) were derived for herring gull for use with the basic 
Band model and extended Band model respectively. Similarly, within-windfarm avoidance 
rates of 0.9956 (± 0.0004 SD) and 0.9898 (± 0.0009 SD) were derived for large gulls for use 
with the basic Band model and extended Band model respectively, and rates of 0.9921 (± 
0.0015 SD) and 0.9027 (± 0.0068 SD) derived for small gulls also for use with the basic Band 
model and extended Band model respectively. Within-windfarm avoidance rates of 0.9893 
(± 0.0007 SD) for the basic Band model and 0.9672 (± 0.0040 SD) for the extended Band 
model were derived for all gulls. Insufficient data were available to calculate a within-
windfarm avoidance rate for northern gannet. (Note, where we report the standard 
deviation around the derived within windfarm avoidance rates, this relates variability 
between sites and not to uncertainty in the model input parameters. Estimating the 
contribution of the model input parameters to the uncertainty associated with the derived 
avoidance rates requires a more detailed understanding of the real range of values 
associated with each parameter than is available currently.)  


 
Sensitivity of derived within-windfarm avoidance rates (section 6) 


 
7. The sensitivity of within-windfarm avoidance rate values to model input parameters was 


also assessed and it was found that the final derived values were most sensitive to 
assumptions about the proportion of birds at collision risk height. However, it was also 
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found that sensitivity to input parameters declined as the number of flights through a 
windfarm increased.   


 
Recommended total avoidance rates (section 7) 


 
8. Whilst we have estimated within-windfarm avoidance rates to four decimal places, current 


guidance from SNH is that expressing avoidance rates to more than three decimal places is 
unwarranted (SNH 2013). Given the inherent uncertainty in the data we feel that this is a 
sensible approach to apply to total avoidance rates. For this reason, we round within-
windfarm avoidance rates down to three decimal places when deriving recommended total 
avoidance rates.  For gulls the balance of evidence suggests a macro-response of 0 (i.e. no 
consistent attraction to or avoidance of the windfarm). Consequently, the recommended 
total avoidance rates for these species are equal to the within-windfarm avoidance rates. 
Therefore, avoidance rates of 0.995 for herring gull, lesser black-backed gull and great black-
backed gull and 0.992 for black-legged kittiwake are recommended for use with the basic 
Band model. Based on the evidence available, it is suggested that the total avoidance rate 
for northern gannet is unlikely to be lower than that for all gulls. Assuming a macro-
avoidance rate of 0.64, this would reflect a within windfarm avoidance rate of 0.9703. We 
acknowledge that this is precautionary, but in the absence of more species-specific data, we 
feel it is appropriate. Hence, an avoidance rate of 0.989 for northern gannet is 
recommended when using the basic Band model. For the extended Band model, avoidance 
rates of 0.990 for herring gull and 0.989 for lesser black-backed gull and great black-backed 
gull were recommended. Based on the evidence available at present, it was not possible to 
recommend an avoidance rate for use with the extended model for either black-legged 
kittiwake or northern gannet. 


 
Transferability of avoidance rates between models (section 8) 


 
9.  Whilst the basic and extended Band models are the most widely used collision risk models at 


present, there are a number of alternatives. Based on our assessment of the alternative 
models which we were able to obtain descriptions of, the definitions and values we present 
in this report are likely to be broadly applicable to other models.  
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RECOMMENDATIONS AND LIMITATIONS 


 


Definitions (Section 3) 


 
• Micro avoidance should be defined as ‘last-second’ action taken to avoid collision, occurring 


within 10 m of the rotor blades.  
 


• Meso-response should be defined as all behavioural responses, including attraction, in flight 
deflection and functional habitat loss, to the presence of a turbine occurring more than 10 m 
from the rotor blades and within the perimeter of the windfarm (500 m from the base of the 
outermost turbines). 
 


• Macro-response should be defined as all behavioural responses, including attraction, 
displacement, and barrier effects, to the presence of a windfarm occurring beyond its perimeter 
(> 500 m from the base of the outermost turbines). 
 


• Where an avoidance rate has been derived by comparing observed collisions to those expected 
in the absence of avoidance, this should be referred to as within-windfarm avoidance, it is a 
combination of meso-responses and micro-avoidance. 
 


Recommended avoidance rates 


 


• A macro-avoidance rate of 0.64 is recommended for northern gannet (section 5.4). However, 
no data were available to derive a within-windfarm avoidance rate for this species (section 5.3). 
Based on the evidence available, there is no reason to suppose that the total avoidance rates 
for northern gannet should be less than those for all gulls. A total avoidance rate of 0.989 is 
thus recommended for use with the basic Band (2012) collision risk model. This would reflect a 
within windfarm avoidance rate of 0.970. We acknowledge that this is precautionary, but in the 
absence of more species-specific data, we feel it is appropriate.  It was not possible to 
recommend an avoidance rate for use with the extended Band (2012) collision risk model based 
on the evidence available at present.  


 


• No consistent evidence of macro-avoidance was found for black-legged kittiwake (section 5.4). 
As it was not possible to derive species-specific within-windfarm avoidance rates for black-


legged kittiwake, the within-windfarm rates derived for the small gulls group were considered 
appropriate for use for this species (section 5.3). A total avoidance rate of 0.992 is thus 
recommended for the basic Band model. It was not possible to recommend an avoidance rate 
for use with the extended Band (2012) collision risk model based on the evidence available at 
present.   
 


• No consistent evidence of macro-avoidance was found for lesser black-backed gull (section 
5.4). Whilst it was possible to derive species-specific within-windfarm avoidance rates for lesser 
black-backed gull, these were based on limited data and thus the within-windfarm avoidance 
rates for large gulls were considered more appropriate for use for this species (section 5.3).  A 
total avoidance rate of 0.995 is thus recommended for use with the basic Band model and a 
total avoidance rate of 0.989 for use with the extended Band model (section 7). 
 


• No consistent evidence of macro-avoidance was found for herring gull (section 5.4) and thus 
total avoidance rates reflect species-specific within-windfarm avoidance rates. A species-
specific total avoidance rate of 0.995 is thus recommended for use with the basic Band model 
and a total avoidance rate of 0.990 for use with the extended Band model (section 7).  
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• No consistent evidence of macro-avoidance for great black-backed gull (section 5.4).  As it was 
not possible to derive species-specific within-windfarm avoidance rates for great black-backed 


gull, the within-windfarm rates derived for the large gulls group were considered appropriate 
for use for this species (section 5.3). A total avoidance rate of 0.995 is thus recommended for 
the basic Band model and a total avoidance rate of 0.989 for use with the extended Band 
model (section 7). 
 


• Given the multiple ways in which data can be interpreted, it is vital that future studies in which 
avoidance rates are derived are completely transparent and present their workings as a step-
by-step process. Appendix 7 enables the reader to go back to the original source material and 
fully understand how the values presented in this report have been derived. This also offers an 
indication of the uncertainty present in the derived values.  
 


• Based on the available data, it was not possible to derive species-specific avoidance rates for 
three of the five priority species. Of particular concern is the lack of within-windfarm avoidance 
data for northern gannet given that it is taxonomically distinct from the other four species, all of 
which are gulls. Future projects should focus on collecting data for northern gannet as a 
priority. Given the limitations in the data we identified for macro-responses, especially for gulls, 
there is also a need to collect further data on barrier effects and displacement/attraction rates.  
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1. INTRODUCTION 


 
The Scottish Government has a target for 100% of Scottish demand for electricity to be met from 
renewables by 2020 by creating a portfolio of both onshore and offshore technologies (Marine 
Scotland 2011). However, concern over the environmental impacts of these developments in the UK, 
and in particular the risk of birds colliding with wind turbines, has contributed to the delay and 
cancellation of some projects. In order to quantify the risk of birds colliding with wind turbines, a 
number of collision risk models have been developed (Band 2012, Smales et al. 2013). These include 
an update to the Scottish Natural Heritage (SNH) collision risk model, originally developed for 
onshore windfarms (Band 2000, Band et al. 2007), redeveloped to better reflect data collected in 
relation to impact assessments for offshore windfarms (Band 2012). This work was undertaken as 
part of one of the projects undertaken through the Strategic Ornithological Support Service (SOSS) 
programme, a joint initiative involving industry, statutory nature conservation bodies (SNCBs) and 
the RSPB. These models combine a series of parameters describing the turbine design and operation 
with estimates of a bird’s size and behaviour in order to predict the number of birds that would be 
expected to collide with a turbine over a given time period. Of these parameters, detailed analysis 
has suggested that these models are highly sensitive to variation in the avoidance rate, the 
proportion of birds which take action to avoid colliding with a turbine (Chamberlain et al. 2005, 
2006). Despite this, there has been relatively little empirical evidence put forward to support 
avoidance rates for offshore windfarms, which are likely to vary according to species and weather 
conditions, in particular visibility.  
 
Whilst avoidance rates can be determined from observed mortality rates or actual observations of 
birds’ behaviour, defining robust values for use in collision risk modelling can be extremely 
challenging. However, there are concerns that avoidance rates derived from observed mortality 
rates may act as a ‘fudge-factor’, incorporating observer biases and model error, as opposed to the 
actual behaviour of the birds (May et al. 2010, Douglas et al. 2012). Current guidance from SNH 
(2010) is that, in the absence of species-specific empirical data, a default avoidance rate of 0.98 
should be used for most species in onshore windfarm assessments and this value has been widely 
used in the offshore environment as well. However, in light of recent evidence (e.g. Everaert & 
Stienen 2007, Krijgsveld et al. 2011) the validity of this approach has been questioned and concerns 
have been raised by developers that it will lead to an over-estimate of the likely number of collisions 
(Moray Offshore Renewables Limited 2012, Trinder 2012, Smartwind/Forewind 2013) and, as a 
consequence, potentially contribute to the delay and cancellation of key projects. In a policy 
environment where there is limited evidence on which to base decisions it is important to reflect 
uncertainty, but not to apply unrealistic levels of precaution which will make it difficult to reach 
informed decisions about where and where not to build windfarms.  
 
There is a strong need for a consensus on the appropriateness of recommended avoidance rate 
values given the influence they have on collision estimates and, therefore, consenting decisions. 
However, at present, there is a lack of clarity over the interpretation of studies of avoidance 
behaviour and the applicability of the resultant avoidance rates to different collision risk models, 
study sites and species. As a result, details presented in reviews of avoidance behaviour of birds in 
the marine environment (e.g. Maclean et al. 2009, Cook et al. 2012) have been subject to confusion. 
A key reason for this is the lack of consistency in the terminology applied to different spatial scales of 
avoidance, and the widely varying interpretation of the types of avoidance behaviour occurring. 
There is therefore, an urgent need for a review of avoidance behaviour in offshore windfarms in 
order to provide a clear appraisal of the existing evidence base, provide a robust critique of the data 
available with which to refine recommendations on avoidance rates and offer clear guidance as to 
how they should be used in future collision risk modelling scenarios. Whilst the focus of this review 
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will be on collision risk modelling and species relevant to the UK context, it will draw on evidence 
from Europe and beyond.  
 
This work aims to reduce the current level of uncertainty around appropriate avoidance rates for 
seabird species within collision risk modelling by providing a thorough review of the existing 
evidence base. The scope of this review is broader than those previously undertaken (e.g. Cook et al. 
2012) and includes quantitative and qualitative analyses of the data identified with a view to 
identifying representative avoidance rates for five priority species – northern gannet, black-legged 
kittiwake, lesser black-backed gull, herring gull and great black-backed gull. The review identifies 
current knowledge gaps and aims to ensure that future strategic work is targeted at addressing the 
most appropriate issues. Due to the sensitivity of the work and the importance of its conclusions, the 
work has been overseen by a steering group of key stakeholders and experts, with a view to gaining 
widespread acceptance of its conclusions.  
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2. OBJECTIVES 
 


2.1 Produce definitions for the types and scales of avoidance rates that will be used 


throughout the review document 


 


It is important to make a distinction between avoidance rates, as used in collision risk models, and 
avoidance behaviour. Avoidance behaviour refers specifically to the behavioural response of birds to 
wind turbines. However, at present, in addition to accounting for avoidance behaviour, avoidance 
rates are often used as a ‘fudge-factor’ to account for error in the model itself and in its input 
parameters (see May et al. 2010, Douglas et al. 2012). Whilst SOSS guidance (Band 2012) sets out 
how these uncertainties should be accounted for in the collision risk modelling process, in practice, 
this is rarely done. The purpose of this review is to identify suitable avoidance rates for use in 
collision risk models; these rates will be informed, where appropriate, by recorded estimates of 
avoidance behaviour.  
 
A lack of clear, working definitions for different avoidance rates has hampered attempts to come up 
with standardised measures. Present definitions of avoidance rates rely on an ability to collect 
empirical data with which to compare predicted and observed collision rates (SNH 2010). As this is 
impractical for the offshore environment, Band (2012) proposes combining estimates of micro- (or 
near-field) avoidance, where a bird takes action to avoid collision at a point close to the turbine, and 
macro- (or far-field) avoidance, where a bird takes action to avoid collision at a point distant from 
the turbine, to generate an estimate of total avoidance. However, the empirical data underpinning 
such definitions is currently inconsistent and difficult to interpret.  
 
A key problem is often the lack of detail over what spatial scale data have been collected. For 
example, radar monitoring has shown that birds may take action to avoid entering a windfarm at 
distances of up to 6 km (Christensen et al. 2004), far further than could be observed by eye. As a 
result, by relying on visual observations, avoidance rates may be under-estimated as a significant 
proportion of birds will have taken action to avoid the windfarm before they are visible. Similarly, at 
present, it is not possible to identify birds to species level on the basis of radar echoes; 
consequently, by relying on radar, it will not be possible to derive species-specific avoidance rates. 
This is further complicated by evidence that avoidance can occur in a three-dimensional space, with 
horizontal avoidance, where a bird alters its heading to avoid collision, and vertical avoidance, where 
a bird alters its altitude to avoid collision (Krijgsveld et al. 2011, Plonczkier & Simms 2012). Such 
alterations may be relatively subtle and difficult to detect by eye. Where radar is utilised to monitor 
movements in response to turbines, it requires the use of both horizontal and vertical radar. 
Evidence describing three-dimensional avoidance behaviour, if it exists, is likely to be extremely 
limited. In defining different avoidance behaviours, the review therefore gives careful consideration 
to the methodologies used to collect the necessary data.  
 
Wind turbines are most typically in the order of seven rotor diameters apart (Meyers & Meneveau 
2012), based on existing turbine designs, this may vary from 480 m to 1.5 km, depending on the 
capacity used. Given the variable distances between turbines and the difficulties in obtaining  
consistent estimates of avoidance behaviour over the relevant spatial scales, the review considers 
whether it is possible to define micro-and macro-avoidance with reference to distance to turbines, 
or whether a more pragmatic approach, basing definitions on whether a bird is inside or outside a 
windfarm would be more appropriate. The review considers whether these definitions are 
appropriate to all species and groups, or whether a more flexible approach is necessary. This may 
depend on what evidence is available for different species. For example, avoidance rates for terns 
have often been derived from observed collision rates (Everaert 2008), whilst for other species, such 
as northern gannets, avoidance rates may be more reliant on radar data (Krijgsveld et al. 2011). The 
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review then considers evidence for avoidance behaviour occurring over horizontal and vertical 
planes.  
 
The review provides clear and concise definitions for micro-horizontal avoidance, micro-vertical 
avoidance, macro-horizontal avoidance and macro-vertical avoidance. Definitions are produced 
based on the behaviour of the birds as opposed to the requirements of a model and offer guidance 
about how final values can be adapted for use in different models.  
 
Defining the different forms of avoidance behaviour represents a major step forward in collision risk 
modelling. These definitions are central to the rest of the project, and, as such, have been agreed 
through discussion with the project steering group of key stakeholders and experts. 
 


2.2 Review the current use of avoidance rates  


 
In order to provide context to this work, it is important to consider how avoidance rates are 
currently used. With this in mind, the review considers published EIAs and identifies what avoidance 
rates have been used within the collision risk modelling process and what justifications have been 
put forward for their selection. This will help us determine how consistently existing guidance has 
been interpreted and applied, and help refine future guidance in order to minimise discrepancies in 
its application.  
 


2.3 Review and critique existing avoidance behaviour studies and any derived rates 


 
Avoidance rates have been derived from both observed mortality rates and actual observations of 
birds’ behaviour (Cook et al. 2012, Trinder 2012, Moray Offshore Renewables Limited 2012, 
Smartwind/Forewind 2013, Everaert 2014). In Belgium, at Zeebrugge port breakwater, onshore 
collision rates in terns and gulls have been used to derive avoidance rates based on recorded 
movement patterns and assumptions about turbine design (Everaert & Stienen 2007 Moray Offshore 
Renewables Ltd. 2012, Everaert 2014). However, the difficulties in directly recording collisions in the 
marine environment mean that studies of avoidance at offshore windfarms have relied on observing 
behaviour (Desholm et al. 2006, Blew et al. 2008, Krijgsveld et al. 2011). These studies have varied 
both in the species they have investigated, and also in the potential form of avoidance behaviour 
reported.  
 
Recognising that appropriate data may be extremely limited, we initially take a broad approach to 
our review, reviewing evidence for avoidance behaviour in marine birds generally. We demonstrate 
how this evidence relates to the definitions set out in the previous section of the report. Having 
done this, we assess whether sufficient evidence exists to draw conclusions about avoidance 
behaviour in five priority species – northern gannet, black-legged kittiwake, lesser black-backed gull, 
herring gull and great black-backed gull. If this is not possible, we will consider how to combine 
evidence within groups of species, on the basis of the ecology of the species concerned. Where this 
is necessary, we clearly state which species are in each group.  
 
In order to make an assessment of the level of confidence in the reported avoidance rates for each 
species or species group, we make a detailed qualitative critique of each study. Key questions 
include: 
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i.  How have avoidance rates been derived? 


 
We consider first whether the avoidance rates reported have been determined from observed 
mortality rates or actual observations of birds’ behaviour. The data collection methods used are 
summarised, and the limitations of each method discussed. Where avoidance rates have been back-
calculated from observed collisions at reference windfarms, they may incorporate error associated 
with model input parameters including population estimates, flight heights and turbine operational 
characteristics in addition to the actual avoidance behaviour of the birds. In contrast, direct 
observations of birds’ behaviour in relation to turbines will not incorporate model error. However, 
these observations may still need careful interpretation given methodological constraints over how 
data may be collected, for example, the distances over which birds can be observed in comparison 
to the distances over which they may take avoidance action.  
 
ii.  How comparable are the different datasets? 


 
Avoidance rates based on behaviour have typically been derived from a series of visual or radar 
observations (Desholm & Kahlert 2005, Blew et al. 2008), or through a combination of both 
(Krijgsveld et al. 2011, Plonczkier & Simms 2012). The range of distances over which data can be 
collected varies markedly between these platforms (Cook et al. 2012) and it is important to consider 
whether estimates – particularly of macro-avoidance – are comparable between different studies.  
 
It is also important to consider how and when data have been collected. For example, visual 
observations from land, or an offshore platform, may differ from those obtained during a boat-
based survey, where the movement of the boat may mean that surveyors have a less stable platform 
or because birds may exhibit a behavioural response to the presence of a boat (although following 
standard guidance should help to minimise the influence of these factors: Camphuysen et al. 2004). 
Visibility may also strongly influence results from visual observations. Seasonality may influence both 
the results from both radar and visual observations as foraging birds may respond very differently to 
migrating birds (Blew et al. 2008, Krijgsveld et al. 2011). This may be particularly important for radar 
studies, where it is not possible to identify radar echoes to species level and, as a result, it is more 
difficult to separate observations of migrants from those of local, foraging birds during periods of 
passage.  
 


iii.  Are reported avoidance rates affected by any special factors? 


 
The location of the windfarm may have a strong impact on reported collision rates. If these collision 
rates are then used to calculate avoidance rates, it may lead to an erroneous assessment of 
avoidance behaviour. For example, a Belgian study has reported collision rates at a windfarm in 
Zeebrugge for terns (Everaert & Stienen 2007). The results from this study have been widely used to 
calculate micro-avoidance rates for terns (e.g. Whitfield 2008). However, as this windfarm was 
located on a seawall, next to a breeding tern colony, it is unclear whether behaviour around the 
turbines would be consistent with that of foraging terns, further out to sea. In addition, the size of 
turbines planned for offshore windfarms is significantly greater than those installed at many of the 
sites for which collision data are available. For this reason, we will consider whether there is any 
evidence for a relationship between turbine size and the avoidance rates derived from mortality 
data.  
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2.4  Provide summary avoidance rates and a total avoidance rate for each priority 


species/species group based on the evidence available at present 


 
Based on the information compiled from the above review, we derive avoidance rates based on 
published evidence for each of the five priority species – northern gannet, black-legged kittiwake, 
lesser black-backed gull, herring gull and great black-backed gull, and other species as relevant. 
Where necessary, this involved going back to the source material of the studies concerned and back-
calculating avoidance rates following the methodology set out by Band (2000). Where insufficient 
data were available to make recommendations for individual species, we combine estimates within 
species groups, based on the ecologies of the species concerned. Based on our critique of the studies 
from our review we then indicate where our confidence in each reported value is affected by the 
quality of the data it is based on.  
 
Where possible, we combine avoidance rates collected at different scales, in order to calculate a 
total avoidance rate for each species. Estimates of micro-avoidance and macro-response can be 
combined to give an overall avoidance rate following equation 1, if sufficient data are available, we 
will extend this equation to include horizontal and vertical avoidance, as detailed in equations 2 and 
3. Given the limited evidence available, it may be necessary to draw in data from closely related 
species and derive avoidance rates based on a group, rather than species-specific basis. Where this is 
necessary, we will clearly state what we have done and indicate our confidence in the derived rate 
accordingly.  
 


Arate  = 1 – [(1 - Amicro) X (1 - Amacro)] [Eq. 1] 
Amicro- = 1 – [(1 – Mihoriz) X (1 – Mivert)] [Eq. 2] 


Amacro- = 1 – [(1 – Mahoriz) X (1 – Mavert)] [Eq. 3] 
 


Where Arate is the total avoidance rate, Amicro-is the micro-avoidance rate, Amacro-is the macro-


avoidance rate, Mihoriz is the micro-horizontal avoidance rate, Mivert is the micro-vertical avoidance 


rate,  Mahoriz is the macro-horizontal avoidance rate and Mavert is the macro-vertical avoidance rate. 


Note that the ability to combine horizontal and vertical movements in this way will depend on how 


data have been collected. It is likely that some birds will make horizontal and vertical movements 


concurrently, and therefore, it would not be appropriate to combine data in this way.  


 
This summary is used as the basis for a gap analysis based on our earlier definitions of avoidance 
behaviour. In combination with the above critique of avoidance rate studies, this gap analysis will 
help provide a target and possible methodologies for future research on avoidance behaviour of 
birds in relation to offshore windfarms, for example the Offshore Renewables Joint Industry Project 
(ORJIP), due to get underway in summer 2014 (Davies et al. 2013).  
 


2.5 Undertake an assessment of the sensitivity of the conclusions reached to inputs and 


conditions under which they were collected 


 


The final avoidance rates are likely to be sensitive to both factors which are directly parameterised 
within the collision risk model, such as species’ flight heights, turbines’ operational time and rotation 
speed, those parameterised in collecting collision data such as corpse collection, and also those 
which are not directly parameterised, such as seasonality, weather conditions and whether data 
have been collected during the day or night. Whether estimates of avoidance behaviour have been 
derived from behavioural observations or recorded collision rates, they are likely to be influenced by 
the factors which are not directly parameterised. For this reason, we assess how such variables are 
likely to have influenced the final avoidance rate in each study. For example, avoidance rates based 
on data only collected during conditions with better than average visibility may be expected to differ 
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from those based on data collected during periods of poor visibility, a potential source of model 
error. Where avoidance rates have been derived from collision data, there is the also potential for 
the model input parameters to influence the final values. 
 
These methodologies have typically been restricted to turbines at onshore locations (Everaert & 
Stienen 2007), where corpse collection is practical. There are concerns that this may lead to an over-
estimate of the avoidance rate as some corpses go undetected and correction factors to account for 
this (Winkelmann 1992, Bernardino et al. 2013) may not be correctly applied. With this in mind, we 
focus on the best quality studies, but also consider how undetected corpses may influence the 
avoidance rate we derive.  
 
Where a collision rate is available for a site, the avoidance rate (Arate) can be calculated as follows: 
  


Cpred = (Flux rate * Pcoll) + error [eq. 4] 
Arate = 1 – (Cobs/Cpred)   [eq. 5] 


 
Where Cpred is the predicted number of collisions in the absence of avoidance action, Cobs is the 
observed number of collisions, flux rate is the total number of birds passing through the rotor swept 
area and Pcoll is the probability of a bird colliding with a turbine. The probability of collision, Pcoll can 
be calculated following the formula set out in Band (2012). However, this highlights a second area 
where the conclusions about avoidance rates may be sensitive to the inputs as values of Pcoll will be 
specific to the design of turbines (Cook et al. 2011). Consequently, knowledge of rotor speed, radius, 
chord width and pitch, for the turbine concerned, are required before estimating an avoidance rate 
from a collision rate. These characteristics can vary considerably, even between turbines of a similar 
generating capacity (http://www.4coffshore.com). As a result, error is likely to be introduced into 
the calculation through inaccuracies in estimates of the flux rate and also through inaccuracies in the 
estimation of Pcoll. 
 
 As detailed in Cook et al. (2012), failing to account for turbine design correctly when deriving 
avoidance rates as described above can lead to erroneous estimates of Pcoll and, therefore, the 
avoidance rate. For this reason, where a study reports a collision rate, rather than an avoidance rate, 
we have attempted to obtain data on these parameters. Where we are unable to obtain this 
information, we calculate a value of Pcoll based on the parameters from a range of turbines of a 
similar size. We then consider whether avoidance rates derived from collision estimates are more 
sensitive to variation in turbine design or to correction factors that account for failure to detect 
corpses.  
 


2.6 Applicability of avoidance rates to different collision risk models 


 
We finally consider how the total avoidance rate, and its constituent elements, reflect the values 
necessary for collision risk modelling. At present, the collision risk model formulated by Band (2012) 
for use in the offshore environment has three different options which can be used to estimate the 
total number of birds at risk of collision. These options reflect different ways in which estimates of 
the proportion of birds at collision risk height can be incorporated into the collision risk modelling 
process. Band model option 1 assumes that birds are distributed evenly within the rotor-swept area 
of a turbine. It bases estimates of the proportion of birds at risk of collision on data collected during 
pre-construction surveys of the site in question. Band model option 2 is mathematically identical to 
the first option, also assuming an even distribution of birds within the rotor-swept area of the 
turbine. However, the proportion of birds at collision risk height is estimated from continuous 
distributions derived from data collected across multiple sites (Cook et al. 2012, Johnston et al. 
2014a,b). Options 1 and 2 of the Band model are collectively referred to as the basic model.  In 
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practice, birds are unlikely to be evenly distributed across the rotor-swept area of a turbine 
(Johnston et al. 2014a). Band model option 3, often referred to as the extended Band model, 
accounts for this by using a continuous flight height distribution to estimate collision risk at different 
points within the turbines rotor-swept area.   
 
As birds are typically clustered to the lower edges of the rotor-swept area (Johnston et al. 2014a), 
option 3 often results in lower estimates of collision rates. As a consequence, there is intense 
interest in its use within EIAs for offshore windfarms. However, avoidance rates currently in use that 
are derived for the onshore environment by combining collision rates with estimates of Pcoll from the 
basic Band model are not suitable for use in the extended model, as accounting for a heterogeneous 
flight height distribution will result in a lower number of collisions predicted in the absence of 
avoidance. (Although, note that this difference may be partially offset as avoidance rates derived in 
this way do not account for changes in flight altitude in response to the presence of a windfarm.). As 
a result estimates of avoidance behaviour based on the basic model are likely to be higher than is 
appropriate for the extended model (equations 4 and 5) – this is considered as part of the review.  
 
Where estimates of avoidance rates have been derived from behavioural observations, for example 
displacement from offshore windfarms, rather than recorded collision rates, the applicability to 
different models is less clear. We consider how our final avoidance rates have been derived and 
what implications this has for how they are incorporated in collision risk models.  
 
We also offer guidance not just on the applicability of avoidance rates to the basic and extended 
Band models, but also their transferability of avoidance rates to alternatives including the Biosis 
model (Smales et al. 2013).  
 
The data necessary to derive avoidance rates suitable for use with option 3 of the Band model 
following the formula given by equation 6 are often unavailable. However, a suitable avoidance rate 
can be derived by estimating the ratio of Pcoll from option 2 of the Band model to Pcoll from option 3 
of the Band model and applying this to the inverse of the avoidance rate used for option 1. For the 
rationale and a full description of this approach see the supplement to the guidance on ‘Using a 
collision risk model to assess bird collision risks for offshore windfarms’ (Band 2012) provided by Bill 
Band as Annex 1 to this report.  
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3. DEFINITIONS OF AVOIDANCE BEHAVIOUR 


 
3.1 Introduction 


 
Chamberlain et al. (2005, 2006) demonstrated that, of the parameters used in the Band collision 
model (Band 2006), the avoidance rate used was among those that the predicted collision rates 
were most sensitive to. Subsequently, the identification of appropriate avoidance rates has been 
subject to widespread debate. Guidance produced by Scottish Natural Heritage (SNH 2010) has been 
largely accepted in the UK for the terrestrial environment, subject to revision as additional data 
become available (e.g. Pendlebury 2006). Whilst this document references some seabird species, its 
guidance for offshore windfarms is limited to the suggestion that a range of avoidance rates should 
be presented. Country agencies have provided advice to developers as necessary, but the lack of 
guidance produced specifically for the offshore environment, and for the updated Band model for 
use in the offshore environment (Band 2012), has led to uncertainty amongst developers, regulators 
and other stakeholders as to what values reflect realistic avoidance rates (e.g. MacArthur Green 
2012, MORL 2012) and for which collision risk models they are appropriate. Previous studies have 
attempted to review avoidance behaviour in offshore species (e.g. Maclean et al. 2009, Cook et al. 


2012) but a failure to gain widespread consensus about the values presented has meant the 
situation remains largely unresolved. 
  
Deriving avoidance rates for terrestrial windfarm developments has been based largely on the ability 
to estimate the numbers of birds killed by collisions. Every bird flying through the rotor-swept area 
of a turbine has a probability of colliding with the turbine blades (Pcoll), typically in the range of 5-
10% for seabirds, depending on species and the design of the turbine concerned (Cook et al. 2011). 
By multiplying the total number of birds expected to pass through the rotor-swept area of a turbine 
by Pcoll  it is possible to predict the number of collisions that would be expected, should birds take no 
action to avoid collision. In the case of terrestrial windfarms estimates of the total number of 
collisions actually occurring, once turbines are operational, can be made by using corpse searches 
around the windfarm to assess actual mortality rates, or observed collision rates1. Band (2000) 
therefore suggests that the avoidance rate can be thought of as equation 6, where the collision rate 
expected in the absence of avoidance is the total number of birds (Flux rate) passing through the 
rotor-swept area of a turbine, multiplied by Pcoll. However, in practice both Pcoll and the flux rate are 
likely to be subject to error – Pcoll in relation to the model input parameters and flux rate in relation 
to estimates of the total number of birds passing through the windfarm. Of the two, the error 
associated with the flux rate is likely to be greatest as a result of the difficulty in recording the 
number of birds passing through a site over an extended period of time and the need to extrapolate 
from, often brief, observation periods to estimate a flux rate for the study period as a whole. As a 
result of the need to incorporate this error, it may be better to think of this in terms of an avoidance 
correction factor, as opposed to an avoidance rate, which implies it is solely dependent on the 
behavioural responses of birds: 
 


  ��������	 = 	1 −	���������	���������	����	������	× �!"	#���$	 % (eq. 6) 


 
However, in the case of offshore windfarms, recording actual collisions, or mortality rates, is not 
currently practical, although the forthcoming Offshore Renewables Joint Industry Project (ORJIP) will 
aim to provide additional data to inform avoidance rates using behavioural observations (Davies et 


al. 2013). Therefore, at present, guidance on appropriate avoidance rates for use in the offshore 
environment draws on the experiences gained in the terrestrial environment, as well as being 


                                                           
1 Subject to some carcass recovery factor (i.e. the potential to miss carcasses, removal by predators, etc.). 
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informed by studies of bird movements, where suitable data are available (e.g. Desholm & Kahlert 
2005, Petersen et al. 2006, Masden et al. 2009, Blew et al. 2008, Krijgsveld et al. 2011). Where 
studies have sought to use movement data to inform values for avoidance rates, this has often led to 
confusion due to uncertainty over the spatial scales involved. Birds have been shown to alter their 
flight paths in order to avoid entering an offshore windfarm at distances of up to 6 km (Christensen 
et al. 2004). As a result, where avoidance rates have been derived from human observations they 
may represent a substantial under-estimate of total avoidance, as many birds will have taken action 
to avoid the windfarm before they become visible to observers. The difficulties caused in attempting 
to draw firm conclusions from such disparate data sources has led to a variety of terms being used to 
sub-divide avoidance behaviour at different spatial scales.  
 
At a simple level, Cook et al. (2012) and Band (2012) suggest that the total avoidance rate for an 
offshore windfarm could be considered as (eq. 7): 
 
 &�'�(	��������		 = 1 − ��1 −)��*�$	×	�1 − )��*�$$	(eq. 7) 
 
We use this definition as the basis for discussion relating to the different types of avoidance that 
need to be quantified in order to derive an estimate of total avoidance, and extend it to incorporate 
meso-avoidance (eq. 8), as defined below. 
 
 &�'�(	��������		 = 1 − ��1 −)��*�$	× �1 −)	+�$ × �1 −)��*�$$	(eq. 8) 
 
3.2 Defining appropriate spatial scales of avoidance 


 


This section aims to define appropriate spatial scales of avoidance; for detailed review of the 
evidence for avoidance at these defined scales, see section 5. 
 
A bird may respond to a fixed object, such as a turbine, at any point between the time at which it 
first observes the object and the time at which it passes or collides with the object, or based on 
previous experiences of the site. As such, attempts to subdivide avoidance behaviour with reference 
to spatial scale are largely arbitrary and the different behaviours should be seen as part of a 
continuum. Nevertheless, such divisions are necessary given the spatial scales over which these 
behaviours can be recorded. Band (2012) focusses on macro- and micro- avoidance, with a third 
category, meso-avoidance, fitting in the gap between the two also suggested (Pendlebury, pers. 


comm.). We consider these scales in turn, with each reflecting an increasing distance between the 
bird and the turbine blades (Figure 3.1). However, the distances over which these categories of 
behaviour occur are more difficult to define.  
 
 
 
 
 
 
 
 
 
 


Figure 3.1  Spatial scales over which avian responses to turbines have been recorded 
 
It is also necessary to consider how avoidance rates are applied within the collision risk modelling 
framework. Expected collision rates (as per eq. 7) are typically derived using estimates of the 


MACRO MICRO MESO MICRO MESO 


Decreasing distance to turbines 







 


BTO Research Report No. 656 


September 2014 31 


 


numbers of birds flying through the windfarm area prior to construction. Therefore, overall 
avoidance rates need to account for birds no longer entering the windfarm area post-construction 
(i.e. birds exhibiting displacement and barrier effects) in addition to avoidance of the turbines 
themselves. As a result, it is necessary to consider how other effects, such as displacement and 
barrier effects, may contribute to the overall avoidance rates, as part of macro-avoidance.  
 
We consider how each of these scales may be used to inform collision risk modelling below: 
 


Macro- Band (2012) gives the example of displacement as one impact which may contribute to 
macro-avoidance. Displacement is typically assessed by comparing numbers of birds in the area of 
the windfarm to those recorded in a baseline period. However, difficulties in quantifying 
displacement rates – numbers may vary for many reasons in addition to the development of the 
windfarm, and it is important that this is considered in an appropriate survey design, for example 
using a BACI-approach (Masden et al. 2010) – mean that interpreting these data must be undertaken 
with caution and careful consideration of the survey design (Maclean et al. 2013). Furthermore, 
published displacement rates can refer to the numbers of birds displaced from the windfarm plus a 
significant (species-dependent) buffer distance around the windfarm. Consideration must also be 
given as to whether displacement rates reflect all birds within the windfarm area and buffer, or just 
those on the water. As collision risk modelling relates only to birds in flight, if displacement rates 
refer only to birds on the water, they may not reflect macro-avoidance. Relying solely on 
displacement, as often reported in Environmental Impact Assessments, may therefore 
underestimate the true scale of macro-avoidance because 1) estimates may not account for birds in 
flight; and 2) estimates do not account for birds that are displaced from the windfarm area, but 
remain within the buffer surrounding the windfarm. 
 
In addition to measuring displacement rates, a number of offshore windfarm post construction 
monitoring studies have used radar to assess the proportion of birds which enter a windfarm area 
(e.g. Petterson 2005, Petersen 2006, Krijgsveld et al. 2011). The potential for windfarms to act as a 
barrier to birds in this way has been widely discussed, mostly in the context of migrants (e.g. 
Desholm & Kahlert 2005, Masden et al. 2009), although it may also be of relevance to seabirds 
commuting between breeding colonies and feeding areas – an area of study that needs addressing 
with some urgency. Such study would illustrate changes in flight trajectory amongst birds 
approaching windfarms and would help to determine the spatial scale over which such responses 
may occur. , 
 
In addition to displacement and the windfarm acting as a barrier, several studies have suggested 
that some species, notably gulls and cormorants, may be attracted to the area of offshore windfarms 
(e.g. Lindeboom et al. 2011, Leopold et al. 2011). The macro-avoidance rate needs to capture the 
change in bird numbers within the windfarm area resulting from the development of the windfarm 
site. Consequently, the term ‘macro-avoidance’, may lead to confusion as, conceptually, the idea of 
a negative macro-avoidance rate (i.e. birds being attracted to a windfarm) may be difficult to 
communicate to stakeholders. For this reason, use of the more neutral term, macro-response, may 
be preferable as it implicitly covers both attraction and avoidance (Figure 3.2).  
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Figure 3.2 Range of proportional responses to the presence of an offshore windfarm as they 
would be incorporated in eq. 2 (above), i.e. a response of -0.1 would reflect an 
increase in the number of birds present within the windfarm of 10% in comparison 
to baseline numbers, whilst a response of 0.1 would reflect a decrease of 10% in 
comparison to baseline numbers, which are sensitive to survey design due to the 
extent of year on year variation in seabird abundance.  


 
The macro-response of birds to the presence of a windfarm should be defined as the behavioural 
response taking place outside the windfarm perimeter. It is important that the perimeter of the 
windfarm is clearly defined. Definitions could be based on characteristics such as turbine rotor 
diameter, or the inter-array turbine spacing. However, such definitions would vary between sites in 
relation to the layout and size of turbines used, meaning values for the macro-response rate would 
be less directly comparable between sites. For this reason, defining the perimeter as extending a 
fixed distance from the base of the outermost turbines is preferable. The review will define of the 
perimeter as the boundary of a minimum convex polygon encompassing an area extending from a 
distance of 500 m from the base of the outermost turbines (see Figure 3.3).  
 
The term macro-response will be used to refer to changes in bird numbers within the windfarm area 
resulting from the development of the windfarm site, through processes including, but not limited 
to, attraction, displacement and barrier effects. Where displacement is used to infer a macro-
response rate, it is important to be clear whether this reflects displacement from the windfarm only, 
or displacement from the windfarm plus a buffer. Buffers considered in the assessment of 
displacement effects typically extend beyond the 500 m around the windfarm perimeter considered 
here as some birds may respond to the presence of the windfarm at distances greater than this. 
Measures of displacement that use such buffers may thus underestimate the macro-response rate 
considered here. As collision risk models refer to birds in flight only, when using displacement rates 
to estimate a part of macro-avoidance behaviour, it is also important to lend more weight to studies 
that distinguish the displacement rates of birds in flight and on the water, or those for which it is 
possible to estimate the number, or proportion, of birds in flight.  
 


Micro- Blew et al. (2008) suggests that micro-avoidance reflects a ‘last-second’ alteration to a flight 
path in order to avoid collision with a turbine. Petterson (2005) and Blew et al. (2008) both suggest 
that birds adjust their flight paths to avoid entering the rotor-swept zone of a turbine and that, 
therefore, birds may only rarely need to take last second action to avoid collision, possibly as a result 
of adverse conditions, such as poor visibility. This is borne out by empirical evidence presented in 
Desholm (2005) and Krijgsveld et al. (2011) (see section 5.3).  
 


<-1 


Avoidance  Attraction 


 0 1 







 


BTO Research Report No. 656 


September 2014 33 


 


 


Figure 3.3  Schematic illustrating the spatial scales over which micro-avoidance, meso- and 
macro- responses operate. Dots refer to turbine tower locations. (Not to Scale) 


 
Therefore, it would seem reasonable to define micro-avoidance as a last-second alteration to a 
bird’s flight path in order to avoid collision. For the purposes of observational studies, such last-
second avoidance would be expected to occur in a 3-dimensional space within 10 m of the turbine 


blades (i.e. at distances of 10 m horizontally or vertically from edges of the turbine blades) – though 
note that this distance (and consequently the appropriate definition of micro-avoidance) may be 
refined based on future advances in the techniques used to collect the necessary data (see Figure 
3.3). Such behaviour is likely to be recorded relatively rarely.  
 
Meso- Whilst macro-responses reflect behaviour outside the windfarm and micro-avoidance reflects 
last-second action taken to avoid collision, there is a need to consider a third category, reflecting 
species responses to turbines within a windfarm (Figure 3.4). Both Desholm & Kahlert (2005) and 
Krijgsveld et al. (2011) demonstrated that the majority of birds do not pass within 50 m of a turbine. 
However, some, such as cormorants, may be attracted to structures, which offer potential roosting 
sites (e.g. Leopold et al. 2011). For this reason, as in the case of macro-response, it may be more 
straightforward to talk about a meso-response to turbines than meso-avoidance. The term meso-
response should be used to refer to all behavioural responses to the turbines beyond the 10 m 


buffer around the rotor blades, covered by micro-avoidance, and within the perimeter of the 


windfarm (see Figure 3.3). This may include, for example the attraction of cormorants to turbine 
bases as a roosting site, as the base of the turbine would be beyond the 10 m buffer around the 
rotor blades.  
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Figure 3.4 Flight trajectories of migrating waterbirds within an offshore windfarm, red dots 
indicate locations of turbines. Reproduced with permission from Desholm & Kahlert 
(2005) Avian collision risk at an offshore windfarm. Biology Letters 1: 296-298. 


 
At present, the scale at which data are collected may make it difficult to differentiate between a 
meso-response and micro-avoidance. Therefore, it is recommended that the term macro-response 
is used to refer to a response outside the windfarm and within-windfarm response, covering both 
the meso- and micro-scale, is used to refer to a response occurring inside a windfarm. In response to 
technological advances, a fuller separation of meso-responses from micro-avoidance is likely to be 
possible in the near future. For example, it may be possible in future to combine radar monitoring of 
flight paths through offshore windfarms to capture meso-responses (as in Desholm & Kahlert 2005) 
with images captured from turbine mounted cameras to capture micro-avoidance (as in Desholm et 


al. 2006).  
 


3.3 Defining the appropriate 3-D level of avoidance 


 
This section aims to define appropriate 3-D scales of avoidance; for detailed review of the evidence 
for horizontal and vertical meso-avoidance, see section 5.2. 
 
In addition to occurring over a range of different spatial scales, avoidance behaviour may occur in 
both the horizontal and vertical planes. Below, we describe how observations of horizontal and 
vertical avoidance may be collected and the spatial scales which may be relevant to each. This 
distinction is important given that some methodologies for recording avoidance behaviour, such as 
radar, may not detect both horizontal and vertical movements, meaning that where only one is 
recorded, the derived avoidance rate is likely to be an underestimate, which may be offset by an 
inability to record horizontal and vertical movements occurring concurrently. There is also a need to 
consider the relationships between avoidance and other effects of offshore windfarms on birds, for 
example barrier effects and displacement. 
 
Horizontal Avoidance Much of the research into the avoidance behaviour of seabirds in relation to 
offshore windfarm has focussed on horizontal avoidance, whereby birds alter their flight paths so 
that they fly around turbines or do not enter the perimeter of the windfarm (i.e. Desholm & Kahlert 
2005, Masden et al. 2009). These data have been collected using a variety of methodologies, notably 
visual observations (i.e. Krijgsveld et al. 2011) and radar observations (i.e. Petersen et al. 2006). We 
consider that all 3 spatial scales defined here are relevant in the context of horizontal avoidance. 
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Vertical Avoidance As technologies and survey protocols for monitoring collisions become more 
developed (e.g. Desholm et al. 2006, Collier et al. 2011a, 2011b) monitoring of both horizontal and 
vertical movements around turbines should become more feasible. For radar, however, at greater 
distance this may be more challenging as detecting both horizontal and vertical avoidance requires 
the use of both x- and y-band radar. At present, radar monitoring of bird movements in and around 
offshore windfarms typically focuses on horizontal avoidance behaviour, using horizontal radar (e.g. 
Petersen et al. 2006). Where changes in flight height amongst birds entering the windfarm have 
been estimated (e.g. Blew et al. 2008) this has been at too coarse a resolution to inform vertical 
avoidance. However, recent developments in radar technology (e.g. http://www.robinradar.com/3d-
flex/) may make this a more practical solution to investigate vertical avoidance behaviour amongst 
birds approaching offshore windfarms.  
 
Krijgsveld et al. (2011) demonstrate that a number of species may fly at lower altitudes within-
windfarms than outside windfarms and incorporate vertical avoidance behaviour in their estimation 
of micro-avoidance rates using a combination of visual and radar observations. Their results suggest 
that a substantial proportion of birds may alter their flight altitudes in order to avoid collision. Given 
the development of technologies capable of monitoring the movement of birds close to turbines, 
such as the Thermal Animal Detection System (Desholm et al. 2006), these results suggest that 
focussing on vertical avoidance at a micro-meso, as opposed to macro, scale may be worthwhile. At 
a micro-scale, it is likely that vertical avoidance would be captured as part of an evasive manoeuvre.  
 
3.4  Total avoidance rates 


 
In this section, we have produced definitions that are considered to work within the constraints of 
our current understanding of avoidance behaviour and data collection limitations. It is clear, given 
the multiple potential components of avoidance behaviour that we have identified (Figure 3.5), that 
equation 7 is an over-simplification of overall avoidance rates. In future studies it is important to 
consider how each of these components can be quantified. As technological capabilities advance, 
the definitions outlined above may become obsolete. However, any refinement to these definitions 
should be based on the behaviour of the species concerned, rather than artificially induced by 
methodological constraints, for example, the distance over which observations can be made with 
the use of binoculars or telescopes.  
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*Macro-responses may occur in the vertical plane, 


However, technical limitations mean it is unlikely to  


be possible to measure this  


 


Figure 3.5 Schematic detailing how different behavioural responses to offshore windfarms may combine to give a total avoidance rate. At each 
different level birds may respond either vertically or horizontally. Outside a windfarm, both displacement and barrier effects are likely to 
contribute to the macro-response rate. However, the contribution of displacement to macro-avoidance may be hard to quantify as a result 
of uncertainty associated with estimating its effects. Avoidance behaviour inside a windfarm is often termed micro-avoidance, however, it 
may be appropriate to split this term further by considering a meso-response, where birds enter a windfarm but do not pass close to 
turbines, and micro-avoidance, where birds take last minute action to avoid collisions.  
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3.5  Recommended Definitions 


 


For the purposes of this review, the definitions we will use for bird behaviour in response to offshore 
windfarms and turbines are (Figure 3.3): 
 


MACRO-RESPONSE – The response of birds to the presence of the windfarm outside its 
perimeter, defined as a 500 m buffer surrounding the outermost turbines. Responses may 
include attraction to the windfarm, displacement from preferred foraging habitat or an 
alteration to flight paths as a result of seeing the windfarm as a barrier. These may occur in 
either horizontal or vertical planes, although at present technological limitations mean that 
it is not possible to measure vertical macro-responses. For this reason, for the purposes of 
this review, we consider only horizontal macro-responses.  
 
MESO-RESPONSE – A redistribution of birds, or alteration of flightpaths within a windfarm in 
response to the presence of the turbines. This may encompass both horizontal and vertical 
responses. These responses are in contrast to micro-avoidance, see below.  
 
MICRO-AVOIDANCE – Last-second action taken by birds flying at rotor height to avoid 
collision, encompassing both horizontal and vertical movements, within a 10 m buffer 
surrounding turbine rotor-swept areas. 
 


Due to current methodological difficulties in distinguishing micro-avoidance behaviour from meso-
response behaviour, a fourth category is defined for the purposes of this review to act as a proxy for 
responses to windfarms at these scales: 
 


WITHIN-WINDFARM AVOIDANCE – Encompassing both meso-responses and micro-
avoidance to describe how birds within a windfarm respond to the presence of a turbine. 
 


The review focuses on data relating to macro-responses and within-windfarm avoidance. 
Distinctions between responses at the meso- or micro-scale and horizontal or vertical responses 
have not been made at this stage as insufficient data are available to support them. Future studies 
should aim to be able to make such distinctions to improve our understanding of avian avoidance 
behaviour at offshore windfarms. 
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4. REVIEW OF AVOIDANCE RATES USED IN COLLISION RISK MODELLING FOR OFFSHORE 


WINDFARMS 


 


We reviewed the use of avoidance rates in collision risk modelling as part of the impact assessment 
process for 35 consented or proposed offshore windfarms (Table 4.1). There was considerable 
variation between assessments in the rates selected, which were as low as 0.87 and as high as 
0.9999. In the majority of cases, a single avoidance rate for all species, ranging from 0.95 to 0.99, has 
been used in the collision risk modelling process to assess the potential impacts for all species 
considered. However, in some instances, developers and their consultants have felt that sufficient 
evidence exists to consider higher rates for some species, notably terns, although these values have 
no always been accepted within the decision process.  
 
The species assessed during the collision risk modelling process vary on a site by site basis. This 
typically reflects the distribution of these species, for example, with Manx shearwater likely to be 
assessed at sites on the west coast of the UK. However, some species, such as northern gannet, 
black-legged kittiwake, lesser black-backed gull and great black-backed gull, are considered in most 
assessments, reflecting the broad scale distributions of these species. The flight height of birds is 
also an extremely important factor in determining the likely risk of collision (Johnston et al. 2014a). 
In several early assessments, a screening process was also carried out whereby species for which 
only a small proportion of individuals (typically <1%) were recorded flying at heights placing them at 
a risk of collision were excluded from the collision risk modelling process (Table 4.1). As a result of 
this screening process, the collision risk of some species, such as auks and divers, was assumed to be 
negligible and therefore not assessed using collision risk models.  
 
In early assessments, the avoidance rates used in collision risk modelling were often very high, 
typically in excess of 0.99. The use of these rates was largely founded on collision rates reported at 
onshore windfarms (e.g. Winkelman 1992, Everaert 2003). However, these do not reflect true 
avoidance rates as they do not account for birds which pass safely through the rotor swept area of 
the turbines without taking avoidance action, or indeed those which pass through the windfarm 
without entering the rotor-sweep of the turbines. 
 
In 2005, SNH issued guidance for sensitive bird species commonly identified in (onshore) windfarm 
environmental statements (SNH 2010) that a default avoidance rate of 0.95 should be used. This 
figure was based on expert opinion (Andy Douse pers. comm.) and acknowledged as being 
precautionary. It was felt that, as evidence became available, this rate would be revised upwards. Of 
the 13 assessments for offshore windfarms published between 2005 and the revision of this 
guidance in 2010 (SNH 2010), seven followed this guidance (see Table 4.1). The remaining 
assessments which argued that higher avoidance rates were more appropriate,  cited as part of their 
justification empirical data of collision rates collected from sites in Belgium (see Everaert 2003, 
Everaert and Stienen 2006, Everaert 2008) or assessments of species’ manoeuvrability as 
determined by Garthe and Hüppop (2004) and Maclean et al. (2009).  
 
Following evidence obtained from onshore windfarms suggesting avoidance rates were likely to be 
significantly higher than 0.95 (Fernley et al. 2006, Pendlebury 2006, Whitfield and Madders 2006, 
Whitfield 2009) the default values were revised by SNH (2010). A default rate of 0.98 was 
recommended for all species considered in this guidance which included gull sp., tern spp, skua spp 
and diver sp. Exceptions to the default value included geese, hen harrier and golden eagle, for which 
sufficient evidence was available to support a 0.99 avoidance rate, and kestrel and white-tailed 
eagle, for which the 0.95 avoidance rate was retained as it was felt they were particularly susceptible 
to collisions. Again, a significant proportion (12 out of 18) of environmental impact assessments for 
offshore windfarms published since 2010 follow this guidance. The remaining studies cite evidence 
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from Belgium (Everaert 2003, Everaert and Stienen 2006, Everaert and Kuijken 2007, Everaert 2008) 
and the Netherlands (Leopold et al. 2011, Krijgsveld et al. 2011), or again base avoidance rates on 
assessments of species’ manoeuvrability as determined by Garthe and Hüppop (2004) and Maclean 
et al. (2009)  in support of higher avoidance rates. As part of our review, we consider the strength of 
the quantitative evidence put forward in these studies and how qualitative information may be used 
to support these conclusions.  
 
The evidence base for the revised avoidance rates is largely based on collision mortality observations 
at onshore / coastal windfarms – although recent behavioural avoidance evidence from Egmond aan 
Zee (Krijgsveld et al. 2011) is also being used – and there are uncertainties around the applicability of 
these values to offshore windfarms (Trinder 2012). First, whilst some seabird species may be 
attracted to offshore windfarms, others such as northern gannet show evidence of macro-avoidance 
(e.g. Krijgsveld et al. 2011, Vanermen et al. 2013) (see section 5.1). In contrast, while some 
terrestrial species, such as geese, may also show strong macro-avoidance of offshore windfarms 
(Plonczkier & Simms 2012), macro-avoidance is often less likely at terrestrial windfarms (e.g. 
Devereux et al. 2008, Garvin et al. 2011, Pearce-Higgins et al. 2012). As a result, avoidance rates in 
relation to offshore windfarms need to capture not just avoidance of the individual turbines, as is 
the case for species at terrestrial sites, but also of the windfarm itself.  
 
Secondly, estimates of avoidance derived from collision mortality rates (rather than direct 
observations of avoidance – ‘behavioural avoidance’) follow the formula given in SNH (2010), 
whereby observed mortality is divided by the mortality expected in the absence of avoidance based 
on the flux of birds through the rotor-swept area (equation 6).  
 
Surveys for terrestrial windfarms are usually carried from vantage points within 2 km of the area to 
be observed, ensuring that all observations are within 2 km. However, these methodologies rarely 
employ distance correction which means that the flux rates of birds (or population estimates) are 
likely to be underestimated. If the numbers of birds passing through the rotor-swept area of a 
turbine, and therefore the expected numbers of collisions, are underestimated, the derived 
avoidance rate will also be an underestimate. In contrast, population sizes within offshore 
windfarms of each of the five priority species considered as part of this review may potentially be 
over-estimated, given the attraction of each to boats (e.g. Garthe & Hüppop 1994, Skov & Durinck 
2001). Even where population data have been collected from other platforms, for example, by digital 
aerial survey (e.g. Buckland et al. 2012), the potential for underestimating population size is 
considerably less than for surveys of onshore windfarms. As populations within offshore windfarms 
are unlikely to be underestimated, it has been argued (Trinder 2012) that an avoidance rate suitable 
for estimating collisions at an onshore windfarm will lead to underestimation of avoidance 
behaviour if used for estimating collisions at an offshore windfarm.  
 
This review highlights the reliance of offshore windfarm developers, and their consultants, on 
guidance from Statutory Nature Conservation Bodies (SNCBs) about the use of appropriate 
avoidance rates. Of the 35 studies we identified, 19 cited the SNH guidance from either 2005 or 2010 
in support of the avoidance rates selected for some, or all of their study species. Of these studies, 
several have suggested that these avoidance rates are potentially overly-precautionary, citing 
evidence from Belgium (Everaert 2003, Everaert and Stienen 2006, Everaert 2008), the Netherlands 
(Winkelman 1992, Krijgsveld et al. 2011). The use of avoidance rates in excess of 0.98 in a number of 
recent environmental statements may reflect an increasing concern amongst developers that the 
SNH guidance is overly precautionary and posing an unnecessary risk to the consenting process. 
Many of the early developments were relatively small scale and consequently, collision risk 
estimates, even with an avoidance rate of 0.95, were extremely low. However, the scale of many of 
the developments proposed more recently is significantly greater, with commensurate increases in 
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estimated collision rates. Consequently, it is important the subsequent review of avoidance rates 
can clarify the situation for developers and SNCBs alike.  
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Table 4.1 Avoidance rates considered during the collision risk modelling undertaken in assessments for proposed offshore windfarms and the 
justification for their use. All avoidance rates were used in conjunction with the basic (option 1) Band model and were taken from the final 
submitted environmental statements.  


 
Offshore windfarm Year Avoidance rate(s) used Species considered Justification 


Kentish Flats 2002 0.9998  Red-throated diver  Collision rate of 0.02% presented in 
Winkelman (1992) 


Burbo Bank 2002 No Collision Risk Modelling Red-throated diver, common scoter, 
common tern, wader sp., great 
cormorant, red-breasted merganser, 
little gull, common guillemot/razorbill 


Sensitive species  flew below rotor height 
and, therefore, were not at risk of collision 


North Hoyle 2002 No Collision Risk Modelling Red-throated diver, great cormorant, 
common scoter, tern sp., European 
shag, common guillemot, razorbill 


Sensitive species  flew below rotor height 
and, therefore, were not at risk of collision 


Teesside 2004 0.9962 for all species Red-throated diver, northern gannet, 
great cormorant , waders, Arctic skua, 
herring gull, great black-backed gull, 
black-legged kittiwake, Sandwich tern, 
common tern, common guillemot, 
geese sp. 


Based on calculations from Blyth Harbour 
(citing Still et al. 1996, Painter et al. 1999) 


Beatrice Demonstration Site 2005 0.95 for all species Black-legged kittiwake, great black-
backed gull, northern fulmar, northern 
gannet, auk spp, herring gull, tern spp  


Follows SNH guidance from 2005 (SNH 
2010) and is acknowledged as a 
conservative value. 


Thanet 2005 0.99 for all species Red-throated diver, northern fulmar, 
northern gannet, common tern, 
Sandwich tern, black-legged kittiwake, 
common gull, herring gull, lesser 
black-backed gull, gull spp, auk spp  


In line with previously published estimates 
of avoidance (Percival 1998, Everaert et al. 


2002, Henderson et al. 1996, Winkelman 
1992, Winkelman 1990, Percival 2001, Still 
et al. 1996) 


London Array 2005 0.995 and 0.999 for gull 
spp, tern spp  and Northern 
gannet, and 0.99 and 0.995 
for diver sp. 


Red-throated diver, black-throated 
diver, herring gull, lesser black-backed 
gull, great black-backed gull, common 
tern, northern gannet, Sandwich tern 


Based on vulnerability to collision as 
assessed by Garthe & Hüppop (2004) and 
observed collision rates for gulls and terns 
presented by Everaert (2003) 
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Offshore windfarm Year Avoidance rate(s) used Species considered Justification 


Greater Gabbard 2005 High (0.9999), Medium 
(0.9982) and Low (0.87) for 
all species 


Red-throated diver, lesser black-
backed gull, great skua 


High and Medium rates calculated from 
data presented in Winkelman (1992) based 
on total collisions numbers for gulls (High) 
and nocturnal collisions for gulls (Medium), 
Low avoidance rate derived from lowest 
reported avoidance rate of 0.87 found in 
American Kestrel and considered highly 
unrealistic 


Gwynt Y Mor 2005 No Collision Risk Modelling Diver sp., northern fulmar, Manx 
shearwater, Leach’s petrel, northern 
gannet, common scoter, small skua 
spp, great skua, black-legged 
kittiwake, Sandwich tern, ‘comic’ tern, 
common guillemot/razorbill 


Sensitive species  flew below rotor height 
and, therefore, were not at risk of collision 


Sheringham Shoal 2006 0.98 for all species Sandwich tern, common tern, 
northern gannet, little gull, lesser 
black-backed gull 


SNH guidance from 2005 (SNH 2010) 
guidance felt to be over-precautionary 


West of Duddon Sands 2006 0.999  Lesser black-backed gull Based on vulnerability to collision as 
assessed by Garthe & Hüppop (2004) and 
observed collision rates for gulls presented 
by Everaert (2003) 


Humber Gateway 2007 0.95 for all species Red-throated diver, northern gannet, 
great skua, Arctic skua, little gull, 
black-headed gull, common gull, 
black-legged kittiwake, herring gull, 
great black-backed gull, lesser black-
backed gull, Sandwich tern, common 
tern, Arctic tern 


Follows SNH guidance from 2005 (SNH 
2010) and is acknowledged as a 
conservative value 


Lincs 2007 0.95 for all species Pink-footed goose, red-throated diver, 
northern gannet, little gull, common 
gull, lesser black-backed gull, common 
tern, Common guillemot 


Follows SNH guidance from 2005 (SNH 
2010) and is acknowledged as a 
conservative value 
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Offshore windfarm Year Avoidance rate(s) used Species considered Justification 


Westernmost rough 2009 0.95 for all species Northern gannet, black-legged 
kittiwake, common gull, lesser black-
backed gull, herring gull, great black-
backed Gull, common tern 


Follows SNH guidance from 2005 (SNH 
2010) and is acknowledged as a 
conservative value 


Race Bank 2009 0.996 for Sandwich tern, 
0.95 for all other species 


Sandwich tern, common tern, 
northern fulmar, little Gull, northern 
gannet, lesser black-backed gull, 
black-legged kittiwake, common 
guillemot, razorbill 


Sandwich tern avoidance rate based on data 
from Zeebrugge, SNH guidance from 2005 
(SNH 2010) for other species, but also 
discussion as to whether higher avoidance 
rates may be appropriate in some cases 
(Gannet and Lesser Black-Backed Gull) 


Dudgeon 2009 0.996 for Sandwich Tern, 
0.99 for lesser black-
backed gull, 0.97 Northern 
gannet 


Sandwich tern, lesser black-backed 
gull, northern gannet 


Evidence presented in Everaert & Stienen 
(2006) & Everaert (2008) for Sandwich Tern 
and recommendations in Maclean et al. 


(2009) for Gannet and Lesser Black-backed 
Gull 


LID6 2010 0.95 for all species Black-throated diver, great northern 
diver, northern gannet, dark-bellied 
brent goose, little gull 


Follows SNH guidance from 2005 (SNH 
2010) and is acknowledged as a 
conservative value 


Triton Knoll 2011 0.98 for all species Northern fulmar, little gull, black-
legged kittiwake, Sandwich tern, 
northern gannet, common guillemot, 
Arctic skua, lesser black-backed gull, 
great black-backed gull, common tern 


Follows SNH guidance from 2005 (SNH 
2010) guidance 


Galloper Offshore 
Windfarm 


2011 0.99 for gulls, 0.98 for 
other species 


Red-throated diver, northern gannet, 
Arctic skua, great skua, common gull, 
lesser black-backed gull, herring gull, 
great black-backed gull, black-legged 
kittiwake 


Evidence from ‘vantage point surveys’ for 
gulls, follows SNH (2010) guidance for all 
other species 
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Offshore windfarm Year Avoidance rate(s) used Species considered Justification 


Rampion 2011 0.995 for Northern gannet, 
Gulls sp. , skuas spp  and 
Auks, 0.99 for terns sp. and 
waterbirds 


Brent goose, common scoter, 
northern gannet, bar-tailed godwit, 
Eurasian curlew, great skua, 
Mediterranean gull, common gull, 
lesser black-backed gull, herring gull, 
great black-backed gull, black-legged 
kittiwake, Sandwich tern, common 
guillemot, barn swallow, meadow 
pipit 


Follows Maclean et al. (2009) 
 


Aberdeen Offshore 
Windfarm 


2012 0.98 for all species Common guillemot, razorbill, Atlantic 
puffin, northern fulmar, common tern, 
Sandwich tern, herring gull, black-
legged kittiwake, great black-backed 
gull, common gull, common scoter, 
common eider, European shag, great 
cormorant, northern gannet, red-
throated diver, Arctic skua 


Follows SNH (2010) guidance 


Blyth Offshore 
Demonstration Project 


2012 0.98 for all species Northern gannet, common gull, 
herring gull, great black-backed gull, 
little gull, black-legged kittiwake, 
common tern 


Follows SNH (2010) guidance 


Hornsea Project One 2012 0.98 for all species Northern fulmar, northern  gannet, 
black-legged kittiwake, little gull, 
common gull, great black-backed gull, 
lesser black-backed gull, herring gull, 
common tern, Arctic tern,  common 
guillemot, razorbill, Arctic skua, great 
skua 


Follows SNH (2010) guidance 
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Offshore windfarm Year Avoidance rate(s) used Species considered Justification 


Irish Sea 2012 0.98 for all species Manx shearwater, great black-backed 
gull, lesser black-backed gull, herring 
gull, black-legged kittiwake, northern 
gannet, Greenland white-fronted 
goose 


Follows SNH (2010) guidance 


East Anglia One 2012 0.98 for all species Fulmar, northern  gannet, black-
legged kittiwake, common gull, lesser 
black-backed gull, Herring gull, great 
black-backed gull 


Follows SNH (2010) guidance 


Firth of Forth Alpha and 
Bravo 


2012 0.98 for all species Northern gannet, black-legged 
kittiwake, lesser black-backed gull, 
herring gull, great black-backed gull 


Follows SNH (2010) guidance 


Beatrice Offshore Windfarm 2012 0.99 for all species Arctic skua, Arctic tern, northern 
fulmar, great black-backed gull, 
northern gannet, herring gull, black-
legged kittiwake, great skua, common 
guillemot, razorbill 


Review of micro-and macro-avoidance rates 
and criticism of the transferability of 
avoidance rates between onshore and 
offshore windfarms in MacArthur Green 
(2012) 


Dogger Bank Creyke Beck A 
and B 


2012 0.99 for Northern gannet, 
0.98 for all other species 


Northern fulmar, northern gannet, 
great skua, Arctic skua, black-legged 
kittiwake, lesser black-backed gull, 
great black-backed gull, common 
guillemot, razorbill, little auk, Atlantic 
puffin 


Evidence from Egmond aan Zee(Krijgsveld et 


al. 2011) and elsewhere supporting 0.99 for 
Gannet and following SNH (2010) guidance 
for all other species 


Moray Firth Offshore 
Windfarm 


2012 0.995 for Northern gannet, 
0.985 for lesser black-
backed gull, 0.99 for black-
legged kittiwake 


Northern Gannet, black-legged 
kittiwake, herring gull, great black-
backed gull 


Consideration of micro-and macro-
avoidance rates presented for Dutch and 
Belgian windfarms (Everaert 2008, 
Krijgsveld et al. 2011) 
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Offshore windfarm Year Avoidance rate(s) used Species considered Justification 


Nearth na Gaoithe 2012 0.998 for Northern gannet, 
0.995 for gulls sp., 0.98 for 
Arctic tern 


Northern gannet, little gull, lesser 
black-backed gull, herring gull, great 
black-backed gull, black-legged 
kittiwake, Arctic tern 


High macro-avoidance rates for gannets 
presented in Leopold et al. (2011) suggest 
that avoidance rates presented in both SNH 
(2010) guidance and MacLean et al. (2009) 
are likely to be over precautionary for 
gannet. Tern and gull avoidance rates follow 
Maclean et al. (2009) 


Bligh Bank Windfarm 
(Belgium) 


2013 0.976 micro-avoidance rate 
for all species 


Common gull, lesser black-backed gull, 
herring gull, great black-backed gull, 
black-legged kittiwake 


Based on rates estimated at Egmond aan 
Zee by Krijgsveld et al. (2011) 


Walney Extension Offshore 
Windfarm 


2013 0.98 for all species Whooper swan, pink-footed goose, 
lesser black-backed gull 


Follows SNH (2010) guidance 


Burbo Bank Extension 2013 0.98 for all species Red-throated diver, Manx shearwater, 
common scoter, little Gull, black-
headed gull, herring gull, lesser black-
backed gull, common tern, Arctic tern, 
Sandwich tern, great cormorant, 
northern gannet, Arctic Skua, great 
skua, black-legged kittiwake 


Follows SNH (2010) guidance 


Atlantic Array 2013 0.98 for all species Manx shearwater, northern gannet, 
lack-legged kittiwake, lesser black-
backed gull, herring gull, great black-
backed gull, common guillemot 


Follows SNH (2010) guidance 


Inch Cape 2013 0.99 for Northern gannet, 
0.98 for all other species 


Northern gannet, Arctic skua, 
pomarine skua, great skua, black-
legged kittiwake, great black-backed 
gull, herring gull 


Evidence presented from Egmond aan Zee 
to justify 0.99 for gannet, follows SNH 
(2010) guidance for all other species 
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5. REVIEW OF PUBLISHED EVIDENCE FOR AVOIDANCE RATES OF MARINE BIRDS 


 
This section provides a review of published evidence for macro-response (section 5.1), meso-
response alone (section 5.2), micro-avoidance alone (section 5.3) and overall within-windfarm 
avoidance (i.e. combined micro-/meso-avoidance; section 5.4). For macro response rates (section 
5.1) we consider data collected from the offshore environment only. The more limited evidence base 
for meso-response and micro-avoidance rates (sections 5.2 and 5.3) meant that it was necessary to 
include some evidence from the onshore environment. The difficulties in obtaining estimates of 
collision rates in the offshore environment mean that the majority of the evidence that relates to 
within-windfarm avoidance rates (section 5.4) originates from the terrestrial environment. 
 
5.1 Review of Published Evidence for Macro-response Rates of Marine Birds 


  


Here we consider macro-responses as including: (i) barrier effects for migrating birds or those 
commuting between breeding colonies and foraging areas; (ii) displacement effects from the 
windfarm area leading to an effective loss of habitat; and (iii) attraction. Each of these responses 
may result in a change in the numbers of birds in flight present within the perimeter of the windfarm 
between the pre- and post-construction periods. As collision risk modelling is usually based on the 
number of birds present during the pre-construction period, these changes must be accounted for as 
part of the collision risk modelling process. All of the studies we consider in this section originate 
from the offshore environment.  
 
5.1.1 Causes of barrier, displacement and attraction effects 


 
The term barrier effects describes the behavioural response of flying birds to the presence of the 
windfarm. The windfarm acts as a physical barrier, impeding the most direct route to a bird’s 
destination, necessitating a change in flight direction in order to avoid entering the windfarm. This 
will ultimately reduce the numbers of birds recorded in flight within the windfarm area. 
 
The effects of displacement are harder to classify since the habitat within the area of the windfarm 
may have been used by birds for a variety of purposes, notably foraging, but potentially other 
essential maintenance behaviours, such as moulting, preening or forming rafts. The availability of 
alternative foraging habitat may be more restricted, however, and hence for the purpose of this 
review we consider displacement as the inability of a bird to forage in a particular area due to the 
presence of the turbines. This may be manifested as a reduction in the number of birds flying into 
the area of the windfarm to look for food but this does not necessarily mean that birds will no longer 
enter the windfarm. It is possible, for example, that some species may land outside the windfarm 
and swim into the windfarm area. Studies of displacement, however, have tended to report the 
changes in all observed birds within the windfarm’s perimeter relative to the areas outside and have 
not differentiated between the numbers flying and those recorded on the water. To better inform 
both studies of displacement and macro-avoidance, it would be prudent in future studies to 
separate flying birds from birds on the water when reporting displacement rates. Another important 
consideration relates to the flight height information that may be collected during surveys. This is 
primarily used to inform collision risk, but could potentially be used to inform on the vertical 
avoidance of birds over or under the rotor swept area.  
 
 
Attraction is defined as an increase in numbers of birds within the windfarm area post-construction 
and can arise though several means. The monopiles of the turbine can act as a useful platform for 
birds to dry their feathers, rest, and socialise (e.g. great cormorant, Lindeboom et al. 2011). There is 
also evidence that structure of the turbines may also provide feeding opportunities through changes 
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in local hydrography, seabed morphology or by act acting as an artificial reef (Inger et al. 2009, 
Wilson & Elliot 2009, Maar et al. 2009, Lindeboom et al. 2011). Whilst there is the potential for 
collision risk to increase, as a result of attraction into the windfarm area, this will only occur if birds  
utilise the space covered by the rotor swept area.   
 
5.1.2 Overall approach to assessing evidence for barrier, displacement and attraction effects 


 
In reality, the ability to differentiate between birds exhibiting barrier and displacement effects may 
not always be possible since both are manifested as a decrease in the numbers of birds within the 
windfarm area (as defined both horizontally and vertically). For the purpose of this review, however, 
we will critique studies carried out at windfarms according to the type of effect they were designed 
to look at. For each example we present the relevant methods, key results and an overall 
assessment of the appropriateness of their use in looking at the effect they were designed to 
measure. Although our brief was to examine the evidence for five key species being considered in 
this review, we have also included several examples which have been cited as providing supporting 
evidence of macro-avoidance for seabirds in general (e.g. Desholm & Kahlert 2006 study on common 
eider and geese spp). We have not included studies carried out solely on migrating terrestrial 
species, e.g. such as pink-footed geese at Lynn and Inner Downing windfarm (Plonczkier & Simms 
2012). 
 
5.1.3 Studies of barrier effects  


 


5.1.3.1 Methodologies used to look at barrier effects 


 


Barrier effects have been measured mostly using (horizontal) radar and/or visual observations from 
fixed observation points (see Table 5.1 for summary). Radar technology has been used to measure 
barrier effects directly by quantifying the percentage of bird tracks that are deflected away from the 
windfarm, and also to look at the distance at which the deflection occurs (e.g. Peterson et al. 2006). 
However, due to technological constraints of horizontal radar (see below), this has been limited to 
quantifying horizontal macro-responses only.   Radar has also been used to look at barrier effects 
indirectly by comparing the number of flight paths (tracks) inside and outside the windfarms (e.g. 
Krijgsveld et al. 2011), to look at the densities of tracks in relation to distance from the windfarm 
(e.g. Skov et al. 2012) or to look at percentages of flight paths flying towards, away from and parallel 
to the windfarm (Blew et al. 2008). Such indirect measures may not necessarily be able to 
differentiate between barrier and displacement effects however. Visual observations, whilst also 
critical for the validation of the results of the radar, in terms of providing species identification and 
relative abundance, have also been used independently to compare numbers of birds in flight inside 
and outside the windfarm (e.g. Krijgsveld et al. 2011) although again, these methods may not 
necessarily preclude the possibility of inadvertently measuring displacement effects. Emerging 
technology in the form of laser range finders has also recently been used (e.g. Skov et al. 2012), and 
there may be scope to apply this approach in the context of barrier effects. There have been 
examples, notably in the UK, where data collected from boat based surveys have been used to look 
at barrier effects but this methodology is not considered to adequately provide the quantification 
needed here (MMO 2014).  
 
There are number of limitations associated with the use of radar (for further discussion see 
Krijgsveld et al. 2011 and Peterson et al. 2006) in terms of deriving avoidance rates: (i) Identification 
to the species level is not possible without visual validation and even then this information is 
generally only available as the species composition of birds passing through in a comparable time 
period – hence the values cited may be considered relevant only to the most commonly recorded 
birds species; (ii) There can be problems with distinguishing between flocks or individual birds – 
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tracks recorded by radar may therefore not necessarily correspond to individual birds and 
corresponding avoidance rates could be more representative for flocks (which are likely to vary in 
size); (iii) Detection issues exist with picking up individual birds or flocks of small birds; (iv) Detection 
of birds can be affected by environmental conditions such as wave height and rain; (v) Seabirds such 
as the northern gannet, tubenose spp, sea duck spp and alcid spp tend to fly in the troughs between 
waves (as a means of flying in the most energetically efficient manner). In conditions where the 
wave height is sufficiently high, the total number of these birds is likely to be underestimated; (vi) 
The relative orientation of the radar beam to the flight direction of the birds can also affect 
detection (flying head on into the beam is the best) – this can present challenges when considering 
the optimum position for the radar; (vii) Whilst the range of detection for radar exceeds that of 
visual observations, there is a risk that birds could start to change their flight orientation beyond the 
range of the radar which result in birds not being detected at all and hence the relative contribution 
of barrier effects to macro-responses is underestimated; (viii) Detection rates have been shown to 
be lower inside the windfarm due to interference caused by the presence of the windfarms (this is 
covered more extensively under the site accounts). Another considerable limitation of radar is that 
horizontal radar can only be used to record horizontal displacement (sometimes referred to as 
lateral displacement) as no information on altitude is collected. It is possible, therefore, that birds 
may fly over the windfarm at altitudes higher than the rotor swept area but this would not be picked 
up as avoidance behaviour (Blew et al. 2008). In contrast, vertical radar can only be used to 
determine flight height (altitude) and densities of birds in passage (flux) directly above the radar 
itself and provides insufficient information either on horizontal change or vertical avoidance that 
takes place outwith the windfarm perimeter. Radar  has been useful, however, in demonstrating the 
importance of time of day (day versus night time), wind direction (head versus tail wind), season 
(spring versus autumn) for avoidance rates (e.g. Peterson et al. 2006 and Krijgsveld et al. 2011). 
 
In terms of data collection issues for visual observations, there are also limitations when compared 
to radar: (i) Sampling is limited to daylight with reasonably calm conditions and good visibility. 
Although, under some circumstance, observations at night (e.g. moon watching) or auditory 
observations (based on bird calls) have been used, these have limited use; (ii) The range of detection 
is smaller; (iii) Individual observers may differ in assessing the distance and altitudes of birds, 
although there may be scope to reduce such differences through calibration with other techniques ( 
Mateos et al. 2010; Norman et al. 2005). 
 
5.1.3.2 Results of studies on barriers effects 


 
Overall there is very little species-specific evidence for the five priority species for macro-avoidance 
as consequence of barrier effects (see Appendix 1 for detailed site accounts) as radar was the most 
commonly used method. Of the studies reviewed all but one study looked at barrier effects during 
the post-construction period only – the exception being Nysted (Desholm & Kahlert 2005; Peterson 
et al. 2006) which also looked at the pre-construction period. Arguably comparison of the pre- and 
post-construction periods provides the most robust evidence for barrier effects rather than 
focussing solely on the post-construction period. Avoidance rates were only derived for three 
windfarms (see Table 5.1): (i) Egmond aan Zee (Krijgsveld et al. 2011); (ii) Nysted (Desholm & Kahlert 
2005; Peterson et al. 2006); and Horns Rev (Peterson et al. 2006). The latter two are not considered 
further here since the derived values are likely only to be relevant to common eider (and geese) and 
common scoter respectively. Whilst there has been some additional work carried out at the Alpha 
Ventus test site to look at barrier effects (BSH 2011 and Mendel et al. 2014), the data have not been 
presented in such a way that would allow the derivation of a macro-avoidance rate and are hence 
not considered further here. 
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The only study which has specifically looked at barrier effects for northern gannet was that of 
Krijgsveld et al. (2011) at Egmond aan Zee which derived a macro-avoidance rate of 0.64. This was 
derived from indirect measure of barrier effects using visual observations made during panoramic 
scans to calculate the number of birds in flight within, at the edge and outside the windfarm (and by 
using a factor to correct for relative surface area – see Appendix 1, section A1.1). It is therefore not 
possible to discount the possibility that the apparent decreases within the windfarm could have 
included displacement due to the methodology used. These data were based on a total of 405 
panoramic scans from spring 2007 to the end of 2009 (see Table 4.2 Krijgsveld et al. 2011) with 
particular emphasis on the spring and autumn periods as a total of 140 and 121 scans were carried 
out respectively compared to 71 and 73 scans in the summer and winter respectively. Overall, the 
samples sizes of the numbers of flying birds observed for northern gannet and common scoter were 
282 and 123, although these figures were not broken down on a seasonal basis. However, it is also 
worth highlighting that northern gannets’ use of the area – based on the density of flying birds – was 
highest during the spring, autumn and winter with an order of magnitude less use during the 
summer (mean density or numbers of birds per km2 per scan for the periods of spring, summer, 
autumn and winter were 0.03, <0.005, 0.05 and 0.02 respectively – see Table 8.3 Krijgsveld et al. 
2011). The extent to which the derived macro-avoidance rate is representative of breeding birds is 
thus questionable due to the relatively low use of the Egmond aan Zee site at this time and the 
lower sampling frequency). Therefore until such time that data are collected on northern gannet 
flights around OWFs specifically during breeding, this value should be applied with caution when 
considering the breeding season.  It is also worth noting that Krijgsveld et al. (2011) reported a 
deflection rate of 0.89 for northern gannet  based on the assessment of visual observations of flight 
paths. However, this result was based on a sample size of 38 birds and these observations were not 
based on systematic recording methods (c.f. the panoramic scans, which were based on strict 
protocols and recorded all birds seen). Consequently the authors do not recommend that these 
values be used as macro-avoidance rates (Karen Krijgsveld pers. comm.).  Note, however, that these 
deflection rates have been cited as evidence for macro-avoidance rates by industry (e.g. Natural 
Power 2013). 
 
There are no species-specific macro-avoidance rates, relating to barrier effects, for any of the four 
priority gull species of this review. Arguably, the most relevant study is that of Krijgsveld et al. (2011) 
which derived a value macro-avoidance rate of 0.18 for the generic group of gull spp. These data 
were based on the indirect measure of barrier effects of the relative percentage of tracks that were 
outside the windfarm in winter. This was justified on the grounds that the species composition of 
bird tracks was heavily dominated by gulls spp (and great cormorants) at that time of year. A 
deflection rate of 0.4 was reported  (based on the flight paths for 78 birds recorded as gull spp) but, 
as before, this value is not derived from systematic recording methods and the authors do not 
recommend this as evidence as macro-avoidance. 
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Table 5.1  Summary of key studies of barrier effects, the stage of data collection, methods used, parameters measured and species or species groups 
reported). Italics indicates species for which values were based on averages of other species (see Appendix 1 for site accounts) 


 
Windfarm 


site 


Study Stage of data 


collection 


Method used/parameter measured 


 


Species/spp groups (values of 


macro-avoidance are given in 


parentheses where available) 


Time of year 


data collected 


Egmond 
aan Zee 
 


Krijgsveld 
et al. 
(2011) 


Post-
construction 


Radar /Numbers of tracks inside and outside the windfarm 
 
 
 
 
 
Visual observations /Numbers of birds inside and outside the 
windfarm 


 
 


Gull spp (0.18) 


Grebe spp (0.28) 


Tubenoses spp (0.28) 


Skua spp (0.28) 


Tern spp (0.28) 


 


Northern gannet (0.64)   


Seaducks/scoter (0.71) 


Diver spp (0.68) 


Alcid spp (0.68) 


Winter 
All year 
All year 
All year 
All year 
 
All year 
All year 
All year 
All year 


Horns Rev 
I 


Peterson et 


al. (2006) 
Post-
construction 


Radar /The percentage of tracks that were considered to have a 
theoretical chance of entering the windfarm. 
 
Radar / The distance at which deflection occurs  


Common scoter (range 0.71-0.86 
based on inter-annual variation 
and the direction at which birds 
approach the windfarm)  


Spring/autumn 
combined 


Horns Rev 
I 


Blew et al. 
(2008) 


Post-
construction 


Radar - Orientation of tracks in relation to the windfarm (% flying 
towards, away or parallel to the windfarm) 


All birds Spring/autumn 
combined 


Horns Rev 
I and II 


Skov et al. 
(2012) 


Post-
construction 


Radar / Densities of tracks in relation to the radar station and 
windfarm  
 
Laser range finders / The distance at which deflection occurs (based 
on peak densities of radar tracks) 


Common scoter and all birds  Spring/autumn 
combined 


Nysted Peterson et 


al. (2006)  
 
Desholm & 
Kahlert 
(2005) 


Pre- and post-
construction 


Radar / The percentage of tracks that were considered to have a 
theoretical chance of entering the windfarm. 
 
Radar / The distance at which deflection occurs  


Common eider and geese spp 
(0.78 – inter-annual variation 
0.63-0.83) 


Autumn 


Nysted Blew et al. 
(2008) 


Post-
construction 


Radar / Orientation of tracks in relation to the windfarm (% flying 
towards, away or parallel to the windfarm) 


All birds Spring/autumn 
combined 
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5.1.4 Studies of displacement/attraction 


 


5.1.4.1 Methodologies (and survey design) used to look at displacement/attraction 


 
Data used to look at displacement effects have tended to be derived from boat and/or visual aerial 
surveys. Whilst industry guidance (Camphuysen et al. 2004) tends to be cited as the basis of the 
methodologies used, the extent to which guidelines are followed may be unclear (Maclean et al. 
2009). Although digital aerial surveys are becoming more commonly used by the offshore windfarm 
industry (MMO 2014, Mackenzie et al. 2013), there appears to be a lack of sites where this 
technology has been used during all phases of the development. Further consideration of the 
advantages and disadvantages of these methodologies are given in Mackenzie et al. (2013). 
Additional to these, and of relevance to the assessment of displacement, there are concerns that 
boat surveys may overlook birds flying at higher altitudes and that might, therefore, fly over 
windfarms (Hartman et al. 2012).  As is true for most of the studies designed to target barrier effects 
which may not necessarily exclude displacements effects, the same is true for the reverse situation.  
 
Studies of displacement effects carried out at offshore windfarm sites within the UK have largely 
been based on the Before and After Control Impact (BACI) design which was viewed as being best 
practice at the time these sites were being set up (based on Stewart-Oaten et al. 1986). The extent 
to which this approach has been successfully implemented has been hampered by inadequate 
survey design including: (i) Location of the reference site often situated immediately adjacent to the 
impact site of the windfarm area – thus any changes as result of the windfarm may be over- 
estimated e.g. displaced birds could move into the adjacent area resulting in higher numbers 
recorded than during the pre-construction period; (ii) Insufficient spatial coverage e.g. boat surveys 
often only covered the windfarm area and a buffer, hence any possible changes that may have 
occurred in the wider environment cannot be taken account of; (iii) Gaps in temporal coverage e.g. 
survey periods between the different phases of the development did not always correspond or 
visual aerial surveys having to be abandoned following construction of the windfarm, due to Civil 
Aviation Authority flight height restrictions; (iv) The ability to select of control sites which are truly 
comparable to the area impacted by the windfarm area (e.g. in terms of hydrography, seabird 
populations) has been questioned. For further consideration of these issues see MMO (2014).  
 
A further limitation of displacement studies in their survey design is that little consideration is 
usually given to the power to detect change, which is related to a number of factors including the 
frequency of surveys and their relative spatial and temporal coverage (Maclean et al. 2013; 
Vanermen et al. 2012; Pérez Lapeña et al. 2010). The distribution and relative abundance of seabirds 
show high levels of both spatial and temporal variability within and between years. Therefore the 
use of power analyses, particularly at the start of any offshore windfarm development, can be 
extremely helpful in determining the most appropriate survey design in order to be able to 
adequately test for whether a windfarm impacts birds through either displacement or attraction 
effects.   
 
There is also the problem that the post-construction reports, notably those leading up to the final 
report, have tended not to provide formal statistical analyses and any assessments of changes in 
species abundance are often based on simple comparisons of changes in absolute numbers or are 
qualitative (e.g. visual inspection of maps: MMO 2014). Even in instances where the significance of 
change has been looked at, the focus has been on measuring differences in numbers or densities 
between the pre-construction and post construction periods and any changes in distribution within 
the study area may go undetected (MacKenzie et al. 2013). Recently, there have been developments 
in model-based approaches such as density surface modelling (Rexstad 2011) which allow the 
inclusion of covariates (e.g. environmental such as water depth, sea surface temperature) which can 
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help better explain inherent spatial and temporal variability in the abundance and distribution of 
animal populations. The resulting distribution maps of relative abundance provide a more robust 
means of assessing whether changes have occurred as a result of the presence of an offshore 
windfarm. There also appears to also a shift away from using BACI survey design for looking at 
displacement, with a Before-After-Gradient approach being recommended (MMO 2014, Jackson & 
Whitfield 2011), and this is highly compatible with density surface modelling approaches.  
 
It is also important to highlight that displacement studies to date have tended to focus on comparing 
numbers or densities of birds pre-construction and post-construction which, in general, do not 
distinguish between birds in flight and birds on the water (the former group being more likely to 
show displacement). Despite ship-based data collection methods being distinct for birds on the 
water and birds in flight, counts are generally combined and for most studies presented below are 
not considered separately. Similarly, whilst visual aerial surveys do differentiate between birds on 
the water and those in flight, estimates are usually collated.  
 


5.1.4.2 Results of studies on displacement/attraction 
 


Of the studies considered, comparisons of pre -and post construction surveys were carried out in all 
cases with the exception of Egmond aan Zee (Leopold et al. 2011), where it was argued that this was 
not possible due to considerable annual variation in seabird presence (Appendix 2, section A2.1). 
Instead analysis of the effect of the windfarm was carried out based on individual surveys (e.g. 
species monthly counts which were converted into presence/absence data) for which there were 
sufficient data and the results should therefore be considered with caution (see Table 5.2).  
 
It was only possible to calculate actual values of macro-avoidance for a single study carried out at 
the Blighbank and Thorntonbank windfarms for which the model co-efficients generated from the 
Generalised Linear Models were provided (Vanermen et al. 2013). Results for Thorntonbank are not 
considered here, however, as they relate either to the first post-construction phase when only six 
turbines were operational or during the second phase of construction which was still ongoing at the 
time of reporting. Other studies have reported evidence for displacement or attraction based on the 
results of Jacob’s selectivity indices  (Nysted and Horns Rev - Peterson et al. 2006) or density surface 
maps of the predicted distribution over the different phases of the development (Robin Rigg – 
Natural Power 2014).  
 
For northern gannet there was strong evidence for displacement effects at Blighbank based on 
comparisons of pre- and post-construction data. From this study, therefore, it was possible to derive 
a macro-avoidance rate of 0.84 for northern gannet. Currently the vast majority of monitoring tends 
not to present a seasonal breakdown of displacement (macro-avoidance) values and this report does 
not differ in that respect. However, there is notable variation in the seasonal use of the windfarm 
and the surrounding area (termed the BPNS) by the northern gannet – mean numbers across the 
period of 2001-2007 in winter and autumn were 1,799 and 4,990  respectively compared to spring 
and summer at 737 and 556 respectively (see Table 2 in Vanermen et al. 2013). Therefore, as for 
barrier effects, the extent to which these data are representative of northern gannet during the 
breeding season is debateable. It is also worth reflecting that further monitoring work has been 
carried since the publication of Vanermen et al. (2013) and that these results should be considered 
as being provisional (Nicholas Vanermen pers. comm.). Potential corroboration that northern 
gannets are displaced by windfarms is also provided by results from Egmond aan Zee (Leopold et al. 
2011) where it was shown that the presence of northern gannets was significantly negatively related 
to the presence of the windfarm in two of nine monthly post-construction surveys (no other 
significant effects were reported for the other seven surveys). However the strength of this evidence 
is relatively weak as the analyses were based on within survey (monthly) comparisons – a 
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comparison of pre- and post-construction data was not considered feasible (see Appendix 2 – A2.1 
for further details.  The study at Robin Rigg found no response from northern gannet to the 
windfarm which tend to use the site mainly during the breeding season, though the pre-and post-
construction densities were generally rather low e.g. across the entire study within which the 
windfarm is located, a total of 352 birds were recorded in flight for the entire pre-construction 
period compared to 397 in the post construction period (up to and including year 3 -see Table 3.22 
in Natural Power 2014). Similarly at Horns Rev, there were never any birds recorded within the 
windfarm itself either pre- or post-construction (although an increased avoidance was reported for 
both the 2 km and 4 km buffers post-construction based on Jacobs’s selectivity indices).  More 
recent work carried out at Alpha Ventus was inconclusive as the overall abundance of northern 
gannet was very low e.g. a total of nine individuals were seen in the pre-construction period (BSH 
2011 and Mendel et al. 2014).  
 
Lesser black-backed gull was only considered by three of the studies reported in Table 5.2. There 
was strong evidence of very high levels of attraction at Blighbank (Vanermen et al. 2013) – with 
relative increases in numbers at the windfarm provisionally estimated in the order of 3.81 (see 
Appendix 2, section A2.3 for further details). Far weaker evidence to support lesser black-backed 
gulls being attracted to windfarms was provided from Egmond aan Zee (Leopold et al. 2011) where 
the presence of lesser black-backed gulls was significantly negatively related to the presence of the 
windfarm in at least one out of 12 possible monthly post-construction surveys. However, despite the 
results being suggestive of displacement, it was concluded by the authors that, given the strong 
association shown by lesser black-backed gulls to fishing vessels (based on anecdotal observations 
during the surveys) attraction to the windfarm was apparently being masked by their strong 
association with boats  which were excluded from the windfarm in the post-construction period. 
Completely contradictory results were derived for Alpha Ventus where comparison of the 
distribution of birds pre- and post-construction showed a marked decrease in densities (based on 
maps of 1 km2 cells) and statistically significantly lower abundances were reported for the 0-2 km, 2-
6 km and 6-10 km distance classes from the windfarm (BSH 2011 and Mendel et al. 2014). There is 
also no consistent pattern in the studies summarised in Table 5.2 for either displacement or 
attraction being shown by herring gulls, great black-backed gulls and black-legged kittiwake (Table 
5.2).   
 
Furness et al. (2013) developed a scoring system to quantify the vulnerability of marine bird 
population to offshore windfarms with respect to collision and disturbance/displacement. Northern 
gannet, lesser black-backed gull, herring gull, great black-backed gull, and black-legged kittiwake all 
scored very highly with respect to collision risk (within the top seven of all the species considered) 
and this was largely a result of time spent flying at rotor height (other parameters considered 
included flight agility, % of time flying, night flight and an overall conservation score). In contrast, 
with respect to displacement, all five species scored very low (species concern index values were no 
more than 6 compared to the highest value of 32). This was a result of the species being little 
affected by the disturbance effects associated with ships/helicopters and not being particularly 
constrained by foraging habitat (the same overall conservation score used for collision risk was also 
used with respect to displacement). Given this, it is therefore unsurprising that the majority of 
priority gull species appeared to show no consistent pattern for displacement.  
 
5.1.5 Evidence for an overall macro-response rate 


 


In terms of assessing whether changes in numbers (e.g. from the pre-construction to post-
construction periods) are statistically significant, this is has only been possible for displacement 
/attraction studies and not for barrier studies. The notable exception to this is the work carried out 
at Nysted windfarm (Desholm & Kahlert 2005; Peterson et al. 2006) where it was possible to record 
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the number of flight paths that changed their direction by comparison of the pre-and post- 
construction periods.  
 


There are also considerable issues in how data are collected in terms of differentiating between 
barrier and displacement effects. Migratory species, which have a distinct passage period during 
spring and/or autumn and do not occur in the vicinity of the windfarm outwith these periods (e.g. 
geese spp and passerine spp), are likely to experience solely barrier effects. In contrast, species 
which are resident in the vicinity of the windfarm, may be subject to a combination of barrier effects 
or displacement /attraction effects (e.g. the vast majority of seabird spp, at least in the breeding 
season). This is certainly the case for all of the five priority species being considered here and to 
date, there has not been a single study which can be considered as exclusive evidence for either 
barrier or displacement effects. 
 
It is also worth flagging up that the extent to which impacts of the windfarm actually affects bird 
populations is likely to be site specific. Therefore it would be reasonable to expect that the barrier 
effects for migrating birds are far more likely to be pronounced when offshore windfarms are 
located on major flyways. Similarly, an offshore windfarm that is located within the foraging ranges 
of breeding seabirds is more likely to be an issue in terms of barrier and displacement/attraction 
effects compared to one that is not (although the latter scenario is unlikely). Another consideration 
which has been picked up by this review occurs when the windfarm has relatively low numbers of 
certain species using the site pre-construction. This may give a misleading impression as to the 
extent of any changes pre- and post-construction. Whilst an increase or decrease in numbers 
between these periods may give the impression of a significant effect, the power to detect such a 
change is extremely low, and, as a consequence, we cannot have much confidence in these results.  
 


Another important caveat related to all studies of barrier and displacement/attraction effects, is that 
there has been very little attention given to teasing out potential variation over the annual cycle and 
only a single value of relative change between pre- and post-construction is presented. Yet there 
may be significant time and energy constraints imposed by the breeding season when birds have to 
return repeatedly to the nest whereas at other times of year they can move more freely (Stephens 
et al. 1986). In addition to this shift due to the onset of the breeding season, notable changes in 
foraging behaviour within the breeding season have also been extensively documented in seabirds 
(e.g. black-legged kittiwake trip duration typically decreases from incubation to the chick rearing 
period due to the need to feed the young frequently Hamer et al. 1993). Hence, the response of 
foraging and commuting birds to the presence of a windfarm may vary according to the stage of 
their life cycle e.g. birds which are limited in terms of time or energy may be willing to take more 
risks by entering the windfarm when otherwise they would simply avoid the area. While, due to the 
absence of evidence, any such seasonal variation in birds’ responses to the impacts of windfarms is 
hypothetical, when utilising derived macro avoidance rates, the extent to which these values are 
considered representative for all times of year should be given careful consideration, particularly if 
they contribute to the collision risk modelling. There may also be further scope in the future for 
investigating variation in macro-responses between the breeding and non-breeding seasons 
(although investigating within the breeding season differences may be more problematic).  
 


Among the priority species considered by this review, there is limited evidence, however, to suggest 
that northern gannet may show a tendency towards a negative macro–response. The study of 
barrier effects at Egmond aan Zee, Krijgsveld et al. (2011) suggests a macro-avoidance rate of 0.64, 
while the study of displacement at Blighbank, Vanermen et al. (2013) suggests a macro-avoidance 
rate of 0.84. At this stage, the lower and therefore the most conservative of these values is assumed 
to be a reasonable macro-response rate. 
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In contrast, there is a lack of species- or even species group-specific evidence for barrier effects 
relating to gulls. With respect to displacement/attraction, the evidence is equivocal, with some 
studies suggesting evidence for attraction, others evidence for displacement, and others no 
significant response. For gulls, the balance of evidence thus suggests a macro-response of 0 (i.e. no 
attraction to or avoidance of the windfarm). 
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Table 5.2  Summary of key studies of displacement and attraction studies, the stages of development at which data were collected, main methods 
used, parameters collected, species reported and responses. Grey indicates species which were not covered by that particular study. For 
further information see Appendix 2 for site accounts. 


 
 
 
Windfarm Study Survey/s 


used 
 Modelling approach Species Response (values are given in 


parentheses where available) 


Displacement Attraction None 


Blighbank Vanermen et 


al. (2013) 
Boat Generalised linear models with a 


negative binomial distribution 
with count data as the response 


Northern gannet �(0.84)1   


Lesser black-backed gull  �(-3.81)6  


Herring gull  �(-51.98)6  


Great black-backed gull   � 


Black-legged kittiwake   � 


Egmond aan 
Zee 
 


Leopold et al. 
(2011) 


Boat  Presence/absence modelling of 
individual monthly surveys 
(Generalised Additive 
Modelling)2 


Northern gannet (10/2) 2 �   


Lesser black-backed gull (12/1) 2  �   
Herring gull (14/3) 2 �   
Great black-backed gull (17/6) 2 �


4 �
5  


Black-legged kittiwake (5/1) 2  �  
Horns Rev Peterson et al. 


(2006) 
Aerial 
 


Comparison  of Jacob’s 
Selectivity Indices  
 
Encounter rates per survey km 
(students t-test)   


Northern gannet    � 


Lesser black-backed gull    
Herring gull   � 


Great black-backed gull    
Black-legged kittiwake    


Nysted Peterson et al. 
(2006) 


Aerial 
 


Comparison  of Jacob’s 
Selectivity Indices  
 
Encounter rates per survey km 
(students t-test)   


Northern gannet     


Lesser black-backed gull    
Herring gull   � 


Great black-backed gull    
Black-legged kittiwake    


Alpha 
Ventus 


BSH (2011) 
and Mendel et 


al. (2014) 


Boat and 
aerial  


Comparison of changes 
distribution patterns (1 km2) 


 


Generalised Linear Mixed 
Models with a Poisson error7  


Northern gannet   � 


Lesser black-backed gull �   
Herring gull    
Great black-backed gull    
Black-legged kittiwake �   
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Windfarm Study Survey/s 


used 
 Modelling approach Species Response (values are given in 


parentheses where available) 


Displacement Attraction None 


Robin Rigg Natural Power 
(2014) 


Boat  Generalised Additive mixed 
effects mixture modelling within 
a Bayesian framework  


Northern gannet -   � 


Lesser black-backed gull    
Herring gull �   
Great black-backed gull �


3   
Black-legged kittiwake   � 


1 See Appendix 2 for calculations 
 2 The total numbers of post-construction monthly surveys for which there were sufficient data for modelling / the number of which the results were significant 
 3 Between pre-construction and construction only 
4 Four surveys 
5 Two surveys. 
 6 negative values for attraction;  
7 lesser black-backed gull only. 
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5.2 Review of Published Evidence for Meso-Response Rates of Marine Birds 


 


5.2.1 Studies of meso-avoidance 
 
Within a windfarm, birds may respond to the presence of a turbine either by altering the altitude at 
which they fly, termed a vertical meso-response, or by altering the flight path they take, termed a 
horizontal meso-response. This is distinct from micro-avoidance, which occurs as a ‘last-second’ 
reaction to avoid collision, as meso-responses may take place at some distance from the turbines 
but still within the windfarm site.  
 
On entering a windfarm, birds may alter their horizontal flight path so that they fly around, or 
between, turbines, thereby lowering their risk of collision. Alternatively, they may make no 
response, or even be attracted to a turbine, as a potential roost or perch. In such circumstances, the 
risk of collision for each individual bird would remain the same, or increase. Such behaviours can be 
assessed by examining flight paths within the windfarm and considering whether these show a 
change in direction as they approach the turbines or considering whether birds approach turbines in 
the proportions that may be expected if they were randomly distributed within the windfarm. 
 
Birds may also alter their flight heights in response to turbines. They may alter their flight heights so 
that they fly under, or above, the turbines in order to avoid collision. Alternatively, they may make 
no alteration to their flight height in response to encountering a turbine, meaning either they make 
a horizontal alteration to their flight path to avoid collision, or their risk of collision remains the 
same.  
 


Avian flight heights are commonly assessed during surveys of onshore or offshore windfarms. 
However, concluding that a certain proportion of birds might fly below the rotor swept area of a 
turbine does not necessarily imply avoidance behaviour as seabirds commonly fly at low altitudes in 
the absence of turbines (Cook et al. 2012, Johnston et al. 2014a). In order to assess the scale of any 
vertical responses to turbines it is necessary to compare the proportion of birds flying at rotor height 
within the windfarm to data collected either prior to the windfarm construction, or to the 
proportion of birds flying at rotor height in control areas adjacent to the windfarm.  
 
5.2.2 Horizontal meso-response conclusions 


 


Evidence for the extent and direction of horizontal meso-responses to turbines is extremely limited 
(see Appendix 3). We identified two studies with relevant information from the onshore 
environment (Everaert 2008 and Janoska 2012) and two studies from the offshore environment 
(Skov et al. 2012 and Krijgsveld et al. 2011). At De Put in Belgium, no evidence of a response was 
recorded amongst either black-headed or common gulls (Everaert 2008). Similarly, the data 
presented for Horns Rev I and II in Denmark only support a meso-response for large gulls, with none 
of the 402 flight paths recorded passing within less than 50 m of a turbine (Skov et al. 2012). The 
data presented do not make it possible to determine whether meso-responses occur within 
northern gannet, common scoter or terns although, on average these species passed turbines at a 
greater distance than large gulls. Data from two terrestrial sites in Hungary also suggest a strong, 
meso response for large gulls, with only 2.5% of birds flying within 75 m of a turbine (Janoska 2012). 
However, confidence in these data is extremely limited given the lack of detail available about the 
methodology of this survey. The strongest evidence for a meso-response rate from an offshore 
windfarm comes from Egmond aan Zee in the Netherlands. Here, the number of birds recorded by 
radar within 50 m of a turbine was 66% of those recorded elsewhere within the windfarm (Krijgsveld 
et al. 2011), reflecting a meso-response rate of 0.34, considerably lower than the meso-response 
rate reported in the Hungarian study.  
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However, it should be noted that measurements of the proportions of birds passing within a set 
distance of a turbine may not be an accurate reflection of the true meso-response rate. To estimate 
species’ meso-response rates it is necessary to consider whether the proportion or density of birds 
in areas close to turbines is higher or lower than would be expected within the windfarm as a whole. 
This could, potentially, be assessed either through visual observations during surveys of the area, or 
with the use of remote tracking technologies, such as radar. At present, however, such data are too 
limited to reliably quantify the horizontal meso-response rates of birds within a windfarm.  
 


5.2.3  Vertical meso-response rates conclusions 


 


All evidence for vertical meso-response rates which we identified originated from the offshore 
environment (Table 5.3). The quality of evidence presented by each of these studies varies 
considerably (see Appendix 4). For example, at Blyth, there was a reported increase in the 
proportion of birds flying at altitudes of more than 9.1 m above mean sea-level between pre- and 
post-construction (Rothery et al. 2009). However, as the rotor sweep of turbines at this site is 
between 26.4 and 92.4 m above mean sea level, it is unclear as to whether, despite this apparent 
increase in flight height post-construction, there was a significant increase in the proportion of birds 
flying at rotor height. Similarly, data from Nysted and Horns Rev were collected by radar and cover 
all birds flying below 200 m above mean sea level and are also, therefore, likely to incorporate a 
significant number of birds flying outside the rotor sweeps at these sites (Blew et al. 2008). Due to 
the significant proportion of birds in both of these studies that are likely to fly outside the turbine 
rotor sweeps, it is not possible to obtain useful information about the level of vertical meso-
responses from either. In addition, at Robin Rigg (Natural Power 2013) concerns have been raised 
about the power of the available data to detect changes in species’ flight heights, and about the 
methodology used to collect data on species in flight which may have led to the double-counting of 
individuals. For these reasons, data from these sites are not considered further in this section.  
 
Of the remaining sites, estimates of vertical meso-avoidance rates can be obtained from Barrow 
(Barrow Offshore Wind Farm Ltd) and Gunfleet Sands (NIRAS 2011, GoBe Consultants Ltd. 2012) by 
comparing the proportion of birds flying in different height bands pre- and post-construction, and at 
Egmond aan Zee (Krijgsveld et al. 2011) by comparing the proportion of birds at different heights 
inside and outside the windfarm. Of the species or groups for which data were available, only divers 
showed a consistent vertical response to turbines, in the form of a reduced proportion of birds at 
rotor height. Other species appear to show a full range of responses covering a strong vertical 
avoidance to a strong vertical attraction. For example, the proportion of northern gannet assessed 
to be flying at heights placing them at risk of collision increased by 59% between pre- and post-
construction at Barrow, but the proportion at risk height at Egmond aan Zee within the windfarm 
was 49% lower than the proportion outside the windfarm. A similarly mixed picture is evident for 
each of the remaining four priority species. The differences in the methodologies used by each study 
and the inconsistency in the different results mean it is not possible to draw conclusions about the 
magnitude or direction of any vertical meso-response to turbines.  
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Table 5.3  Vertical meso-avoidance rates obtained from reviewed studies – see Appendix 4 for 
the origin/derivation of these figures. Values of 0 indicate no response, values <0 
indicate an attraction response, values >0 indicate an avoidance response.  


 
 Barrow Blyth 


Summer 


Blyth 


Winter 


Egmond 


aan Zee 


Gunfleet 


Sands 


2010/11 


Gunfleet 


Sands 


2011/12 


Nysted / 


Horns Rev 


Robin 


Rigg 


 Barrow 


Offshore 


Wind Farm 


Limited.  


Rothery et 


al. (2009) 


Rothery et 


al. (2009) 


Krijgsveld 


et al. 


(2011) 


Niras 


(2011), 


GoBe 


Consultant


s Ltd, 


(2012) 


Niras 


(2011), 


GoBe 


Consultants 


Ltd, (2012) 


Blew et al. 


(2008) 


Natural 


Power 


Consulta


nts 


(2012) 


Diver spp     1.00 1.00   


Red-throated 
diver 


    0.39 0.86   


Northern 
gannet 


-0.59 -27.00 exp* 0.49    exp* 


Common 
scoter 


-0.24 0.00 0.00      


Common 
eider 


 0.00 -2.00      


Great 
cormorant 


exp* -1.38 -0.61 -0.38    exp* 


Arctic skua -1.00        


Black-headed 
gull 


0.56 0.07 -7.00 0.49 -10.70 1.00   


Common gull exp*   -0.20 -0.25 0.33   


Little gull    -0.65     


Black-legged 
kittiwake 


-0.41 -0.14 -28.00 0.20 -0.47 0.05  -1.00 


Small gulls    -0.26     


Lesser black-
backed gull 


0.72   -1.00 -0.44 0.00   


Herring gull 0.35 -1.16 -1.67 0.02 -0.02 0.11  -8.00 


Great black-
backed gull 


0.28 -1.38 -3.50 0.17 -0.75 -0.53  -0.67 


Large gulls    -0.01     


Gull spp -0.85   0.45 -1.98 -1.13   


Sandwich 
tern 


0.56 -1.94  0.35     


Common 
guillemot 


-1.00        


Auks spp -1.00        


Daytime 
migrants 
<200 


      0.17  


Night time 
migrants 
<200 m 


      0.18  


*Increase in the number of birds recorded from 0 in pre-construction surveys, meaning it is not 
possible to calculate a proportional increase.  
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5.2.4  Meso-response rates conclusions 


 


Data quantifying meso-response rates to turbines within offshore windfarms are extremely limited 
and of variable quality. Overall, evidence describing horizontal meso-responses appears to be 
stronger than the evidence for vertical meso-responses. Data from one onshore (Janoska 2012) and 
one offshore site (Krijgsveld et al. 2011) appear to suggest a moderate, negative horizontal meso-
response to turbines. Whilst there was a stronger meso-response rate at the onshore site, a lack of 
methodological detail made it difficult to understand the reasons for this difference. Furthermore, 
an additional two studies did not offer evidence of a horizontal meso-avoidance rate (Everaert 2008, 
Skov et al. 2012). As all  four studies we identified had limitations at this stage it is not possible to be 
confident about the magnitude of any horizontal meso-response, particularly at a species specific 
level. Whilst a greater quantity of data were available describing vertical meso-responses to 
turbines, the variable nature of these data and limitations associated with each study, mean it is not 
possible to draw firm conclusions about either the magnitude or direction of any vertical meso-
response. Particular concerns included the low power of some of the datasets, and a lack of overlap 
between the height bands assessed and the rotor-swept areas of the installed turbines. 
 
However, some studies do indicate how meso-responses may vary within-windfarms. Data from 
Horns Rev suggest that as birds travel further into a windfarm, they respond more strongly to 
turbines, with a greater number of directional changes in response to the third or fourth turbine 
rows than to the first or second rows (Petersen et al. 2006). Similarly, the operational status of 
turbines may influence species responses. Again at Horns Rev, common scoter, Arctic skua, herring 
gull, great black-backed gull, kittiwake, common/Arctic tern and Sandwich tern were all found to be 
less likely to pass by operational than non-operational turbines. This response is even stronger when 
considering birds passing between two adjacent turbines which are both either operational or non-
operational (Petersen et al. 2006). Similar results have been found at Alpha Ventus and Egmond aan 
Zee, where concentrations of birds were higher when turbines were non-operational than when 
they were operational (Krijgsveld et al. 2011, Mendel et al. 2014).  
 


5.3 Review of Published Evidence for Micro-Avoidance Rates of Marine Birds 


 
5.3.1 Studies of micro-avoidance 
 
We consider micro-avoidance to be the ‘last-second’ action taken to avoid collision with a turbine. In 
practice, this can be difficult to measure given the effort required to generate meaningful data. 
Several strategies have been employed to collect such data including: direct observations of bird 
interactions with turbines, using radar to track birds as they approach turbines and fitting cameras 
to turbines to record interactions. Interpretation of these data may be challenging and necessitate 
subjective judgements in relation to whether a bird is at risk of collision and what behavioural 
responses reflect a reaction.  
 
5.3.2 Micro-avoidance conclusions 


 


Data describing the ‘last-second’ response of birds to turbines have been collected from 16 
individual turbines, of which 14 were offshore and two were onshore, across four sites for in excess 
of 3,000 hours (Desholm 2005, RPS 2011, Krijgsveld et al. 2011, Wild Frontier Ecology 2013; see 
Appendix 5). Despite this effort, very few birds have been recorded passing close enough to turbine 
rotors to necessitate micro-avoidance action. In total, 45 birds (excluding those recorded at Nysted 
in Denmark, which were not recorded passing within less than 20 m of turbines, Desholm 2005) have 
been recorded passing close enough to turbines to necessitate some form of avoidance action, and 
at least 42 of these have been recorded as taking some form of avoidance action (RPS 2011, 
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Krijgsveld et al. 2011, Wild Frontier Ecology 2013). The remaining three birds were tracked at 
Egmond aan Zee in the Netherlands, using radar and it is unclear whether or not these may also 
have taken some form of avoidance action, although they were not recorded as colliding with the 
turbines (Krijgsveld et al. 2011).  
 
These data suggest that last-second action to avoid collision is an extremely rare event. This is not 
because birds do not respond to turbines, but because most avoidance action takes place at 
distances from the turbines beyond which the methodologies in the studies above could record (i.e. 
at the meso- and/or macro scales). Whilst only limited data are available describing micro-avoidance 
rates, the 45 flights considered in the studies described above suggest that a high proportion of 
birds, >0.93 based on the data described above, may take last second action to avoid collision.  
 
5.4 Review of Published Evidence for Within-Windfarm Avoidance Rates of Marine Birds 


 


5.4.1 Background 


 


In addition to monitoring behavioural avoidance of birds at windfarms, as described in the micro-
avoidance and meso-response sections above, a key part of the post-construction monitoring 
programmes at onshore windfarms is recording the incidence of collisions between birds and 
turbines. This is typically achieved through organised searches at regular intervals around turbine 
bases (e.g. Winkelman 1992, Thelander et al. 2003, Everaert 2008). Corrections are then applied to 
account for factors including searcher efficiency and the removal of corpses by scavengers (e.g. 
Winkelman 1992). These records are often presented as a collision rate per turbine per year (e.g. 
Winkelman 1992, Musters et al. 1996, Brown & Hamilton 2004, 2006, Grunkorn et al. 2009). Whilst 
such values may provide a useful comparison of collision risk between individual turbines within a 
windfarm, or between windfarms in general, they do not, by themselves provide useful information 
about the behavioural responses of birds to the presence of turbines.  
 
In order to use collision rates to derive meaningful information about the behavioural responses of 
birds to the turbines, it is necessary to combine them with an estimate of the rate at which birds 
pass through the windfarm. Estimates of the rate at which birds pass through the windfarm can be 
derived by converting the total number of birds observed over a known period of time into an 
hourly, or daily rate. These flux rates can then be multiplied by the total length of the study period, 
taking care to correct for factors such as variable day length, to estimate the total number of birds 
passing through the windfarm during the period in question – for example, the months over which 
searches were made for collision victims. It may also be necessary to rescale these estimates, for 
example if only a proportion of the windfarm was covered during surveys. However, as movement 
data refer to the windfarm as a whole, it is not possible to separate the meso and micro elements of 
these mortality derived avoidance rates. For this reason, these are collectively referred to as within-
windfarm avoidance rates.  
 
5.4.2 Methodology 


 


5.4.2.1 Deriving within-windfarm avoidance rates 


 


We identified 20 sites at which data were available combining an estimate of the collision rate with 
an estimate of the rate of flux through the windfarm that made it possible to derive within-windfarm 
avoidance rates (see Appendix 6). Of these, 17 sites were onshore and three were offshore. Using 
the methodology set out in Band (2007) it is possible to calculate the number of birds expected to 
collide with turbines at each of these sites if no avoidance action is taken.  
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The first step of this process is to estimate the total number of birds likely to have passed through 
the windfarm during the period in which collisions were recorded. As surveys are not, typically, 
carried out continuously over the study period, the number of birds recorded must be converted to 
an hourly rate. The total number of birds passing through the windfarm is then estimated by 
multiplying the hourly rate by the total number of hours over the study period as a whole, with a 
correction applied to account for the nocturnal activity level of the species concerned, based on the 
figures reported in Garthe and Hüppop (2004). However, it should be noted that the difficulty of 
collecting data on nocturnal activity in seabirds means it is unclear how accurate these figures are.  
 
The next step is to use this value to estimate the total number of birds likely to pass through the 
turbine rotor sweeps. The total number of birds flying through the windfarm is multiplied by the 
proportion estimated to fly at rotor height, based on the original survey data. This value is then 
converted to the number of flying birds per m2 and multiplied by the total area occupied by the 
turbine rotors.  
 
A significant proportion of the birds passing through the turbine rotors are likely to do so without 
colliding (Band 2007). Therefore, a correction, the Probability of Collision (Pcoll), must be applied to 
the data to account for this. This is calculated based on the turbine specifications, design of the 
windfarm array and the flight behaviour and morphometrics of the species of interest and based on 
the methodology set out in Band (2007). Species morphometric and behavioural data used to 
estimate Pcoll are given in Table 5.4, whilst turbine details for each site are given in Table 5.5.  
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Table 5.4   Bird parameters to estimate Pcoll for each windfarm. Speed data taken from 
Pennycuick (1997) and Alerstam et al. (2007), morphometric data from Robinson 
(2005), where species groups are given, data come from a species likely to be 
representative of that group as a whole, within the offshore wind context.  


 
Species Length (m) Wingspan (m) Speed (m/s) Flap/glide 


Diver (red-
throated Diver) 0.61 1.11 14.50 flap 
Grebe (great 
crested grebe) 0.48 0.88 18.65 flap 
Northern gannet 0.94 1.72 14.90 glide 
Arctic skua 0.44 1.18 13.30 flap 
Great cormorant 0.90 1.45 14.50 flap 
Common eider 0.60 0.94 18.65 flap 
Common scoter 0.49 0.84 18.65 flap 
Long-tailed duck 0.58 0.88 18.65 flap 
Black-headed gull 0.36 1.05 9.50 flap 
Common gull 0.41 1.20 9.50 flap 
Black-legged 
kittiwake 0.39 1.08 13.10 flap 
Franklin’s gull 0.41 1.20 18.65 flap 
Ring-billed gull 0.41 1.20 9.50 flap 
Little gull 0.26 0.78 11.50 flap 
Lesser black-
backed gull 0.58 1.42 13.10 flap 
Herring gull 0.60 1.44 12.80 flap 
Great black-
backed gull 0.71 1.58 13.70 flap 
Little tern 0.23 0.52 10.00 flap 
Common tern 0.33 0.88 10.00 flap 
Sandwich tern 0.38 1.00 10.00 flap 
Auk (common 
guillemot) 0.40 0.67 19.10 flap 
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Table 5.5  Turbine data used for each site. Figures in red indicate that the parameter was not presented for site in question and had to be estimated 
from a turbine with a similar design. Row colours indicate confidence assigned to data collected at each site – green indicates highest 
confidence, where there was both spatial and temporal overlap in the collection of corpse and movement data; yellow indicates moderate 
confidence where there was temporal overlap in the collection of corpse and movement data, but incomplete spatial overlap, meaning that 
bird activity had to be extrapolated across the site; red indicates lowest confidence, sites where there was incomplete spatial and temporal 
overlap in the collection of corpse and movement data, meaning bird activity had to be extrapolated both spatially and temporally; grey 
indicates studies in which flights through the windfarm were recorded so that collisions could be directly recorded, such studies typically 
had very little power. 


 
Windfarm N turbines Turbine 


capacity 


(MW) 


Width of 


survey 


window 


(m) 


Height of 


survey 


window 


(m)
1 


N blades Blade 


width (m) 


Rotor 


diameter 


(m) 


Rotor 


speed 


(rpm) 


Pitch 


(degrees) 


Hub 


height (m) 


Altamont 685 0.12 7713.6242 33.5 3 0.66 19 43.025 10 24.0 
Blyth 2 2.00 6003 92.4 3 4.40 66 18.026 10 59.4 
Blyth Harbour 9 0.30 9254 37.5 3 0.6632 25 43.0 1032 25.0 
Boudwijnkanaal 5/7/145 0.6 1040/15366 79 3 1.10 48 43.025 10 55.0 
Bouin 8 2.5 40007 100 3 4.40 80 18.026 10 60.0 
Buffalo Ridge 143 0.75 96008 74 3 1.10 48 32.3 10 50.0 
De Put 2 0.8 3009 10026 3 1.10 48 43.025 T10 75.0 
Gneizdzewo 19 2.00 370010 120 3 4.40 80 18.026 10 80.0 
Greater 
Gabbard 


7 3.6 400011 18027 3 4.20 107 15.027 10 77.5 


Groettocht 5 1.65 100012 14028 3 4.40 66 21.3 10 78.0 
Haverigg 8 0.6 92013 66 3 1.10 42 43.025 10 45.0 
Kauwnee 
County 


31  1224714 89 3 1.10 47 43.025 10 65.0 


Kessingland 2  80015 126 3 2.50 92 15.0 10 80.0 
Kleine 
Pathoweg 


7 1.8 182016 120 3 4.40 70 18.026 10 85.0 


Oosterbierum 18 0.3 143017 6018 3 0.66 30 43.025 10 35.0 
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Waterkaaptocht 5 1.65 100012 14028 3 4.40 66 21.3 10 78.0 
Yttre Stengrund 5 2.0 2000019 25029 3 4.40 72 10.0 10 60.0 
Zeebrugge 4/6/23/24/2520 0.421 400/72022 65/8023 3 0.66 34 43.025 10 34.0 
Hellrigg 4 2.3 400024 121 3 4.40 82 18.026 10 80.0 
Avonmouth 3 2.00 130030  16031 3 4.40 83 17.5 10 79.0 
1Maximum turbine height unless otherwise stated; 2see Table 2 of Thelander et al. 2003, total survey area of 59.5 km2, width of survey window assumed to 


be ,√59.51 ∗ 1000; 3Rothery et al. (2009) state 600 m scan area; 4 Lawrence et al. (2007) state that observations were carried out between turbines 5-9, 
turbines separated by 200 m with a rotor diameter of 25 m and arranged in a single line; 5Collisions were recorded under all 14 turbines in 2002-2006. In 
2001, bird activity surveys were carried out around five turbines and avoidance rates derived from collisions around these turbines are also presented. In 
2005, bird activity surveys were carried out around seven turbines and avoidance rates derived from collisions around these turbines are also presented; 6In 
2001, only five turbines were present with diameters of 48 m and spacing of 200 m, therefore, the total survey window in 2001 was 1,040 m wide (section 
3.3.1 in Everaert et al. 2002, Table 27 in Everaert 2008). In 2005, 14 turbines were present, but activity was only monitored around seven of these, 
therefore in 2005 the total survey window was 1,536 m wide (Table 27 in Everaert 2008). Turbines were all arranged in a single line; 7Observations carried 
out along four 1 km linear segments on the edge of the windfarm, see section 5.1 of Dulac (2008); 8 Raptor/large bird surveys carried out through point 
counts at six locations, each with a radius of 0.8 km, (page 7, Johnson et al. 2000); 9Estimated from Figure 101 in Everaert (2008); 10Estimated from Google 
Earth map of windfarm 
(https://www.google.co.uk/maps/place/Gnie%C5%BCd%C5%BCewo/@54.7467485,18.3525275,3643m/data=!3m1!1e3!4m2!3m1!1s0x46fdb3a54ca46bb1:
0x5926557d4b8964d0); 11Data collected within viewing arc with a radius of 2 km, covering seven turbines (Galloper Offshore Windfarm Environmental 
Statement, Appendix 4); 12Data presented as number of birds/km/hr; 13Table A.3.13 in Galloper Offshore Windfarm Environmental Statement; 14Abstract of 


Howe et al. (2002) states that 150 km2 were surveyed, width taken as �√150$ ∗ 1000; 15Birds recorded were those passing within a 200 m radius around 
each turbine, Wild Frontier Ecology (2013); 16Table 32 of Everaert (2008), activity monitored around turbines 3-7 which are each separated by 280 m, 
arranged in a single line and have a diameter of 140 m; 17Section 2.1 of Winkelman (1992), turbines have a diameter of 30 m and are 250 m apart and 
arranged in three lines of six turbines; 18Birds up to 60 m recorded (Tables 12a-d Winkelman 1992); 19Movements monitored over four 5 km observation 
lines (Figure 3, Petterson 2005); 20Based on Everaert (2008) – 23 turbines were operational and searched for corpses in 2001-2003, 25 turbines were 
operational and searched for corpses in 2004, and 24 turbines were operational and searched for corpses in 2005-2007. In addition, collision data for the 
four turbines monitored for gull activity in 2000 and 2001 (Everaert et al. 2002) and the seven turbines monitored for tern activity in 2004 and 2005 
(Everaert & Stienen 2007, Everaert 2008) are also analysed in this report; 21While different turbine types have been used at Zeebrugge, the analysis in this 
report is based on the assumption that they share the characteristics of those on the eastern wall, where the greatest number of collisions are typically 
recorded (Everaert 2008); 22Gull activity was monitored along a 400 m section of the eastern wall in 2000 and 2001 (Everaert et al.  2002) and tern activity 
was monitored along a 720 m section of the eastern wall in 2004 and 2005 (Everaert & Stienen 2007, Everaert 2008); 23In 2000 and 2001, flight height was 
estimated up to a maximum of 65 m and in 2004 and 2005 flight height was estimated up to a maximum of 80 m; 24States that standard SNH vantage point 
methodology with radius of 2 km from a single point used (Percival 2012, 2013);25Based on rotational speed of Blyth Harbour turbines;26 Based on rotational 
speed of Enercon E-70 2.3 MW turbine;27Similar size to Kessingland turbines; 26Birds up to 100 m recorded, see Table 37 of Everaert (2008); 27Birds up to 
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180 m recorded, see section 1.11 of Appendix 4; 28Radar monitoring of flight heights up to 140 m, see Krijgsveld et al. (2011); 29Flights monitored up to 
altitude of 250 m, see figure 11 of Petterson (2005); 30Estimated from Google Earth map of windfarm 
(https://www.google.co.uk/maps/search/Bristol+Port+Wind+Park/@51.5117476,-2.7031114,1372m/data=!3m1!1e3); 31Paragraph 2.3 of The Landmark 
Practice (2013).32highlighted grey so red numbering shows up against red background.  
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The number of birds predicted to collide with the turbines in the absence of any avoidance action 
can be estimated by multiplying the total number of birds predicted to pass through the rotor sweep 
of the turbines over the course of the time period in which collision searches were carried out by the 
probability of those birds colliding with the rotor blades. An avoidance rate can now be derived from 
these data by dividing the observed collision rate by the predicted collision rate, as in equation 6.  
 
Avoidance rates were derived, as described above, for each species-site combination for which 
sufficient data were available in the studies identified as part of our literature review. The quality of 
data presented in each of these reports was highly variable, in particular in the level of spatial and 
temporal overlap between the periods over which corpses were collected and bird movement data 
were collected. The feasibility of collecting movement data over the course of the study periods as a 
whole meant that some extrapolation was inevitable when calculating avoidance rates. However, we 
sought to minimise this extrapolation and sought to categorise the studies we identified accordingly 
(Table 5.5).  
 
The first category (green) we identified, which we had greatest confidence in, was that in which 
activity data were collected at intervals throughout the period in which corpse data were collected, 
and from around all turbines which were searched for corpses. This meant that no spatial 
extrapolation was necessary to derive an avoidance rate, and the need for temporal extrapolation 
was minimised. The second category (yellow) we identified was similar to the first, with the 
exception that activity data were not collected around all of the turbines which were searched for 
corpses, for example at Kleine Pathoweg, where bird movements were only monitored around five 
of the seven turbine where corpse searches were carried out. This meant that spatial extrapolation 
of movement data was necessary, potentially leading to erroneous conclusions if flights were not to 
occur evenly throughout the site. The third category (red) also required spatial extrapolation of 
activity data. In addition, movement data were only collected for a portion of the time in which 
corpse data were collected, meaning that bird activity had to be extrapolated across seasons or 
years. Such extrapolation is extremely likely to give a misleading picture of the true level of bird 
activity at a site over the study period which is likely to vary seasonally, e.g. over breeding or 
migration periods. The final category (grey) relates to studies in which bird movements through 
windfarms have been monitored in order to directly observe collisions. Given the relative rarity of 
birds colliding with turbines, these studies typically have low power to detect a collision.  
 
We consider how each of these categories influences the avoidance rates that are derived. We also 
consider the influence of other factors, such as turbine size, on avoidance rates in order to assess 
whether it is appropriate to apply avoidance rates from some of the smaller onshore turbines to the 
much larger turbines used in the offshore environment.  
 
The estimation of predicted collisions requires assumptions to be made regarding the proportion of 
birds flying at collision risk height and their flight height distributions. Consequently, we derive 
avoidance rates appropriate for use with each of the three model options presented in the Band 
offshore collision risk model spreadsheet (Band 2012):  
 
i.   Option 1, where site specific flight height data are used to estimate the proportion of birds 


flying at collision risk height;   
ii. Option 2, where modelled data are used to estimate the proportion of birds flying at 


collision risk height, based on the distributions presented in Johnston et al. (2014a) and the 
exact rotor dimensions presented in each report;  


iii.  Option 3, where modelled flight height distributions are used to account for collision risk not 
being distributed evenly within a turbine’s rotor swept area.  
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It should be noted that different values would be expected for Band model options 1 and 2 because 
option 2 uses generic distributions from compiled data sources, which may not be directly 
comparable to data collected from some of the sites included in this review. In some cases, option 2 
may also use a better defined risk window, as it reflects the actual turbine dimensions rather than a 
pre-defined window set during pre-construction surveys.  
 
5.4.2.2 Estimating representative within-windfarm avoidance rates 


 
The aim of this review was to derive representative within-windfarm avoidance rates that can be 
used to inform a total avoidance rate for use in collision risk modelling for each of the priority 
species. Whilst the above methodology can give us a range of different values for marine birds in 
general, and some of the priority species in particular, combining them to get a single, 
representative figure is far from straightforward. This is further complicated as several studies report 
no collisions, suggesting an avoidance rate of 1 over the study period. However, were the study 
periods of these studies to be extended indefinitely, it is likely that the avoidance rate would drop to 
below 1 as some individuals will always fail to take action to avoid collision, given sufficient time and 
bird flux within the site. Whilst one approach would be to discard studies in which no collisions were 
recorded, this would be inappropriate as it would risk negatively biasing our dataset and, potentially, 
result in a within-windfarm avoidance rate which is overly precautionary.  
 
We identified five methodologies – ratio estimators, meta-analysis, proportional hazard models and 
mark-recapture models, events-trials models and Poisson regression – that could potentially be used 
to combine collision records and flux rates across sites in order to derive representative avoidance 
rates (Table 5.6). We then considered the limitations and assumptions associated with each 
technique, before determining which was likely to be the most effective approach.  
 
Meta-analysis is most appropriate when estimates of variance around effect sizes are available, 
which was not the case in this instance. The data available from the studies we reviewed fail basic 
assumptions about perfect detectability required for proportional hazard models. Similarly, as 
individual birds are recorded only upon their deaths, and not on their entry to the population, mark-
recovery models were not appropriate. Collisions between birds and turbines are rare events. As 
event-trials models are most effective when the probability of an event is moderate, this 
methodology is also likely to be ineffective. Poisson regression models may be an effective 
approach. However, such an approach would require time to develop and test using simulated data. 
It may also be ineffective without access to raw survey data from each site. Whilst this approach 
may provide a useful framework for future studies it was not considered feasible within the 
framework of the current project.  
 
Having considered each of the different approaches, we concluded that ratio estimators would be 
the most appropriate approach to combining the avoidance rate data. Given the limitations of the 
data, we felt that any of the more complex modelling approaches may result in undue confidence 
being assigned to the derived values.  In the absence of raw data, we feel that any more involved 
modelling approach is likely to be less than robust and that, in this instance, a simpler approach, 
such as ratio estimators, is most appropriate. 
 
Ratio estimators divide the total number of collisions across all sites by the total number of collisions 
predicted in the absence of avoidance behaviour across all sites (equation 9). By dividing the total 
number of collisions by the predicted collision rate, sites with greater levels of bird activity are given 
greater weighting than sites at which bird activity is relatively low. Arguably, this approach to 
weighting is more appropriate than weighting flux rate alone, as it accounts for the fact that a higher 
flux rate may not necessarily reflect a greater number of birds at risk of collision. For example, a site 
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may have a relatively high flux rate, but only a relatively small proportion of these birds may be at a 
height which places them at risk of collision. Using equation 9, we derive representative avoidance 
rates for all species and groups for which sufficient data were available.  
 


4�'ℎ��	4���6�*7	��������	 = 1 −	�∑��������	����������∑������	× �!"	#���$ % (eq. 9) 


 
As data come from multiple sites, there is likely to be a degree of uncertainty associated with 
avoidance rates derived in this manner. The importance of incorporating uncertainty in the 
Environmental Impact Assessment process is receiving increasing recognition (Masden et al. 2014). 
The variance associated with the avoidance rates derived using ratio estimators can be calculated 
using the delta method (Powell 2007). The square root of this value will give an estimate of the 
standard deviation around the avoidance rates derived using ratio estimators (Batschelet 1976). It is 
important to note that this value will reflect variability between sites, as opposed to uncertainty in 
the input parameters. At present, many of the input parameters for the Band model are only 
available as single values (e.g. mean rotor speed), until a realistic range of values is available for the 
key parameters, quantifying uncertainty from these sources will be challenging.  
 
As we are looking for representative values for the within-windfarm avoidance rates, it is important 
to ensure that the values we are deriving are not unduly influenced by a single data point (each data 
point reflecting a single site-year-species combination), or set of data points. For this reason we 
investigate how different factors may influence the final avoidance rates we derive. As a first step, 
we explore how much influence (leverage) each data point has on the final, representative 
avoidance rates. We identify sites which have a high leverage and determine whether there are any 
common factors linking them, for example, an unusually high or low flux rate or the presence of 
small turbines.  
 
We then consider how bird flux and turbine size may influence the final derived avoidance rates 
using a stepwise approach. These analyses are not an essential part of deriving our final avoidance 
rates, instead, they help us to understand how reliant our values are on the inclusion of all of our 
data points. Ideally, as we drop data points from our calculations, the avoidance rates derived 
should remain fairly constant. In the first analysis, we drop sites based on their estimated flux rates. 
This helps to demonstrate whether our final avoidance rate is dependent on the inclusion of data 
from a handful of sites with high levels of bird activity. In our second analysis, we drop sites based on 
maximum turbine height, to identify whether sites with smaller turbines, less typical of the offshore 
environment are unduly influencing the values we derive.  A more detailed analysis of the sensitivity 
of our derived values is carried out in section 6 (below).  
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Table 5.6  Methodologies considered for synthesising avoidance rates across multiple data 
sources.  


 
Method Description Used 


Ratio 


estimators 


Ratio estimators provide a relatively simple approach that compares the 
mean of the number of collisions to the mean of the number of birds at risk 
of collision (Cochran 1977). The approach does this by combining data across 
sites prior to any calculation and, therefore, accounting for the differing levels 
of bird activity at each site. As the number of birds at risk of collision is 
proportional to the bird flux at a site, this approach effectively weights sites 
by the level of bird activity recorded. Depending on the data available, such 
calculations can be undertaken on a species, group or global basis. They have 
the advantage of offering a single, easily interpretable output. This approach 
has previously been used to derive avoidance rates for geese from multiple 
data sources (Pendlebury 2006). 


� 


Meta-


analysis 


Meta-analysis provides a way of combining studies, which may have different 
uncertainties attached to them, to determine the size and statistical 
significance of a given effect. The units of meta-analysis are the independent 
results of studies, rather than the responses of individual subjects (Arnqvist & 
Wooster 1995), with a strong recommendation from statisticians that they 
should use weighted combination of effect sizes (Stewart 2010).  Meta-
analyses are most appropriate when studies present estimates of variance 
around the effect sizes (Gurevitch & Hedges 1999, Stewart 2010), which were 
not available from the studies we have reviewed.    


� 


Proportional 


hazard 


models / 


mark-


recovery 


models 


We considered the possibility of using time to event style models such as 
proportional hazard or mark-recovery models. In the case of proportional 
hazard models, the data fail basic assumptions about perfect detectability 
necessary for such analyses. As each individual bird is recorded only on its 
death (and not on entry to the population, i.e. when it enters the turbine 
space), it was not possible to use mark-recovery type models to produce 
synthesised ARs from the various studies. 


� 


Events-trials 


models 


Events-trials models involve combining the number of events (in this case, 
collisions) with the number of trials (in this case, birds passing through the 
turbines) within a binomial generalised linear model (GLM). However, 
collisions are rare events and binomial GLMs work best when the probability 
of an event is moderate (typically in the region of 0.2-0.8). We therefore feel 
such a methodology is inappropriate in this instance.  


� 


Poisson 


regression 


As collisions are rare events the mean across sites is likely to be low and may 
be expected to follow a Poisson distribution. We could use bird flux as an 
offset in such a model to account for the different abundance of birds at each 
site and incorporate a weighting factor to account for survey effort. Zero-
inflation is also likely to be an issue (i.e. many sites record no collisions). 
Whilst this approach may be possible and provide a useful framework for 
future analyses, it would require some time to develop and test using 
simulated data and was thus outside of the scope of this project. It should 
also be noted that we are uncertain about how effective such an approach 
would be without access to the raw survey data from each site. 


� 
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5.4.3 Results 


 


5.4.3.1 Derived within-windfarm avoidance rates 


 
Data combining collision rates and passage rates through windfarms were obtained from 20 sites – 
see Appendix 6 for details of sites and species, and Appendix 7 for full results. However, based on 
the available data, it was only possible to derive within-windfarm avoidance rates for eider, gulls and 
terns. Whilst other species had been recorded within the windfarms, these were often present in 
relatively low numbers, and only a single collision event, involving a flock of four eider, was observed 
during visual observations of turbines. The range of species reflects the onshore or coastal locations 
of the study sites, and it should be noted that, among the priority species being considered in this 
review, no estimates could be derived for northern gannet.  
 
The range of responses estimated from the available data runs from an apparent strong attraction 
whereby the proportion of birds within the rotor-swept area increases by >1000% in some cases, to 
strong avoidance, where close to 100% of birds avoid the rotor-swept area.  
 
Multiple years’ data were collected from several onshore sites including Avonmouth and Hellrigg in 
the UK, Boudwijnkanaal and Zeebrugge in Belgium, Gneizdzewzo in Poland, and an offshore site at 
Yttre Stengrund in Sweden. Multiple years’ collision data were also available from Kleine Pathoweg 
in Belgium. However, bird activity data were not collected concurrently with data on collision rates 
for this site, meaning the results cannot be used for the purposes of this review. Whilst we have 
been able to derive a within-windfarm avoidance rate in both study years for this site, this approach 
is flawed as it involves extrapolating from one year’s activity data to the next. The same is true for 
some of the data collected for both Zeebrugge and Boudwijnkanaal. Whilst multiple years’ data were 
also collected from sites such as Altamont Pass and Buffalo Ridge in the U.S.A. and Blyth Harbour in 
the UK, these data were summarised across years so it was not possible to examine year to year 
variation in derived avoidance rates and the resultant avoidance rates should be treated with a high 
degree of scepticism. Of the sites where it may be possible to compare values between years, only 
Hellrigg, Gneizdzewo, Boudwijnkanaal, Yttre Stengrund and Zeebrugge provide data that allow this.  
 
We present within-windfarm avoidance rates from all sites for illustrative purposes only (Appendix 
7). For the purposes of deriving representative values, we only use what we consider to be the 
highest quality data (green rows in Appendix 7) where there is both spatial and temporal overlap 
between the collection of corpses and the collection of bird activity data. Unless otherwise stated 
the within-windfarm avoidance rates presented in the text from this point refer to those derived 
using option 1 of the Band model, but these are applicable to option 2.  
 
In the five years for which data were available for Gneizdzewo, only a single collision involving a gull 
species was recorded (Appendix 7). Similarly, in the years for which data are available from Hellrigg 
and Yttre Stengrund, collisions were only recorded in a single year at each site. At Boudwijnkanaal, 
the within-windfarm avoidance rate for herring/lesser black-backed gulls declined from 0.9903 in 
October 2001 to 0.9556 in October 2005. At Zeebrugge, it was possible to compare within-windfarm 
avoidance rates for herring and lesser black-backed gulls both between seasons and years. For 
herring gulls within-windfarm avoidance rates declined from 0.9861 in the 2000 breeding season to 
0.9722 in the 2001 breeding season. For lesser black-backed gulls the equivalent figures were 1 in 
2000 and 0.9706 in 2001. In 2001, activity data at Zeebrugge were collected in both the breeding 
season and autumn. The within-windfarm avoidance rates showed an increase for both species 
during the autumn, to 0.9976 in the case of herring gulls and 0.9990 in the case of lesser black-
backed gulls. However, given the limited data available to explore these patterns, more data are 
required to make firm conclusions about aspects such as seasonal variation in avoidance rates.  
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Everaert (2014) presents within-windfarm avoidance rates for gulls derived from the same datasets 
for Zeebrugge, Boudwijnkanaal, Kleine Pathoweg and De Put, using the basic Band collision risk 
model. The results differ from those we present. The reason for this is likely to be that Everaert 
(2014) extrapolate bird activity data to cover broader spatial and temporal scales, whilst we focus 
only on the turbines and months in which bird activity data were specifically collected. The author 
highlights this extrapolation as a reason why his results should be treated with caution in his 
discussion of the results. For our purposes, we felt that focussing on the period when activity data 
were collected when deriving within-windfarm avoidance rates was more consistent with our 
approach at other sites. A similar issue has been raised in the past in relation to Sandwich tern 
within-windfarm avoidance rates derived from collision data at Zeebrugge, where rates derived from 
the same dataset have varied from 0.9664-0.9955 (see NE/JNCC note on subject). This highlights the 
importance of transparency in the calculations used to derive within-windfarm avoidance rates, 
enabling people to understand why differences may have arisen and come to an informed position 
about which values are likely to be most applicable to the situation at hand.  
 
Our analyses of the tern data from Zeebrugge suggest that within-windfarm avoidance rates are 
likely to be towards the high point of this range. Using only collisions reported in June and around 
the seven turbines from which activity data were collected, we estimated a within-windfarm 
avoidance rate of 0.9944 for common tern in 2004 and 0.9948 in 2005. For Sandwich tern, we 
estimated within-windfarm avoidance rates of 0.9980 in 2004 and 0.9989 in 2005. No collisions 
involving little terns were recorded around these turbines in either year. These data suggest that 
tern within-windfarm avoidance rates are very high, and may be consistent year on year.  
 
In addition to estimating collision rates from fatality searches, at four sites – Blyth Offshore 
Windfarm, Greater Gabbard Offshore Windfarm, Haverigg Windfarm and the Yttre Stengrund and 
Utgrunden Offshore Windfarms in Sweden – bird activity has been monitored with a view to directly 
observing collisions. In total, 646 hours of observations have been collected in this manner across 
the four sites and five windfarms. These surveys documented 3,167,238 bird movements within-
windfarms, including at least 5,319 involving gulls. Despite this, these had relatively low power to 
detect a collision. In the absence of avoidance action, across these sites only 63 collisions would 
have been expected based on the basic Band model and only 45 based on the extended Band model 
(Appendix 7). In relation to the priority species covered by this report, 17 of the collisions predicted 
using the basic Band model and 13 predicted using the extended Band model would have involved 
gulls. A single collision involving a gull would reflect an avoidance rate of less than 0.95 for both the 
basic and extended Band model. Such an avoidance rate would be extremely conservative, and it is 
therefore, unsurprising that no collisions were recorded during visual observations. Indeed, over the 
course of these studies,  only a single collision event, involving four common eider at a single turbine 
at Yttre Stengrund Offshore Windfarm was observed, reflecting a within-windfarm avoidance rate of 
0.1861 for common eider in autumn 2003 or 0.9024 across all seasons and years. Consequently 
these studies do not provide strong evidence for the behavioural response of our five priority 
species to turbines.  
 
Deriving within-windfarm avoidance rates using the different Band model options 


 
Whilst the observed number of collisions remains constant, regardless of the model option used, the 
predicted number of birds at risk of collision varies. As avoidance rates are derived by dividing 
observed collisions by predicted collisions (eq. 6), avoidance rates derived using different model 
options will vary. Collision estimates produced using the different Band model options and option-
specific avoidance rates will only be identical if the windfarm in question has the same specifications 
as used to derive those avoidance rates. However, this will not be the case when these avoidance 
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rates are applied to a novel site as a result of differences in model input parameters (e.g. turbine 
specifications and site-specific estimates of the proportion of birds at collision risk height).  
 
 Within-windfarm avoidance rates derived using option 1 of the Band model are higher than those 
derived using options 2 and 3. The difference in values derived using option 1 and option 2 results 
from the use of site-specific data on the proportion of birds at risk in option 1, and the use of a 
generic flight height distribution to inform the proportion of birds at risk in option 2 – in other 
respects these options are mathematically identical. The difference between option 2 and option 3 
lies in how the flux rate and probability of collision are applied across the turbines rotor-swept area. 
Using option 2, an average collision probability is multiplied by an average flux rate. This introduces 
error when a species’ flight height distribution is not uniform. Option 3 accounts for the non-uniform 
flight height distribution, common to many species (Johnston et al. 2014a), by integrating the flux 
rate and collision probability over the turbines rotor-swept area.  
 
5.4.3.2 Representative within-windfarm avoidance rates 


 


The within-windfarm avoidance rates data described above, and presented in Appendix 7 are of 
extremely variable quality. The final, derived within-windfarm avoidance rates are heavily 
dependent on the accuracy of the estimated flux rates at each site and on the accuracy of collision 
estimates. As continuous monitoring of bird activity at these sites was not feasible, some degree of 
extrapolation to estimate the total flux rate will be inevitable. However, it is desirable to keep this 
extrapolation to a minimum. For this reason, we only combine data from sites at which it was not 
necessary to make a spatial extrapolation in order to estimate a flux rate, and for which activity data 
were collected at intervals throughout the period in which collisions were monitored, to minimise 
the potential for inappropriate temporal extrapolation. The sites meeting these criteria were 
Avonmouth (Winter 2007/08, 2008/09, 2009/10, 2011/12), Boudwijnkanaal (October 2001 and 
October 2005), Bouin, De Put, Gneizdzewo (autumn 2007, 2008, 2009, 2010, 2011, 2012), Hellrigg 
(winter 2011, 2012), Kessingland, Oosterbierum (autumn 1990, spring 1991) and Zeebrugge (June-
July 2000, June-July 2001 and September-October 2001). All of these sites were located onshore.  
 
Across these sites, a total of 3,880,794 seabirds, of which the majority (66%) were gulls, were 
expected to have passed through the windfarms over the periods in which corpse searches were 
carried out. We determined that sufficient data were available to derive avoidance rates for four 
species – black-headed gull, common gull, lesser black-backed gull and herring gull – and four 
species groups – all gulls, large gulls (lesser black-backed gull, herring gull, great black-backed gull, 
Caspian gull, yellow-legged gull), small gulls (black-headed gull, common gull, little gull) and all terns.  
 
Black-headed gull 
 
A total of 746,668 black-headed gulls were expected to have passed through seven sites – 
Avonmouth (four studies), Boudwijnkanaal (one study), Bouin (one study), Gneizdzewo (three 
studies), Hellrigg (two studies), Kessingland (one study) and Zeebrugge (three studies) – over the 
course of their respective study periods. After adjustments were made to this total to account for 
the proportion of birds flying at rotor height, the size of the rotor swept area and the probability of 
birds passing through the rotor-swept area without colliding, this was predicted to result in 1,839 
collisions based on option 1 and 582 collisions based on option 2, and 297 based on option 3. 
However, in total only 38 black-headed gull collisions were recorded across all sites during their 
respective study periods. This corresponds to within-windfarm avoidance rates of 0.9795 (± 0.0033 
SD) using option 1 of the Band model, 0.9351 (± 0.0031 SD) using option 2 of the Band model and 
0.8731 (± 0.0056 SD) using option 3 of the Band model.  
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We investigated the leverage that each study site had on the final within-windfarm avoidance rates 
derived for black-headed gull. We identified three sites which had high leverage for the within-
windfarm avoidance rates derived using options 1 and/or 2 and/or 3 of the Band model (Figure 5.1). 
Of these, the exclusion of data from Bouin resulted in an increase in the value derived using option 
1. This is likely to be due to the presence of the turbines on the edge of a black-headed gull breeding 
colony.  This may have led to a greater number of flights through the rotor-swept area of turbines by 
adult birds returning to provision chicks and/or newly fledged chicks less experienced at flying. As a 
result of the relatively high collision rate at this site, including this site in our analysis reduced the 
overall within-windfarm avoidance rate derived using option 1. The leverage of data from Hellrigg in 
2012/13 was of a similar magnitude, but in the opposite direction. Despite having the highest level 
of black-headed gull activity and a high proportion of birds flying at collision risk height, no collisions 
were recorded at this site, in this year. As a consequence, excluding these data from our analysis 
resulted in a reduction in the overall within-windfarm avoidance rate.  
 
In contrast to option 1, the exclusion of data from Bouin led to a substantial decrease in the overall 
within-windfarm avoidance rates derived using options 2 and 3. The relative importance of data 
from Bouin is exaggerated using options 2 and 3 of the Band model as modelled flight height 
distributions suggest that other sites with high levels of bird activity, such as Hellrigg, should have 
very low proportions of birds flying at collision risk height. As such, the predicted collision rates at 
these sites are much lower than when using option 1 and they have much less influence when used 
to derive overall within-windfarm avoidance rates using ratio estimators.  In addition, the within-
windfarm avoidance rates derived for Bouin using options 2 and 3 are significantly higher than for 
other sites at which collisions were recorded meaning, given its importance relative to other sites, 
excluding data from Bouin from the analysis results in a significant decrease in the overall within-
windfarm avoidance rate derived. Excluding data from Boudwijnkanaal from the analysis for options 
2 and 3 results in an increase in the overall within-windfarm avoidance rate. As with Bouin, a 
relatively high number of collisions were recorded at this site. However, as observed data suggest a 
high proportion (69%) of birds flew at collision risk height, this site did not have particularly high 
leverage for the within-windfarm avoidance rates derived. However, using options 2 and 3, only 
4.5% of birds were predicted to fly at collision risk height, meaning the final within-windfarm 
avoidance rate derived for this site was relatively low. 
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Figure 5.1  Leverage exerted by each site at which within-windfarm avoidance rates were 


calculated on the overall, mean within-windfarm avoidance rate derived for black-
headed gull. Solid line indicates mean within-windfarm avoidance rate across all 
sites, broken line indicates mean within-windfarm avoidance rate across all sites ± 1 
standard deviation, dots indicate mean within-windfarm avoidance rate with each 
site excluded from analysis. Sites are considered to have high leverage when their 
exclusion from the analysis leads to a change of more than 1 standard deviation in 
the overall mean within-windfarm avoidance rate. Sites with high leverage are: 1 – 
Boudwijnkanaal, 2 – Bouin and 11 – Hellrigg in 2012/13.   
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Figure 5.2  Impact of dropping data points (each site-year-species combination) on the within-


windfarm avoidance rates derived using ratio estimators for options 1, 2 and 3 of 
the Band model for black-headed gull.  


 
As might be expected, dropping sites from the analysis can influence the final within-
windfarm avoidance rates. Only sites at which there is a relatively limited level of flight 
activity can be dropped from the analysis before the within-windfarm avoidance rates 
derived become less stable (Figure 5.1). In all three model options, this is noticeable after 
around 22,000 of the 746,668 flights through the windfarms have been removed (Figure 
5.2). 
 
Using option 1 of the Band model, the derived within-windfarm avoidance rate remains 
relatively stable at around 0.9795 until Bouin is the only site remaining in the analysis at 
which point it drops to around 0.9370. As discussed previously, this may reflect the fact that 
Bouin is located on the edge of a black-headed gull breeding colony, resulting in a higher 
number of collisions than were recorded elsewhere. In contrast, using options 2 and 3, 
within-windfarm avoidance rates start to increase after the first 22,000 flights have been 
dropped. Again, as discussed previously, this is likely to reflect the fact far fewer collisions 
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were predicted at several key sites due to differences in the predicted proportions of birds at 
collision risk height. As a consequence, as more sites are dropped from the analysis the 
influence of Bouin, previously identified as having a strong influence on the final derived 
values for options 2 and 3, becomes stronger.  


 


 
Figure 5.3  Impact of excluding sites with smaller turbines on the within-windfarm avoidance 


rates derived using ratio estimators for options 1, 2 and 3 of the Band model for 
black-headed gull.  


 
The inclusion of sites with smaller turbines did not appear to strongly influence the final within-
windfarm avoidance rates derived for black-headed gull using any of the three model options (Figure 
5.3). 
 
We consider within-windfarm avoidance rates of 0.9795 (± 0.0033 SD) for the basic Band model, and 
0.8731 (± 0.0056 SD) for the extended Band model to be realistic, precautionary values given the 
data available. Whilst we identified several sites as having a strong influence over the final values 
derived, we do not feel there is sufficient reason to exclude these data from our analysis. It should 
be noted that the influence of these sites occurs in similar magnitudes in both positive and negative 
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directions. The within-windfarm avoidance rates derived, especially for option 1, remain relatively 
stable regardless of which sites are included in the analysis. We did not identify any strong impact of 
turbine size on the final within-windfarm avoidance rate derived.  
 
Common gull 


 
A total of 841,008 common gulls were expected to have passed through three sites – Gneizdzewo 
(three studies), Kessingland (one study) and Hellrigg (two studies) – over the course of their 
respective study periods. After adjustments were made to this total to account for the proportion of 
birds flying at rotor height, the size of the rotor swept area and the probability of birds passing 
through the rotor-swept area without colliding, this was predicted to result in 3,405 collisions based 
on option 1 and 218 collisions based on option 2, and 129 based on option 3. However, in total only 
two common gull collisions were recorded across all sites during their respective study periods. This 
corresponds to within-windfarm avoidance rates of 0.9995 (± 0.0003 SD) using option 1 of the Band 
model, 0.9918 (± 0.0046 SD) using option 2 of the Band model and 0.9861 (± 0.0078 SD) using option 
3 of the Band model.  
 


 
Figure 5.4  Leverage exerted by each site at which within-windfarm avoidance rates were 


calculated on the overall, mean within-windfarm avoidance rate derived for 
common gull. Solid line indicates mean within-windfarm avoidance rate across all 
sites, broken line indicates mean within-windfarm avoidance rate across all sites ± 
standard deviation, dots indicate mean within-windfarm avoidance rate with each 
site excluded from analysis. Sites are considered to have high leverage when their 
exclusion from the analysis leads to a change of more than 1 standard deviation in 
the overall mean within-windfarm avoidance rate. Site with high leverage is 6 – 
Hellrigg in 2012/13. 


 
For all three model options, Hellrigg in 2012/13 appears to have a strong influence over the final 
within-windfarm avoidance rate derived (Figure 5.4). This is likely to reflect the fact that of the total 
number of common gulls estimated to have flown through windfarms, over 94% were estimated to 
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have flown through Hellrigg in this year. Despite this, no collisions were recorded involving common 
gulls at Hellrigg in 2012/13. As a result, excluding these data from our analyses results in an overall 
within-windfarm avoidance rate of 0.9680 for option 1 of the Band model, 0.9345 for option 2 of the 
Band model and 0.8865 for option 3 of the Band model. However, we do not feel it would be 
appropriate to exclude such a substantial portion of our data from the analysis in this way.  


  
Figure 5.5  Impact of dropping data points (each site-year-species combination) on the within-


windfarm avoidance rates derived using ratio estimators for options 1, 2 and 3 of 
the Band model for common gull.  


 


For all three model options, the within-windfarm avoidance rate derived using ratio estimators 
remains stable until the only site remaining in the analysis is Hellrigg in 2012/13 (Figure 5.5). As 
stated above, this is likely to reflect the extremely high leverage of this data point.  
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Figure 5.6  Impact of excluding sites with smaller turbines on the within-windfarm avoidance 


rates derived using ratio estimators for options 1, 2 and 3 of the Band model for 
common gull.  


 
Maximum tip height appeared to influence the within-windfarm avoidance rates reported, with 
lower within-windfarm avoidance rates associated with the tallest turbines (Figure 5.6). In reality, 
this is likely to reflect the fact that collisions were only recorded at Kessingland, the site with the 
largest turbines, and may, therefore, be coincidence.  
 
Whilst data from Hellrigg in 2012/13 have strong leverage, this must be considered in the context of 
the sheer number of flights that were estimated at the site in that year, and in combination with the 
fact that collisions involving common gulls were only recorded at one of the three study sites in a 
single year. We therefore feel that within-windfarm avoidance rates of 0.9995 (± 0.0003 SD) for the 
basic Band model and 0.9861 (± 0.0078 SD) for the extended Band model are likely to reflect 
realistic, precautionary within-windfarm avoidance rates for common gulls. Whilst we feel there is 
no valid reason to exclude the data from Hellrigg in 2012/13 from our analyses, we feel that its high 
leverage means that the final within-windfarm avoidance rates derived must be treated with 
caution.  
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Herring gull 


 


A total of 526,047 herring gulls were expected to have passed through seven sites – Avonmouth 
(four studies), Boudwijnkanaal (one study), Bouin (one study), Gneizdzewo (one study), Hellrigg (two 
studies), Kessingland (one study), Zeebrugge (three studies) – over the course of their respective 
study periods. After adjustments were made to this total to account for the proportion of birds flying 
at rotor height, the size of the rotor swept area and the probability of birds passing through the 
rotor-swept area without colliding, this was predicted to result in 2,157 collisions based on option 1, 
1,147 collisions based on option 2, and 957 based on option 3. However, in total only nine herring 
gull collisions were recorded across all sites during their respective study periods. This corresponds 
to within-windfarm avoidance rates of 0.9959 (±0.0006 SD) using option 1 of the Band model, 0.9924 
(±0.0010 SD) using option 2 of the Band model and 0.9908 (±0.0012 SD) using option 3 of the Band 
model.  
 


 
Figure 5.7  Leverage exerted by each site at which within-windfarm avoidance rates were 


calculated on the overall, mean within-windfarm avoidance rate derived for herring 
gull. Solid line indicates mean within-windfarm avoidance rate across all sites, 
broken line indicates mean within-windfarm avoidance rate across all sites ± 1 
standard deviation, dots indicate mean within-windfarm avoidance rate with each 
site excluded from analysis. Sites are considered to have high leverage when their 
exclusion from the analysis leads to a change of more than 1 standard deviation in 
the overall mean within-windfarm avoidance rate. Sites with high leverage are 2 – 
Bouin, 4 – Kessingland, 6 – Zeebrugge (June-July 2001), 7 – Zeebrugge (September-
October 2001) and 9 – Hellrigg (2012/13).) 


 
No obvious patterns were evident amongst the sites with high leverage (Figure 5.7). The exclusion of 
data from Kessingland and Zeebrugge (June-July 2001) from the analysis led to an increase in the 
overall within-windfarm avoidance rates as both these sites recorded two collisions over the course 
of their respective study periods. Whilst these were amongst the highest collision rates at the sites 
we considered, there is no evidence that turbine size played a role. Whilst the turbines at Zeebrugge 
were the smallest among our study sites, those at Kessingland were the largest. The exclusion of 
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Hellrigg (2012/13) and Zeebrugge (September-October 2001) led to a decrease in the overall within-
windfarm avoidance rates. This is likely to reflect the fact that whilst these data points represented 
the greatest numbers of birds passing through the sites, only two collisions were recorded at 
Zeebrugge (September-October 2001). It is worth noting that the magnitude of the effect of 
removing data from Zeebrugge was similar whether data from June-July 2001 or September-October 
2001 were removed, although the effect was in opposing directions direction. Based on these 
analyses, we did not feel it was appropriate to exclude any data points from our analysis when 
deriving an overall within-windfarm avoidance rate for herring gull.  
 


 
Figure 5.8  Impact of dropping data points (each site-year-species combination) on the within-


windfarm avoidance rates derived using ratio estimators for options 1, 2 and 3 of 
the Band model for herring gull.  


 
Dropping sites with lower levels of flight activity leads to an increase in the within-windfarm 
avoidance rates derived for herring gull using all three model options (Figure 5.8). Whilst ideally, 
within-windfarm avoidance rates would remain stable, regardless of the number of flights included 
in the analysis, it does suggest that the rates derived using the full dataset may be realistic, 
precautionary values.  
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Figure 5.9  Impact of excluding sites with smaller turbines on the within-windfarm avoidance 


rates derived using ratio estimators for options 1, 2 and 3 of the Band model for 
herring gull. 


 
Using option 1 of the Band model, there does not appear to be a relationship between turbine size 
and the within-windfarm avoidance rates derived using ratio estimators (Figure 5.9). However, in the 
case of options 2 and 3, there is a trend for lower within-windfarm avoidance rates with larger 
turbines. This apparent discrepancy is likely to reflect differences between the proportion of birds 
observed flying at collision risk height and the proportion of birds estimated to fly at collision risk 
height from generic distributions. The generic distributions estimated a lower proportion of birds 
flying at collision risk height for the larger turbines, meaning the predicted collision rate, and 
therefore overall within-windfarm avoidance rate, was reduced.   
 
We consider within-windfarm avoidance rates of 0.9959 (±0.0006 SD) for the basic Band model, and 
0.9908 (±0.0012 SD) for the extended Band model to be realistic, precautionary values given the 
data available. Whilst we identified several sites as having a strong influence over the final values 
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derived, we do not feel there is sufficient reason to exclude these data from our analysis. It should 
be noted that the influence of these sites occurs in similar magnitudes in both positive and negative 
directions. We did not identify any strong impact of turbine size on the final within-windfarm 
avoidance rate derived.  
 
Lesser black-backed gull 


 


A total of 101,745 lesser black-backed gulls were expected to have passed through three sites – 
Hellrigg (two studies), Kessingland (one study) and Zeebrugge (three studies) – over the course of 
their respective study periods. After adjustments were made to this total to account for the 
proportion of birds flying at rotor height, the size of the rotor swept area and the probability of birds 
passing through the rotor-swept area without colliding, this was predicted to result in 1,110 
collisions based on option 1,512 collisions based on option 2, and 473 based on option 3. However, 
in total only two lesser black-backed gull collisions were recorded across all sites during their 
respective study periods. This corresponds to within-windfarm avoidance rates of 0.9982 (±0.0005 
SD) using option 1 of the Band model, 0.9960 (±0.0010 SD) using option 2 of the Band model and 
0.9957 (±0.0011 SD) using option 3 of the Band model.  
 
 


 
Figure 5.10  Leverage exerted by each site at which within-windfarm avoidance rates were 


calculated on the overall, mean within-windfarm avoidance rate derived for lesser 
black-backed gull. Solid line indicates mean within-windfarm avoidance rate across 
all sites, broken line indicates mean within-windfarm avoidance rate across all sites ± 
1 standard deviation, dots indicate mean within-windfarm avoidance rate with each 
site excluded from analysis. Sites are considered to have high leverage when their 
exclusion from the analysis leads to a change of more than 1 standard deviation in 
the overall mean within-windfarm avoidance rate. Site with high leverage is 4 – 
Zeebrugge (September-October 2001).  


 
Data from all three model options indicated that Zeebrugge in September-October 2001 had a 
relatively high leverage on the final within-windfarm avoidance rates derived using ratio estimators 
(Figure 5.10). This is likely to reflect the fact that Zeebrugge in September-October 2001 had the 
highest levels of bird activity by some distance. Despite this, only a single collision was recorded over 
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the study period. Excluding these data from the analysis results in within-windfarm avoidance rates 
of 0.9878 using option 1, 0.9865 using option 2 and 0.9847 using option 3. However, we do not feel 
it is appropriate to exclude data in this way.  
 


 
Figure 5.11  Impact of dropping data points (each site-year-species combination) on the within-


windfarm avoidance rates derived using ratio estimators for options 1, 2 and 3 of 
the Band model for lesser black-backed gull.  


 
Using option 1 of the Band model to derive within-windfarm avoidance rates, values remain fairly 
stable regardless of the number of birds recorded flying through the study sites (Figure 5.11). Using 
options 2 and 3 the final value remains relatively stable until the first 6,000 flights have been 
removed. This is likely to reflect that fact that whilst a relatively high number of birds were predicted 
to have flown through the final two sites, only a single collision was recorded.  
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Figure 5.12  Impact of excluding sites with smaller turbines on the within-windfarm avoidance 


rates derived using ratio estimators for options 1, 2 and 3 of the Band model for 
lesser black-backed gull. 


 
Excluding smaller turbines did not appear to have a significant impact on the final within-windfarm 
avoidance rate derived for lesser black-backed gull using any of the three model options (Figure 
5.12).  
 
Whilst data from Zeebrugge in September-October 2001 had a relatively high leverage on the final 
within-windfarm avoidance rates derived, we did not feel there was a compelling reason to exclude 
these data from our analysis. Based on the data available for lesser black-backed gull, we consider 
within-windfarm avoidance rates of 0.9982 (±0.0005 SD) for the basic Band model and 0.9957 
(±0.0011 SD) for the extended Band model to be realistic, precautionary values given the data 
available. However, given the data come from only three sites and incorporate a relatively small 
number of flights through the windfarm, we feel these values should be treated with caution. Whilst 
we identified several sites as having a strong influence over the final values derived, we do not feel 
there is sufficient reason to exclude these data from our analysis. It should be noted that the 
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influence of these sites occurs in similar magnitudes in both positive and negative directions. We did 
not identify any strong impact of turbine size on the final within-windfarm avoidance rate derived.  
 


Small gulls 


 


A total of 1,589,953 small gulls were expected to have passed through eight sites over the course of 
their respective study periods. After adjustments were made to this total to account for the 
proportion of birds flying at rotor height, the size of the rotor swept area and the probability of birds 
passing through the rotor-swept area without colliding, this was predicted to result in 5,263 
collisions based on option 1,801 collisions based on option 2, and 427 based on option 3. However, 
in total only 42 small gull collisions were recorded across all sites during their respective study 
periods. This corresponds to within-windfarm avoidance rates of 0.9921 (±0.0015 SD) using option 1 
of the Band model, 0.9481 (±0.0032 SD) using option 2 of the Band model and 0.9027 (±0.0068 SD) 
using option 3 of the Band model.  
 


 


 
Figure 5.13  Leverage exerted by each site at which within-windfarm avoidance rates were 


calculated on the overall, mean within-windfarm avoidance rate derived for small 
gulls. Solid line indicates mean within-windfarm avoidance rate across all sites, 
broken line indicates mean within-windfarm avoidance rate across all sites ± 1 
standard deviation, dots indicate mean within-windfarm avoidance rate with each 
site excluded from analysis. Sites are considered to have high leverage when their 
exclusion from the analysis leads to a change of more than 1 standard deviation in 
the overall mean within-windfarm avoidance rate. Sites with high leverage are 1 – 
black-headed gull at Boudwijnkanaal in October 2015, 2 – black-headed gull at Bouin 
and 18 – common gull at Hellrigg in 2012/13. 


 
For all three model options, the exclusion of data from black-headed gull at Bouin results in an 
increased within-windfarm avoidance rate (Figure 5.13). This is likely to be due to the presence of 
the turbines on the edge of a black-headed gull breeding colony.  This may have led to a greater 
number of flights through the rotor-swept area of turbines by adult birds returning to provision 
chicks and/or newly fledged chicks less experienced at flying. As a result of the relatively high 
collision rate, including this site in our analysis reduced the overall rate derived using option 1. The 
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leverage of data from Hellrigg in 2012/13 was of a similar magnitude, but in the opposite direction. 
Despite having the highest level of small gull activity and a high proportion of birds flying at collision 
risk height, no collisions were recorded at this site, in this year. However, we did not consider there 
to be a valid reason for excluding these sites from our analysis. 
 
Using options 2 and 3, excluding data for black-headed gull from Boudwijnkanaal in October 2005 
also resulted in an increase in the overall within-windfarm avoidance rates. The reason for this 
differing from the results for option 1 is that the modelled flight height distribution predicts a lower 
proportion of birds at collision risk height. As a consequence, the predicted collision rate, and 
therefore the within-windfarm avoidance rate, is reduced.  
 


 
Figure 5.14  Impact of dropping data points (each site-year-species combination) on the within-


windfarm avoidance rates derived using ratio estimators for options 1, 2 and 3 of 
the Band model for small gulls.  


 


Within-windfarm avoidance rates derived using all three model options remain relatively stable as 
the first 160,000 flights through windfarms were dropped from the analysis (Figure 5.14), before 
increasing as only the sites with the highest levels of gull activity remain. This reflects the fact that at 
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several of the sites with the highest levels of gull activity, no collisions were recorded, resulting in an 
overall increase in the within-windfarm avoidance rates as other sites were dropped.  
 


 
Figure 5.15  Impact of excluding sites with smaller turbines on the within-windfarm avoidance 


rates derived using ratio estimators for options 1, 2 and 3 of the Band model for 
small gulls. 


 
Using option 1 of the Band model, there does not appear to be a relationship between turbine size 
and the within-windfarm avoidance rates derived using ratio estimators (Figure 5.15). However, in 
the case of options 2 and 3, there is a trend for higher within-windfarm avoidance rates with larger 
turbines. The reason for this discrepancy is unclear, although it may reflect differences in the 
proportion of birds at collision risk height between the observed data and modelled distributions.  
 


We consider within-windfarm avoidance rates of 0.9921 (±0.0015 SD) for the basic Band model, and 
0.9027 (±0.0068 SD) for the extended Band model to be realistic, precautionary values given the 
data available. Whilst we identified several sites as having a strong influence over the final values 
derived, we do not feel there is sufficient reason to exclude these data from our analysis. It should 
be noted that the influence of these sites occurs in similar magnitudes in both positive and negative 
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directions. We did not identify any strong impact of turbine size on the final within-windfarm 
avoidance rate derived using option 1 of the Band model.   
 


Large gulls 


 


A total of 639,560 large gulls were expected to have passed through seven sites – Avonmouth (four 
studies, one species), Boudwijnkanaal (two studies, two species), Bouin (one study, one species), 
Gniezdzewo (three studies, three species), Hellrigg (three studies, three species), Kessingland (one 
study, three species) and Zeebrugge (three studies, two species) – over the course of their respective 
study periods. After adjustments were made to this total to account for the proportion of birds flying 
at rotor height, the size of the rotor swept area and the probability of birds passing through the 
rotor-swept area without colliding, this was predicted to result in 3,368 collisions based on option 1, 
1,684 collisions based on option 2, and 1,452 based on option 3. However, in total only 42 large gull 
collisions were recorded across all sites during their respective study periods. This corresponds to 
within-windfarm avoidance rates of 0.9956 (±0.0004 SD) using option 1 of the Band model, 0.9912 
(±0.0007 SD) using option 2 of the Band model and 0.9898 (±0.0009 SD) using option 3 of the Band 
model.  
 


 
Figure 5.16  Leverage exerted by each site at which within-windfarm avoidance rates were 


calculated on the overall, mean within-windfarm avoidance rate derived for large 
gulls. Solid line indicates mean within-windfarm avoidance rate across all sites, 
broken line indicates mean within-windfarm avoidance rate across all sites ± 1 
standard deviation, dots indicate mean within-windfarm avoidance rate with each 
site excluded from analysis. Sites are considered to have high leverage when their 
exclusion from the analysis leads to a change of more than 1 standard deviation in 
the overall mean within-windfarm avoidance rate. Sites with high leverage are 2 – 
herring/lesser black-backed gull, Boudwijnkanaal (October 2005), 3 – herring gull, 
Bouin , 8 – herring gull, Kessingland, 11 – herring gull, Zeebrugge (June-July 2001), 
12 – herring gull, Zeebrugge (September-October 2001), 15 – lesser black-backed 
gull, Zeebrugge (September-October 2001), and 20 – herring gull, Hellrigg (2012/13). 


 
There is no obvious pattern to the sites which have high leverage over the final derived within-
windfarm avoidance rates (Figure 5.16). Excluding the data for herring/lesser black-backed gull at 
Boudwijnkanaal in October 2005, herring gull for Kessingland and herring gull for Zeebrugge in June-
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July 2001 results in an increase in the overall within-windfarm avoidance rate. The size of turbines at 
these sites varies from small (51 m maximum turbine height at Zeebrugge) to large (126 m  
maximum turbine height at Kessingland) so the inclusion of different sizes of turbines does not 
appear to have influenced the within-windfarm influencing avoidance rates derived. In contrast, the 
inclusion of date for herring gull and lesser black-backed gull at Zeebrugge in September-October 
2001 and for herring gull at Hellrigg in 2012/13 results in an increase in the overall within-windfarm 
avoidance rate derived. In these cases, the increase in the within-windfarm avoidance rates is likely 
to be linked to the relatively high activity levels at these sites and relatively low collision rates. We 
do not consider there to be a valid reason for excluding these sites from the analysis. 


 
Figure 5.17  Impact of dropping data points (each site-year-species combination) on the within-


windfarm avoidance rates derived using ratio estimators for options 1, 2 and 3 of 
the Band model for large gulls.  


 


Within-windfarm avoidance rates derived using all three model options remain relatively stable as 
the first 22,000 flights through windfarms are dropped from the analysis (Figure 5.17), before 
increasing as only the sites with the highest levels of gull activity remain. This reflects the fact that at 
several of the sites with the highest levels of gull activity, no collisions were recorded, resulting in an 
overall increase in the within-windfarm avoidance rates as other sites were dropped.  


0 2 4 6 8 10 12


0
.9


8
0


0
.9


8
5


0
.9


9
0


0
.9


9
5


1
.0


0
0


log (Number of Flights Dropped from Analysis)


A
v
o


id
a


n
c
e


 R
a


te


Option 1
Option 2
Option 3


Option 1
Option 2
Option 3







 


BTO Research Report No. 656 


September 2014 96 


 


 
 


 
Figure 5.18  Impact of excluding sites with smaller turbines on the within-windfarm avoidance 


rates derived using ratio estimators for options 1, 2 and 3 of the Band model for 
large gulls. 


 


Using option 1 of the Band model, there does not appear to be a relationship between turbine size 
and the within-windfarm avoidance rates derived using ratio estimators (Figure 5.18). However, in 
the case of options 2 and 3, there is a trend for lower within-windfarm avoidance rates with larger 
turbines. This apparent discrepancy is likely to reflect differences between the proportion of birds 
observed flying at collision risk height and the proportion of birds estimated to fly at collision risk 
height from generic distributions. The generic distributions estimated a lower proportion of birds 
flying at collision risk height for the larger turbines, meaning the predicted collision rate, and 
therefore overall within-windfarm avoidance rate, was reduced.   
 


We consider within-windfarm avoidance rates of 0.9956 (±0.0004 SD) for the basic Band model, and 
0.9898 (±0.0009 SD) for the extended Band model to be realistic, precautionary values given the 
data available. Whilst we identified several sites as having a strong influence over the final values 
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derived, we do not feel there is sufficient reason to exclude these data from our analysis. It should 
be noted that the influence of these sites occurs in similar magnitudes in both positive and negative 
directions. We did not identify any strong impact of turbine size on the final within-windfarm 
avoidance rate derived.  
 


All gulls 


 


A total of 2,567,124 gulls were expected to have passed through seven sites over the course of their 
respective study periods. After adjustments were made to this total to account for the proportion of 
birds flying at rotor height, the size of the rotor swept area and the probability of birds passing 
through the rotor-swept area without colliding, this was predicted to result in 10,052 collisions 
based on option 1, 4,054 collisions based on option 2, and 3,271 based on option 3. However, in 
total only 107 gull collisions were recorded across all sites during their respective study periods. This 
corresponds to within-windfarm avoidance rates of 0.9893 (±0.0007 SD) using option 1 of the Band 
model, 0.9735 (±0.0014 SD) using option 2 of the Band model and 0.9672 (±0.0018 SD) using option 
3 of the Band model.  


 
Figure 5.19  Leverage exerted by each site at which within-windfarm avoidance rates were 


calculated on the overall, mean within-windfarm avoidance rate derived for all gulls. 
Solid line indicates mean within-windfarm avoidance rate across all sites, broken line 
indicates mean within-windfarm avoidance rate across all sites ± 1 standard 
deviation, dots indicate mean within-windfarm avoidance rate with each site 
excluded from analysis. Sites are considered to have high leverage when their 
exclusion from the analysis leads to a change of more than 1 standard deviation in 
the overall mean within-windfarm avoidance rate. Sites with high leverage are 4 – 
black-headed gulls, Bouin, 5 – gull spp, Bouin, 28 – gull spp, Oosterbierum (autumn 
1990), 29 – gull spp, Oosterbierum (spring 1991), 35 – herring gull, Zeebrugge 
(September-October 2001), 38 – lesser black-backed gull in Zeebrugge (September-
October 2001), 46 – common gull, Hellrigg (2012/13).)  


 


For all three model options, excluding data for black-headed gulls at Bouin and gull spp at 
Oosterbierum in autumn 1990, results in an increase in the overall within-windfarm avoidance in the 
final derived within-windfarm avoidance rates (Figure 5.19). There are no obvious commonalities 
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between these sites. The turbines at Oosterbierum are relatively small with a maximum tip height of 
50 m, but those at Bouin are more typical of the sites in our study, with maximum tip heights of 100 
m. Using option 1, the exclusion of data from lesser black-backed gull at Zeebrugge in September-
October 2001 and common gull at Hellrigg in 2012/13 resulted in decreased within-windfarm 
avoidance rates. This is likely to reflect relatively high levels of bird activity in combination with very 
few recorded collisions at these sites, meaning they have a negative bias on the final, derived 
figures. This pattern was repeated for gull spp at Oosterbierum in spring 1991 and herring gulls and 
lesser black-backed gulls at Zeebrugge in September-October 2001 using options 2 and 3 and gull 
spp at Bouin using option 2.  
 
It should be noted that for all three model options, leverage occurred in both directions. We did not 
feel there was a valid justification for excluding any of these data points from our analysis. 
 


 
Figure 5.20  Impact of dropping data points (each site-year-species combination) on the within-


windfarm avoidance rates derived using ratio estimators for options 1, 2 and 3 of 
the Band model.  
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As might be expected, dropping sites from the analysis can influence the final within-windfarm 
avoidance rates. Only sites at which there is a relatively limited level of flight activity can be dropped 
from the analysis before the within-windfarm avoidance rates derived become less stable (Figure 
5.20). In all three model options, this is noticeable after around 22,000 of the 2,605,681 flights 
through the windfarms have been removed (Figure 5.20).  
 
Using option 1 of the Band model, dropping sites from the analysis results in an increase in the 
overall within-windfarm avoidance. This result suggests that, for option 1, a higher flux rate is 
associated with a higher within-windfarm avoidance rate. Collisions between birds and turbines are 
relatively rare events, so studies carried out over a month or two may under-estimate mean annual 
within-windfarm avoidance rates if they are targeted to specific times of year when collisions are 
more likely. Amongst our datasets, there was a propensity for studies carried out during the 
breeding season. At Zeebrugge, both herring and lesser black-backed gulls showed a marked 
increase in their within-windfarm avoidance rates during the autumn than during the breeding 
season. At present, data are not robust enough to enable detailed analysis of seasonal patterns in 
within-windfarm avoidance behaviour, but this is an area that would benefit from such analyses as 
better data become available.  
 
Initially a similar pattern is evident with option 3 of the Band model. However, when only the last 
few sites are included in the analysis, the final within-windfarm avoidance rates derived using ratio 
estimators start to fall (Figure 5.20). The decline is driven by breeding season data from Zeebrugge 
and Bouin, sites where turbines are situated close to the edge of breeding colonies. The reason the 
pattern is not evident in the within-windfarm avoidance rates derived using option 1 is the variation 
in the difference between the proportion of birds observed at rotor height in each study and those 
predicted to occur at rotor height based on the modelled flight height distribution. This is apparent 
when the differences between within-windfarm avoidance rates derived using options 1 and 2 are 
considered. Options 1 and 2 differ only in the proportion of birds predicted to fly at collision risk 
height. The proportion of birds estimated to fly at rotor height tended to be lower than the 
proportion of birds observed flying at rotor height (Appendix 7). As a result, the predicted collision 
rate, and therefore mean within-windfarm avoidance rate, was lower using option 2 than option 1. 
This difference becomes exaggerated under option 3 because, in addition to accounting for a lower 
proportion of birds flying at rotor height, fewer of these birds are predicted to collide.  
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Figure 5.21  Impact of excluding sites with smaller turbines on the within-windfarm avoidance 


rates derived using ratio estimators for options 1, 2 and 3 of the Band model for 
large gulls. 


 
Across all three model options there did not appear to be any consistent effect of excluding smaller 
data collected from sites with smaller turbines on the final within-windfarm avoidance rates derived 
(Figure 5.21).  
 
We consider that within-windfarm avoidance rates of 0.9893 (±0.0007 SD) for the basic Band model 
and 0.9672 (±0.0018 SD) for the extended Band model are realistic precautionary within-windfarm 
avoidance rates given the data available. Whilst we identified several sites as having a strong 
influence over the final values derived, we do not feel there is sufficient reason to exclude these 
data from our analysis. It should be noted that the influence of these sites occurs in similar 
magnitudes in both positive and negative directions. We did not identify any strong impact of 
turbine size on the final within-windfarm avoidance rate derived. 
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All terns 


 


A total of 1,286,562 terns were expected to have passed through one site – Zeebrugge – during June 
2004 and June 2005. After adjustments were made to this total to account for the proportion of 
birds flying at rotor height, the size of the rotor swept area and the probability of birds passing 
through the rotor-swept area without colliding, this was predicted to result in 1,408 collisions based 
on option 1, 1,299 collisions based on option 2, and 1,011 based on option 3. However, in total only 
21 tern collisions were recorded across all sites during their respective study periods. This 
corresponds to within-windfarm avoidance rates of 0.9851 (±0.0022 SD) using option 1 of the Band 
model, 0.9838 (±0.0031 SD) using option 2 of the Band model and 0.9792 (±0.0040 SD) using option 
3 of the Band model.  
 


 
Figure 5.22  Leverage exerted by each site at which within-windfarm avoidance rates were 


calculated on the overall, mean within-windfarm avoidance rate derived for terns. 
Solid line indicates mean within-windfarm avoidance rate across all sites, broken line 
indicates mean within-windfarm avoidance rate across all sites ± 1 standard 
deviation, dots indicate mean within-windfarm avoidance rate with each site 
excluded from analysis. Sites are considered to have high leverage when their 
exclusion from the analysis leads to a change of more than 1 standard deviation in 
the overall mean within-windfarm avoidance rate. Points with high leverage are 3 – 
Sandwich tern in June 2004, 4 – common tern in June 2005, 6 – Sandwich tern in 
June 2005. 


 
There was no obvious pattern in the data points with high leverage. Using all three model options, 
excluding common tern data from June 2005 was found to result in an increased within-windfarm 
avoidance rate, reflecting the relatively high collision rate involving this species in this year (Figure 
5.22). Using option 1, excluding Sandwich tern data from June 2005 resulted in a decrease in the 
within-windfarm avoidance rate derived. Using options 2 and 3 the same was true of Sandwich tern 
data in June 2004. This is likely to reflect the fact that relatively few collisions were recorded 
involving this species, despite a high flux rate. Differences between model options are likely to result 
from differences between the proportion of birds observed at collision risk height during surveys, 
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and that estimated from the modelled distributions. We do not consider there to be a valid reason 
to exclude any of these data from our analysis when deriving within-windfarm avoidance rates.  


 
Figure 5.23  Impact of dropping data points (each year-species combination) on the within-


windfarm avoidance rates derived using ratio estimators for options 1, 2 and 3 of 
the Band model for terns.  


 
Within-windfarm avoidance rates derived using all three model options remain relatively stable as 
the first 660,000 flights through windfarms are dropped from the analysis (Figure 5.23), before 
increasing as only the species with the highest levels of activity remain. This reflects the fact that 
Sandwich terns, the species with the highest levels of activity were involved in relatively few 
collisions, resulting in an overall increase in the within-windfarm avoidance rates as other species 
were dropped from the analysis.  
 
We consider that within-windfarm avoidance rates of 0.9851 (±0.0022 SD) for the basic Band model 
and 0.9792 (±0.0040 SD) for the extended Band model are realistic precautionary within-windfarm 
avoidance rates given the data available. Whilst we determined that some data points had a high 
level of leverage on the final values derived, we did not feel that there was sufficient justification for 
excluding them from our analysis. It should be noted that this leverage occurred in both positive and 
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negative directions. However, as data come from only a single site, it is unclear how transferable 
they are to novel sites.  
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6. SENSITIVITY ANALYSIS 


Within windfarm avoidance rates can be derived from sites at which estimates of collision rates and 
bird activity are available using the parameters listed in Table 6.1 and following equation 6 (see 
section 3.1). However, many of these parameters are incorporated into the calculations as mean 
values, or a range of values, and others must be estimated. Therefore, in order to understand how 
transferable these values may be between different models and situations, it is important to 
understand how sensitive the final avoidance rates are to each of the model input parameters. If 
avoidance rates are found to be highly sensitive to variation in one or more of the input parameters, 
it may raise questions about whether or not it is appropriate to apply the avoidance rates derived to 
novel sites.  
 
For this reason, we assess the sensitivity of each of the avoidance rates presented in Appendix 7 to 
different input parameters. These parameters include corpse correction factors used to correct for 
the efficacy of corpse searches (observed collision rate in eq. 6), which will be influenced by 
scavenger behaviour and searcher efficiency, and estimates of the number of birds passing through 
a windfarm over a given period of time (flux rate in eq. 6). They also include parameters used to 
calculate collisions in the absence of avoidance behaviour (Pcoll in eq. 6) including bird behavioural 
parameters such as flight speed and altitude, and turbine parameters such as rotor speed and pitch.  
 
Avoidance may also be sensitive to a range of additional factors which cannot be easily quantified. 
These include time of day, weather, proximity to breeding colonies or overlap with migration routes 
and the size of the turbines concerned. We use a brief literature review to consider how each of 
these factors may influence the avoidance rates we derive.  
 
6.1 Avoidance rates derived using the basic Band model (options 1 and 2) 


 


The variables used to estimate Pcoll, the first step to deriving an avoidance rate, are subject to 
differing levels of uncertainty. Some, such as rotor diameter, blade width and turbine height are 
fixed and are, therefore, known quantities with very little, if any, uncertainty surrounding them. 
Others, such as rotor speed and pitch and aspects of bird behaviour, such as flight speed and altitude 
and the propensity to fly upwind or downwind are subject to a greater degree of uncertainty. As part 
of the sensitivity analysis, we focus on the parameters which are not fixed and, therefore, subject to 
varying degrees of uncertainty, in order to determine what influence the inaccurate estimation of 
each of these parameters has on the final derived avoidance rates. Whilst the focus of much of the 
interest in collision risk modelling has been on avoidance rates, it is actually 1-avoidance rate, or the 
non-avoidance rate which is applied in the final step of the Band collision risk model (Band pers. 


comm., Masden et al. in prep). For this reason, we focus our sensitivity analysis on this factor, rather 
than the avoidance rate. 
 
For each of the sites and species combinations presented in Appendix 7 at which collisions were 
recorded, we consider the impact that a 10% increase (following Chamberlain et al. 2006) in each of 
rotor speed, rotor pitch, bird flight speed, flux rate and the proportion of flights upwind would have 
on the avoidance rates derived using option 1. In addition, we also consider the influence of a 10% 
increase in corpse detection rate. 
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Table 6.1  Input parameters for the Band (basic and extended model) 
 


Parameter Sensitivity assessed 


Species name No 
Bird length No 
Wingspan No 
Flight speed Yes – 10% increase considered following Chamberlain et al. (2006) 
Nocturnal activity 
factor (1-5) 


Considered as part of increase in flux rate 


Flight type, flapping or 
gliding 


No – Seabirds most likely to engage in flapping flight, which is the higher 
risk activity 


Daytime bird density Yes – considered as part of increase in flux rate 
Proportion at rotor 
height 


Yes – 10% increase in birds flying at risk height considered for basic 
model, 200 randomly simulated distributions considered for the extended 
model 


Proportion of flights 
upwind 


Yes – 10% increase in the proportion of birds flying upwind considered 


Name of windfarm site No – Fixed parameter 
Latitude No – Fixed parameter 
Number of turbines No – Fixed parameter 
Width of windfarm No – Fixed parameter 
Tidal offset No – Suitable datasets were only available for onshore windfarms 
Turbine model No – Fixed parameter 
No. of blades No – Fixed parameter 
Mean rotation speed Yes – 10% increase considered following Chamberlain et al. (2006) 
Rotor radius No – Fixed parameter 
Hub height No – Fixed parameter 
Monthly proportion of 
time operational 


Yes – considered as part of increase in flux rate 


Max blade width No – Fixed parameter 
Pitch Yes – 10% increase considered following Chamberlain et al. (2006) 
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6.1.1  Sensitivity to the assumed flux rate at the windfarm 


 


 


 
Figure 6.1  Sensitivity of non-avoidance rates for each species and site in Appendix 7 at which a 


collision was recorded and derived using the basic Band model, to the assumed flux 
rate at each site. Blue dots indicate the non-avoidance rate derived assuming the 
flux rate presented in Appendix 7, red dots indicate the non-avoidance rate derived 
assuming a 10% increase in the flux rate at each site.  


 
Bird flux rate is an estimate of the total number of birds passing through the windfarm when it is 
operational. As such, it combines estimates of the number of birds recorded within the windfarm, 
the proportion of birds at collision risk height, corrections for nocturnal activity and an estimate of 
the monthly proportion of time it is operational. An increase in the flux rate derived at each site 
results in a decrease in the derived non-avoidance rates (Figure 6.1). This is because, whilst the 
observed number of collisions remains constant, the number of birds passing through the windfarm 
increases, meaning that a greater proportion of them are assumed to have avoided collision. These 
changes are approximately inversely proportional to the increase in the numbers of birds passing 
through the site. A comparison of the mean non-avoidance rates based on the flux rate presented in 
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Appendix 7, with the mean non-avoidance rates assuming a 10% increase in this flux rate suggests 
that such an increase may result in a 9.1% decrease in the non-avoidance rate.  
 


6.1.2  Sensitivity to the corpse detection rate at the windfarm 


 


 
Figure 6.2  Sensitivity of non-avoidance rates for each species and site in Appendix 7 at which a 


collision was recorded and derived using the basic Band model, to the assumed 
corpse detection rate at each site. Blue dots indicate the non-avoidance rate derived 
assuming the number of collisions presented in Appendix 7, red dots indicate the 
non-avoidance rate derived assuming a 10% increase in the number of collisions 
detected at each site.  


 


During the search for collision victims, corpses may be missed either as a result of searcher 
inefficiency, or through the removal of carcasses by predators (Winkelman 1992). As a result it is 
often necessary to correct observed collision rates to account for these missing corpses. Assuming 
an increase in the total number of victims leads to an increase in the derived non-avoidance rate 
because the total number of birds passing through the windfarm remains constant and it is assumed 
a higher proportion of them collide with the turbines. These increases in the non-avoidance rate are 
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proportional with the increase in corpse detection (Figure 6.2), with a 10% correction in the number 
of collisions to account for a failure to detect corpses resulting in 10% increase in the non-avoidance 
rate. 
 
6.1.3  Sensitivity to the proportion of birds flying upwind 


 


 
Figure 6.3  Sensitivity of non-avoidance rates for each species and site in Appendix 7 at which a 


collision was recorded and derived using the basic Band model, to the proportion of 
birds flying upwind at each site. Blue dots indicate the non-avoidance rate derived 
assuming the number of collisions presented in Appendix 7, red dots indicate the 
non-avoidance rate derived assuming a 10% increase in the proportion of birds flying 
upwind detected at each site.  


 


A 10% change to the proportion of birds flying upwind resulted in a small decrease in the derived 
non-avoidance rates (Figure 6.3) of 1.17%. These results suggest that the proportion of birds 
estimated to fly up or downwind has a relatively small effect on the final, derived non-avoidance 
rate.  
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6.1.4  Sensitivity to the mean turbine rotor speed  


 


 
Figure 6.4  Sensitivity of non-avoidance rates for each species and site in Appendix 7 at which a 


collision was recorded and derived using the basic Band model, to the turbine rotor 
speed at each site. Blue dots indicate the non-avoidance rate derived assuming the 
number of collisions presented in Appendix 7, red dots indicate the non-avoidance 
rate derived assuming a 10% increase in the turbine rotor speed at each site.  


 


A 10% increase in the mean turbine rotor speed assumed typically resulted in a decrease in the 
derived non-avoidance rates of approximately 5.5% (Figure 6.4). The reason for this decrease is that 
as the rotor speed increases, the time available for a bird to pass through unharmed decreases, 
meaning that the predicted collision rate increases whilst the recorded number of collisions remains 
constant. Based on the turbines we considered, a 10% increase in mean rotor speed reflects an 
increase of between 1 and 4 rotations per minute. Published data from turbine manufacturers 
(http://www.4coffshore.com/) suggests the range of operational speeds for turbines is like to vary 
by between 5 and 15 rpm. As such, the increase in rotation speed we consider may be somewhat 
conservative but, without more detailed curves showing the range of operational speeds used by 
different turbines, assessing this is difficult.  
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6.1.5  Sensitivity to the turbine pitch 


 


 
Figure 6.5  Sensitivity of non-avoidance rates for each species and site in Appendix 7 at which a 


collision was recorded and derived using the basic Band model, to the turbine pitch 
at each site. Blue dots indicate the non-avoidance rate derived assuming the 
number of collisions presented in Appendix 7, red dots indicate the non-avoidance 
rate derived assuming a 10% increase in the turbine pitch at each site.  


 
A 10% change in the assumed turbine pitch resulted in a fairly negligible decrease in the derived 
non-avoidance rates (Figure 6.5) of 0.2%. Our calculations were based on an assumption of a 10˚ 
pitch for each turbine, so a 10% increase reflects an 11˚ pitch. Available data describing the pitch of 
operational turbines are extremely limited. As a consequence, it is not possible to determine how 
well these values reflect reality at operational turbines.   
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6.1.6  Sensitivity to the bird flight speed  


 
Figure 6.6  Sensitivity of non-avoidance rates for each species and site in Appendix 7 at which a 


collision was recorded and derived using the basic Band model, to the bird flight 
speed at each site. Blue dots indicate the non-avoidance rate derived assuming the 
number of collisions presented in Appendix 7, red dots indicate the avoidance rate 
derived assuming a 10% increase in the bird flight speed at each site.  


 


A 10% increase in the assumed bird flight speed resulted in an increase in the derived non-avoidance 
rates (Figure 6.6) of 5.5%. This increase reflects the fact that the faster a bird passes through the 
rotor swept-area, the less likely it is to be hit. As a result an increase in flight speed results in a 
decrease in the predicted number of collisions whilst the observed number of collisions remains 
constant. For our study species a 10% increase in flight speed reflects an increase of 1-1.3 m/s. 
Alerstam et al. (2007) suggest that the standard deviations around the mean flight speeds for our 
study species are in the region of 1-2 m/s, suggesting that a 10% increase in flight speed may be a 
realistic, precautionary assumption.   
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6.1.7  Basic Band model sensitivity conclusions 


 
Figure 6.7  Sensitivity of derived non-avoidance rates derived using the basic Band model to a 


10% increase in each of the Band model parameters. 
 
Of the parameters considered, the final derived non-avoidance rates were most sensitive to flux rate 
and the corpse correction (Figure 6.7). An increase in the flux rate meant that the predicted collision 
rate increased, whilst the observed collision rate remained constant (see eq. 6, section 3.1); as a 
consequence, the non-avoidance rate decreased in response to an increase in the flux rate. For 
similar reasons, an increase in the number of corpses detected resulted in an increase in the non-
avoidance rate derived. The impacts of assumed rotor speed and bird speed on the derived non-
avoidance rates were of a similar magnitude, but in opposite directions. An increased assumed rotor 
speed results in a decreased non-avoidance rate because faster turbines result in an increased risk of 
collision. As a consequence, a faster rotor speed would result in an increase in the predicted collision 
rate, whilst the observed collision rate remains constant. This results in a decrease in the non-
avoidance rate. In contrast, an increase in the assumed speed of the birds passing through the rotor 
swept area of a turbine decreases the risk of collision. As a consequence, the predicted collision rate 
decreases and, for the reasons stated above, the non-avoidance rate derived increases. Whilst 
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increases in both the assumed pitch and the proportion of flights upwind resulted in decreases in the 
derived non-avoidance rates, the impact of both parameters was negligible.  
 


6.2 Avoidance rates derived using the extended Band model (option 3) 


 
In addition to the variables described above (section 6.1), non-avoidance rates derived using the 
extended Band model are also likely to be sensitive to the assumed flight height distributions. 
Collision risk is not evenly distributed within the rotor swept area of turbines, and is greatest 
towards the centre of the rotor disk. The extended Band model makes use of flight height 
distributions, such as those derived by Johnston et al. (2014a) to account for this variable risk. 
However, as these are continuous distributions, it is not appropriate to simply assume, for example, 
that an additional 10% of birds fly at rotor height as this will have implications for the overall shape 
of the distribution. Therefore, in addition to the parameters considered for the basic Band model, 
for each species/site combination we consider, we use 200 random distributions estimated following 
the methodology of Johnston et al. (2014a) to investigate sensitivity to the assumed distribution 
(Figure 6.8). It is important to note that by comparing between different distributions, the outputs of 
the sensitivity analysis will not be strictly comparable to the outputs of the sensitivity analyses 
described above. 


 
Figure 6.8  200 Random flight height distributions estimated for each of eider, black-headed 


gull, herring gull, common tern and Sandwich tern, species for which avoidance 
rates could be derived from a combination of recorded collisions and recorded levels 
of bird activity, using the methodology set out in Johnston et al. (2014a) and used to 
assess the sensitivity of derived avoidance rates to the assumed flight height 
distribution.  
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6.2.1  Sensitivity to assumed flight height distribution 


 
Figure 6.9  Sensitivity of non-avoidance rates derived for each species and site in Appendix 7 at 


which a collision was recorded and derived using the extended Band model, to the 
assumed flight height distribution at the site. Blue dots indicate the mean non-
avoidance rate values derived from 200 random flight height distributions at each 
site, red lines indicate the standard deviation around these values, actual values 
shown alongside plot.   


 


The sensitivity of the derived non-avoidance rates to different flight height distributions appears to 
be highly variable (Figure 6.9). The greatest sensitivity appears to occur where derived non-
avoidance rates are highest. This relationship is likely to reflect the level of activity at any given site. 
For example, consider two sites, at the first of which 1 flight out of 100 at rotor height results in a 
collision and at the second of which 1 flight out of 1000 results in a collision. If the estimate of the 
proportion of birds flying at rotor height increases at each site by 10%, whilst the recorded number 
of collisions remains constant, this becomes 1 flight out of 110 at the first site and 1 flight out of 
1,100 at the second. At the first site the non-avoidance rate decreases from 0.0100 to 0.0091, whilst 
at the second it decreases from 0.0010 to 0.0009. The overall decrease is therefore greater at the 
first site, with the lower level of flight activity.  
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6.2.2  Sensitivity to the assumed flux rate at the windfarm 


 
Figure 6.10  Sensitivity of non-avoidance rates derived for each species and site in Appendix 7 at 


which a collision was recorded and derived using the extended Band model, to the 
assumed flux rate at each site. Blue dots indicate the non-avoidance rate derived 
assuming the flux rate presented in Appendix 7, red dots indicate the non-avoidance 
rate derived assuming a 10% increase in the flux rate at each site. % change in the 
non-avoidance rates following a 10% increase in flux rate shown alongside graph.  


 
Bird flux rate is an estimate of the total number of bird passing through the windfarm when it is 
operational. As such, it combines estimates of the number of birds recorded within the windfarm, 
corrections for nocturnal activity and an estimate of the monthly proportion of time it is operational. 
An increase in the flux rate derived at each site results in a decrease in the derived non-avoidance 
rates (Figure 6.10). This is because, whilst the observed number of collisions remains constant, the 
number of birds passing through the windfarm increases, meaning that a greater proportion of them 
are assumed to have avoided collision. These decreases are roughly inversely proportional to the 
increase in flux rate, although in contrast to the case of the basic Band model, this value will vary 
across sites as a consequence of the different height distributions assumed. A comparison of the 
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mean avoidance rates based on the flux rate presented in Appendix 7, with the mean avoidance 
rates assuming a 10% increase in this flux rate suggests that such an increase may result in a mean 
8.73% decrease in the non-avoidance rate.  
 


6.2.3  Sensitivity to the corpse detection rate at the windfarm 


 
Figure 6.11  Sensitivity of non-avoidance rates for each species and site in Appendix 7 at which a 


collision was recorded and derived using the extended Band model, to the assumed 
corpse detection rate at each site. Blue dots indicate the non-avoidance rate derived 
assuming the number of collisions presented in Appendix 7, red dots indicate the 
non-avoidance rate derived assuming a 10% increase in the number of collisions 
detected at each site. % change in the non-avoidance rates following a 10% increase 
in the number of collisions detected shown alongside graph.  
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inefficiency, or through the removal of carcasses by predators (Winkelman 1992). As a result it is 
often necessary to correct observed collision rates to account for these missing corpses. Assuming 
an increase in the total number of victims leads to an increase in the derived non-avoidance rate 
because the total number of birds passing through the windfarm remains constant and it is assumed 
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a higher proportion of them collide with the turbines (Figure 6.11). This increase is broadly 
proportional with the increase in the flux rate across sites, with a mean 10.43% increase in the non-
avoidance rate following a 10% increase in the flux rate.  
 


6.2.4  Sensitivity to the proportion of birds flying upwind 


 
Figure 6.12  Sensitivity of non-avoidance rates derived for each species and site in Appendix 7 at 


which a collision was recorded and derived using the extended Band model, to the 
proportion of birds flying upwind at each site. Blue dots indicate the non-avoidance 
rate derived assuming 50% of birds flying upwind, red dots indicate the avoidance 
rate derived assuming a 10% increase in the proportion of birds flying upwind at 
each site. % change in the non-avoidance rates following a 10% increase in the 
proportion of birds flying upwind shown alongside graph.  


 


A 10% change to the proportion of birds flying upwind resulted in a fairly negligible decrease in the 
derived avoidance rates (Figure 6.12). The % increases were typically <1%, and across all sites a 10% 
increase in the proportion of birds flying upwind resulted in a decrease in the non-avoidance rate of 
approximately 0.97%. These results suggest that the proportion of birds estimated to fly up or 
downwind has a negligible effect on the final, derived non-avoidance rate.  
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6.2.5  Sensitivity to the turbine rotor speed  


 
 


Figure 6.13  Sensitivity of non-avoidance rates derived for each species and site in Appendix 7 at 
which a collision was recorded and derived using the extended Band model, to the 
turbine rotor speed. Blue dots indicate the non-avoidance rate derived based on the 
rotor speed values presented in Appendix 7, red dots indicate the non-avoidance 
rate derived assuming a 10% increase in these rotor speeds. % change in the non-
avoidance rates following a 10% increase in the turbine rotor speed shown alongside 
graph.  


 


A 10% increase in the assumed turbine rotor speed typically resulted in a decrease in the derived 
non-avoidance rates (Figure 6.13). Across all sites a 10% increase in the rotor speed resulted in a 
decrease in the non-avoidance rate of approximately 6.45%.  
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6.2.6  Sensitivity to the turbine pitch  


 
Figure 6.14  Sensitivity of non-avoidance rates derived for each species and site in Appendix 7 at 


which a collision was recorded and derived using the extended Band model, to the 
turbine pitch. Blue dots indicate the non-avoidance rate derived based on the rotor 
speed values presented in Appendix 7, red dots indicate the non-avoidance rate 
derived assuming a 10% increase in the pitch. % change in the non-avoidance rates 
following a 10% increase in the turbine rotor speed shown alongside graph.  


 


A 10% change in the assumed turbine pitch resulted in a fairly negligible decrease in the derived 
non-avoidance rates (Figure 6.14). The % decreases were typically <1%, and across all sites a 10% 
increase in the turbine pitch resulted in a decrease in the non-avoidance rate of approximately 
0.21%.  
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6.2.7  Sensitivity to the bird flight speed  


 
Figure 6.15  Sensitivity of non-avoidance rates derived for each species and site in Appendix 7 at 


which a collision was recorded and derived using the extended Band model, to the 
bird flight speed. Blue dots indicate the non-avoidance rate derived based on the 
bird flight speed values presented in Table 5.4, red dots indicate the non-avoidance 
rate derived assuming a 10% increase in the bird flight speed. % change in the non-
avoidance rates following a 10% increase in the bird flight speed shown alongside 
graph.  


 


A 10% increase in the assumed bird flight speed typically resulted in an increase in the derived non-
avoidance rates (Figure 6.15). Across all sites a 10% increase in the bird flight speed resulted in an 
increase in the non-avoidance rate of approximately 7.31%.  
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6.2.8  Extended Band model sensitivity conclusions 


 


 
Figure 6.16  Sensitivity of non-avoidance rates derived using the extended Band model to Band 


model parameters. Sensitivity to flight height distribution is assessed by considering 
the standard deviation calculated from non-avoidance rates derived using 200 
randomly simulated flight height distributions and sensitivity to the remaining 
parameters is derived from a 10% increase in the values presented in Appendix 7 
and Table 5.4. 


 


Of the parameters considered, the derived non-avoidance rates appear to be most sensitive to the 
assumed flight height distribution (Figure 6.16). However, the assessment of sensitivity for this 
parameter is not strictly comparable to that for the other parameters as it is not possible to make a 
simple assumption about a change in a continuous distribution in the same way it is about a change 
in, for example, rotor speed  or bird numbers. Furthermore, the magnitude of the sensitivity in this 
parameter may be strongly influenced by 11 of the 45 data points, for which there was particularly 
high variation around the mean values (Figure 6.9). On closer examination, this variation appears to 
be strongly linked to sites with relatively low levels of bird activity (Figure 6.17).  
 
Of the remaining parameters, the derived non-avoidance rates were most sensitive to changes in the 
flux rate at the windfarm (the number of birds passing through over the course of the study period) 
and the accuracy with which corpses were detected. Both rotor speed and bird speed also appeared 
to have a moderate influence on the derived non-avoidance rates (Figure 6.18). The sensitivity of the 
non-avoidance rates to the input parameters appeared to be relatively consistent between option 1 
and option 3.  
 
Sensitivity to each parameter also appeared to be strongly linked to the number of birds estimated 
flying through each monitored windfarm (Figures 6.10 and 6.17). As the number of birds passing 
through a site increases, the sensitivity of the derived non-avoidance rates to each of the model 
parameters, including the assumed flight height distribution, drops markedly. This finding is 
consistent with that of Douglas et al. (2012) who found that the sensitivity of predicted collision 
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rates to input parameters dropped as the quantity of observational data increased. In the case of 
sensitivity to the assumed flight height distributions used, at sites where flight activity is greatest, 
the derived avoidance rates have a similar level of variability to this and to other parameters. This is 
because for two sites where similar numbers of collisions are recorded, but at which the levels of 
bird activity differ, the non-avoidance rate will be higher at the site with the lowest level of bird 
activity. As a consequence, where an identical change occurs at both sites, the total change in the 
non-avoidance rate will be greatest at the site with the lowest level of bird activity.  


 
Figure 6.17 Sensitivity of the non-avoidance rate derived using option 3 of the Band model to 


the assumed flight height distribution.  
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Figure 6.18  Sensitivity of non-avoidance rates derived using option 3 of the Band model to a 


10% increase in each of the following parameters – flux rate, corpse detection, 
proportion of flights upwind, rotor speed, pitch and bird speed.  


 


6.3 Sensitivity analysis conclusions 


 


Avoidance rates derived using both the extended and basic Band models were sensitive to 
uncertainty surrounding the flux rate, corpse correction factor, rotor speed and bird speed. Whilst 
we considered a 10% increase in each of these parameter values to test the sensitivity of the models 
to the underlying assumptions, it would be valuable to consider how this compares to the actual 
range in each of these parameters experienced at each site. This would enable us to better quantify 
the uncertainty surrounding the derived avoidance rates. However, such an analysis would be 
complex, especially given that some parameters may co-vary, or be influenced by factors not 
included in the model, for example, both rotor speed and bird speed are likely to be influenced by 
wind speed. Such an analysis would be beyond the scope of this project and has not been considered 
here.  
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6.4 Sensitivity to other external factors 


 


6.4.1  Weather 


 


The flight behaviour of birds may be strongly influenced by weather conditions. However, much of 
the research on this subject has been carried out in relation to migration (e.g. Larkin & Thompson 
1980, Gauthreaux 1991, Zehnder et al. 2001, Dokter et al. 2011). Weather is likely to influence 
avoidance behaviour in two ways. Firstly, by reducing visibility, making it harder to detect hazards 
and, therefore, increasing the risk of collision and, secondly, by affecting the manoeuvrability of 
birds as a result of strong winds or the presence of thermals (Spear & Ainley 1997, Shamoun-Baranes 
et al. 2006, Shamoun-Baranes & van Loon 2006).    
 
Increases in the numbers of recorded collisions between birds and wind turbines, or other man-
made objects, have been widely reported following periods of dull, overcast weather (Crawford 
1981, Winkelman 1992, Bevanger 1994). This is likely to be because poor visibility reduces the ability 
of birds to detect turbines, and may lead to them becoming disorientated (Williams et al. 1974, Able 
1982, Richardson 1990). As a result, the avoidance rates of individual birds are likely to be lower 
during periods of poor visibility. However, data used for collision risk modelling are based on the 
abundance of birds in flight within the windfarm, during conditions with good visibility (Camphuysen 
et al. 2004).  
 
In contrast, there is some, limited, evidence that some bird species may be more likely to forage 
inland, and less likely to fly during periods of poor visibility (Williams et al. 1974, Pinder 1989), 
reducing the number of birds in flight within the windfarm in comparison to baseline survey data 
used in collision risk modelling. Such a potential reduction in the number of birds in flight needs to 
be factored into the avoidance rates used in collision risk modelling.  
 
As a result, it is unclear as to the extent to which conditions with poor visibility may affect the 
avoidance rates necessary for use in offshore windfarms. To understand the potential importance of 
this, it is necessary to quantify the proportion of birds likely to be in flight, at sea when visibility is 
poor. Data collected using modern GPS tags has the potential to answer this problem and also 
inform on nocturnal flight activity.  
 
Wind speed and direction both influence bird flight behaviour (e.g. Spear & Ainley 1997, Safi et al. 


2013), within potential implications for avoidance rates. At onshore windfarms, birds have been 
observed to exhibit less risky flight behaviour during periods of increasing wind (Barrios & Rodriguez 
2004). During periods of strong winds, Krijgsveld et al. (2011) noted a decrease in the number of 
birds in flight around Egmond aan Zee during periods of strong wind. However, as these data were 
collected using radar, they emphasise that these observations may reflect increased clutter from 
waves, rather than a decrease in the total number of birds.  
 
Studies have demonstrated that birds make use of wind conditions to minimise the energetic cost of 
flight and optimise the trade-off between the maximum range they can reach and the energy they 
expend in reaching it (Williams et al. 1974, Spear & Ainley 1997, de Lucas et al. 2012). They achieve 
this in two ways. Firstly, birds fly faster into headwinds than tail or crosswinds (Tucker & Schmidt-
Koenig 1971, Larkin & Thompson 1980, Wakeling & Hodgson 1992, Spear & Ainley 1997). This would 
lead to a decrease in the avoidance rates derived above, as the probability of a bird colliding with a 
turbine would be reduced, reducing the ratio of predicted to observed collisions (see sections 6.1.6 
and 6.2.7). Secondly, during stronger winds, birds have a tendency to fly more slowly (Larkin & 
Thompson 1980, Spear & Ainley 1997). This would lead to an increase in the avoidance rates derived 
above, as the probability of a bird colliding with a turbine would be increased, increasing the ratio of 
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predicted to observed collisions (see sections 6.1.6 and 6.2.7). As with the influence of visibility, the 
relative importance of wind direction and speed on avoidance behaviour is hard to quantify. The 
situation is further complicated as birds may be less likely to fly during periods of heavy wind 
(Stienen et al. 2000). Again, the growth of modern tracking technology has the potential to help 
address some of these issues. 
  
6.4.2  Habitat use 


 


The avoidance behaviour of birds in relation to an offshore windfarm may relate to how the habitat 
surrounding the turbines is used – for example, are turbines close to a breeding colony, are turbines 
situated on a commuting route, or are turbines situated on a key foraging area. Varying responses to 
the surrounding habitat are likely to manifest themselves in different flight modes, and these 
different flight modes are likely to have different levels of collision risk associated with them (Martin 
2010, 2011). When foraging or searching for roost sites and conspecifics, birds can considerably 
reduce their detection of obstacles, and therefore increase their risk of collision, by moving their 
heads vertically (Martin & Shaw 2010).  Collision risk at turbines surrounding colonies, as was the 
case for several of the sites included in our review, may therefore be inflated by birds arriving at the 
colony searching for their nests. Collision risk at breeding colonies may be further inflated by the 
display flights undertaken by males at the start of the breeding season (May et al. 2013) and by the 
presence of young birds, whose flight behaviour may place them at greater risk of collision 
(Henderson et al. 1996) at the end of the breeding season.  
 
It is unclear whether foraging may confer a greater collision risk than searching for conspecifics on 
arrival at breeding colonies. It is, therefore, difficult to say with any certainty whether birds foraging 
within the area of offshore windfarms may be at lesser or greater risk of collision than those 
returning to breeding colonies and searching for conspecifics. However, when at sea, species such as 
northern gannets may restrict their foraging behaviour to relatively discrete areas (Hamer et al. 


2009, Pettex et al. 2010). Therefore, the majority of the area covered at sea is likely to fall within the 
less risky category of commuting flights. As a consequence, relying on avoidance rates derived from 
turbines next to breeding colonies, such as those at Bouin and Zeebrugge, for birds at sea is likely to 
result in an overestimate of the true risk of collision. New technology, for example camera-loggers 
(e.g. Votier et al. 2013), has the potential to help gain a better understanding of collision risk at sea 
both by revealing more details about activity budgets, and also by allowing quantification of the 
proportion of flight time spent by birds looking straight ahead, and therefore at less risk of collision, 
as opposed to looking below.  
 
6.4.3 Turbine Size 


 
Initial analyses suggested that there was no strong relationship between turbine size and the 
avoidance rates derived for each of the species and groups we considered in our review (see section 
5.3.3.2). Plots of avoidance rate against maximum turbine tip height appear to support this 
conclusion (Figure 6.19). 
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Figure 6.19 Relationship between maximum rotor tip height and the avoidance rate derived 


using option 1 of the Band model for all gulls.  
 
6.4.4  Seasonality 


 


Our analysis of the data from Zeebrugge present limited evidence that there may be a seasonal 
aspect to collision risk (see Section 5.1). These data suggest that avoidance rates may be higher in 
the autumn than in the breeding season. This may be related to two factors. Firstly the presence of 
younger, inexperienced birds which may have riskier flight behaviour (e.g. Henderson et al. 1996). 
Secondly, given that several of our study sites were located on the edge of breeding colonies, it may 
be that during the breeding season birds arriving at colonies focus on locating their nests and are 
therefore less likely to see turbines, increasing the collision risk.  
 
6.4.5  Applicability of avoidance rates between species 


 


Avoidance rates are likely to be linked to a bird’s ability to detect a turbine and perceive it as a 
potential threat in sufficient time to take action to avoid collision. Whilst we have able to derive a 
within-windfarm avoidance rate for gulls, we have been unable to come up with a suitable value for 
northern gannet due to lack of data.  Therefore we consider other supporting evidence to evaluate 
whether for northern gannet total avoidance rates are likely to be higher or lower than those for 
gulls.    
 
Total avoidance rates are likely to be a combination of the probability of a bird detecting a turbine 
and its ability to take last-second action to avoid collision. Ability to take last-second avoidance 
action is likely to be linked to a species manoeuvrability and a previous review used this as the basis 
for recommending avoidance rates for different species (Maclean et al. 2009). In general expert 
opinion suggests that the  In general, expert opinion suggests that the flight manoeuvrability of 
northern gannets may be less than that of gulls (Garthe and Hüppop 2004, Furness et al. 2013), 
suggesting that they need more time to react to the presence of a turbine, and may therefore need 
to detect it earlier. Evidence from our review suggests that a high proportion of northern gannets 
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avoid entering windfarms (Krijgsveld et al. 2011, Vanermen et al. 2013). In addition, observations 
undertaken within offshore windfarms suggest that very few northern gannets pass close enough to 
turbines to be at risk of collision (see section 5.1).  
 
Birds are likely to be better able to detect obstacles, such as turbines, when they are looking straight 
ahead, as opposed to down, towards the sea-surface (Martin 2010). At sea, it may be reasonable to 
assume that birds will look downwards when actively foraging, and straight ahead when migrating or 
commuting between their breeding colonies and foraging areas. Northern gannet typically forage 
using area-restricted search (ARS) behaviour (based on diving activity) resulting in a relatively small 
proportion of the total area covered being actively used when at sea (Hamer et al. 2009, Votier et al. 
2013). These ARS zones are found solely on the outbound part of the foraging trip. In contrast, gulls 
are not likely to limit their foraging area to such restricted zones within foraging trips (Kubetzki and 
Garthe 2003, Schwemmer and Garthe 2005), and may therefore spend a greater proportion of their 
time at sea looking towards the sea-surface. The distance over which birds can see is strongly 
correlated with body size (Brooke et al. 1999). As a consequence, northern gannets are likely to be 
able to detect turbines at a greater distance than gulls. Recent evidence suggests that northern 
gannets may respond to the presence of fishing vessels over distances of up to 11 km (Bodey et al. 
2014). These results suggest that, at least theoretically, northern gannets may be capable of 
responding to the presence of a windfarm over considerable distances. 
 
 Whilst insufficient data were available to derive within-windfarm avoidance rates for northern 
gannets, evidence of strong avoidance of windfarms, in contrast to gulls which appear to show no 
consistent response, suggests that total avoidance rates for northern gannets are unlikely to be 
lower than those for gulls.  
 
6.4.6 Comparability of onshore and offshore avoidance rates 


 


The difficulty of recording collisions in the offshore environment has meant that estimates of within-
windfarm avoidance rely on data collected from terrestrial windfarms. However, birds may respond 
differently to onshore and offshore turbines. For example, migrating geese have been found to 
consistently avoid entering offshore windfarms, demonstrating macro-avoidance, (Plonckzkier & 
Simms 2012) but may habituate to the presence of onshore turbines (Madsen & Boertmann 2008).  
 
Understanding how avoidance behaviour differs between onshore and offshore environments 
requires an understanding of how flight behaviour differs between the two. Modern GPS tracking 
technologies have made such comparisons easier, and it appears that whilst lesser black-backed 
gulls may spend a similar proportion of their time in flight in both environments (Kolios 2009), there 
is a tendency to fly lower when offshore (Corman & Garthe 2014, Ross-Smith et al. in prep.). As this 
would result in fewer flights at risk height in the offshore than onshore environment, this would be 
accompanied by decrease in both the proportion of birds at risk height (and therefore the predicted 
collision rate) and the actual collision rate of the same proportion. Consequently the avoidance rate 
would be unchanged between the onshore and offshore environments. However, there remain a 
number of other possible differences between onshore and offshore flight behaviour. Gulls are 
capable of adjusting their flight mode in response to airflow patterns which differ between onshore 
and offshore environments, in order to minimize their energy expenditure (Shamoun-Baranes & van 
Loon 2006). In the onshore environment they can take advantage of thermals by soaring and wind 
blowing up slopes or other major topographical features resulting in slope lift soaring. Whereas in 
the offshore environment a boundary layer can be created as the wind blows over the surface of the 
sea resulting in differential air wind speeds which some seabirds including gulls can exploit for 
dynamic soaring (see Alexander 2004). It is unclear how these adjustments between soaring and 
flapping flight may influence collision risk, though changes in manouverability and flight speed may 
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be important. At present, there are significant gaps in our understanding of how flight behaviour 
may differ between onshore and offshore environments, though recent technological advances may 
start to fill these gaps. However, at present, the data describing within-windfarm avoidance rates 
collected from onshore sites remains our best available evidence. 
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7   TOTAL AVOIDANCE RATES FOR PRIORITY SPECIES 


 


In this section, we consider total avoidance rates for each of the five priority species – northern 
gannet, black-legged kittiwake, lesser black-backed gull, herring gull and great black-backed gull. 
 
7.1  Macro-response rates (section 5.1) 


 
For gulls, the present evidence base is equivocal, with some studies suggesting evidence for 
attraction, others evidence for displacement, and others no significant response. Thus, for these 
species, the balance of evidence suggests a macro-response of 0 (i.e. no attraction to or avoidance of 
the windfarm) (Table 7.1).  
 
Northern gannets typically show a strong macro-response to offshore windfarms. However, 
differences in survey methodologies make it difficult to arrive at realistic macro-response values by 
combining data from multiple sources. Based on currently available evidence, we believe that 0.64 
to be a reasonable value for the macro-response rate (Table 7.1). However, it should be noted that 
this figure is based on data that are most-representative of the non-breeding season.  
 
7.2  Micro-response or meso-response rates (sections 5.2 and 5.3) 


 
The review of existing evidence for avoidance rates in relation to offshore windfarms for the key 
species considered in this study indicated that insufficient data were available to generate separate 
micro-avoidance or meso-response rates for any of the species of interest.  
 
7.3  Within-windfarm avoidance rates (section 5.4) 


 
Within-windfarm avoidance rates, representing a combination of meso-responses and micro-
avoidance may be derived by comparing observed collisions to those expected in the absence of 
avoidance (see equation 6 under section 1). Options 1 and 2 of the Band model are mathematically 
identical (both termed the basic Band model), with the proportion of birds at collision risk height 
estimated from modelled flight height distributions for option 2 and based on site-specific 
observational data using option 1. Therefore, it is necessary to use the same avoidance rates for 
both model options. As the rates derived using option 1 utilise site-specific data, rather than data 
derived from a generic curve (produced following the methodology of Johnston et al. 2013), we feel 
that these values are the most appropriate to recommend for use with the basic Band model. With 
respect to the extended Band model, the rate derived should be acknowledged as, potentially, being 
precautionary as, at several key sites, it is based on an underestimate of the proportion of birds 
flying at collision risk height (see Appendix 7). As a consequence, when calculating the avoidance 
rate by comparing the predicted and observed number of collisions, the resulting value is lower than 
would otherwise be expected. Therefore, where there is a significant difference between the 
observed proportion of birds at collision risk height and the proportion predicted to be at collision 
risk height from modelled distributions, the avoidance rates derived for use with the extended 
model are not considered appropriate as they will be based on an inaccurate assessment of the 
number of birds at risk of collision.   
 
An alternative methodology with which to derive a within-windfarm avoidance rate for use with the 
extended Band model is described by in Annex 1 to this report. Following this methodology, the ratio 
between the number of collisions expected in the absence of avoidance derived using options 2 and 
3 of the Band model is used to modify the avoidance rate derived using option 1 of the Band model. 
However, this requires knowledge of the flight height distribution (e.g. to 1m resolution) at the 
windfarm concerned – as opposed to the proportions of birds assigned to different flight height 
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categories – in order to separate geometric avoidance (i.e. birds passing the rotor at lower altitudes 
where the probability of collision is lower) from behavioural avoidance. Whilst it is possible to use 
this methodology without knowledge of the flight height distribution at the windfarm in question, 
the result would be that the predicted collision rate using option 3 would be identical to that 
obtained using option 2. However, this methodology is likely to be of value in the future as data 
collection techniques improve and detailed flight height distributions are derived on a site-specific 
basis.  
 
We were able to derive within-windfarm avoidance rates for herring gull and lesser black-backed gull 
(Table 7.1). Based on a sample of 526,048 predicted flights through windfarms, we derived an 
avoidance rate of 0.9959 (± 0.0006 SD) for herring gull based on the basic Band model and 0.9908 (± 
0.0012 SD) using the extended Band model. For lesser black-backed gull, the derived avoidance rates 
were 0.9982 (± 0.0005 SD) and 0.9957 (± 0.0011 SD) respectively, based on a sample of 101,746 
predicted flights through windfarms. However, the larger sample size and the fact that data 
originate from a greater number of sites (see Appendix 7) means that the avoidance rates derived 
for herring gull are more robust than those derived for lesser black-backed gull. We also derived 
within-windfarm avoidance rates for large gulls as a group. This group includes all birds positively 
identified as herring gull (this species accounting for 526,048 of the total of 639,560 flights through 
windfarms), lesser black-backed gull or great black-backed gull, but also those with uncertain species 
identification (10,638 predicted flights through windfarms), for example those identified as 
herring/lesser-black backed gull. For the large gulls group, we derived avoidance rates of 0.9956 (± 
0.0004 SD) using the basic Band model and 0.9898 (± 0.0009 SD) using the extended Band model. A 
comparison of the observed and predicted proportions of birds at collision risk height (Appendix 7) 
shows that whilst there are some notable differences in these values, across most sites they are 
broadly consistent. For this reason, we feel that the avoidance rates derived using both the basic and 
extended Band models are appropriate to use.  
 
We also derived within windfarm avoidance rates for small gulls (1,589,953 predicted flights through 
windfarms) based largely on data collected from common gull (746,668 predicted flights through 
windfarms) and black-headed gull (841,008 predicted flights through windfarms). For species within 
the small gulls group, we derived within-windfarm avoidance rates of 0.9921 (± 0.0015 SD) for use 
with the basic Band model and 0.9027 (± 0.0068 SD) for use with the extended Band model (Table 
7.1). However, given significant differences between the proportion of birds observed and predicted 
to be at collision risk height at a number of key sites, we do not feel that it is appropriate to use the 
avoidance rate derived for use with the extended Band model for the small gulls grouping. These 
differences are likely to arise from the fact that the data considered here originate from the 
terrestrial environment, often close to breeding colonies, whilst the modelled data were collected 
from the offshore environment.  
 
Finally, we calculated a within-windfarm avoidance rate for all gulls as a group (2,567,124 predicted 
flights through windfarms). As with the large gull and small gull groups, this incorporated data for 
individuals with uncertain identification (350,338 predicted flights through windfarms), for example 
‘gull spp’. For all gulls, we derived an avoidance rate of 0.9893 (± 0.0007 SD) for use with the basic 
Band model and 0.9672 (± 0.0040 SD) for use with the extended Band model (Table 7.1). However, 
as with the small gulls group this includes data for which there were significant differences – due 
partly to the inclusion of unidentified gulls – between the observed and predicted proportions of 
birds at collision risk height. For this reason we do not feel that it is appropriate to use the avoidance 
rate derived for use with the extended Band model for the all gulls groupings.  
 
Insufficient data were available to identify a reliable within-windfarm avoidance rate for northern 
gannet (Table 7.1).  
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It is important to note that where we report the standard deviation around the derived within 
windfarm avoidance rates, this relates variability between sites and not to uncertainty in the model 
input parameters. Estimating the contribution of the model input parameters to the uncertainty 
associated with the derived avoidance rates requires a more detailed understanding of the real 
range of values associated with each parameter than is available currently.  
 
7.4  Total avoidance rates 


 
Total avoidance rates are also provided in Table 7.1. Ideally, total avoidance rates should be 
calculated using equation 8 (section 3.1). For gulls, the balance of evidence suggests a macro-
response of 0 (i.e. no consistent attraction to or avoidance of the windfarm). Consequently, the total 
avoidance rates for these species are equal to the within-windfarm avoidance rates.  
 
As data describing macro-responses to the windfarm are limited, we are unable to estimate the 
variability around the macro-response rate. For this reason, whilst we are able to provide an 
estimate of variability around the within windfarm avoidance rates, we are unable to provide an 
estimate of variability of uncertainty around the total windfarm rates.  
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Table 7.1  Reviewed avoidance rates for priority species and current knowledge gaps based on the review of available data. Empty cells indicate a lack 
of robust and/or consistent data on which to base conclusions. Colour coding indicates confidence in presented values (based on sample 
size, representativity of data): green = highest, orange = intermediate, red = lowest (i.e. not suitable for use in CRM). Confidence in total 
avoidance rates reflects the lower of the confidence ratings given for macro-responses and within-windfarm avoidance rates. 


 


Species/species groupings and 


sample size for within-


windfarm avoidance rate given 


in parentheses* 


Macro-


response
1
 


Meso-


response
2
 


Micro-


avoidance
3
 


Within-


windfarm 


avoidance 


basic Band 


model
4
 


Within-


windfarm 


avoidance 


extended 


Band 


model
4
 


Total 


avoidance 


basic Band 


model 


(1-total 


avoidance) 


Total 


avoidance 


extended 


Band model 


(1-total 


avoidance) 


Caveats 


Black-legged kittiwake (0) 


None       


Whilst data were available for 
macro-response, no clear patterns 
were evident across studies. No 
data available for  within-
windfarm avoidance.  


Lesser black-backed gull 


(101,746) 


None   
0.9982  


(± 0.0005) 
0.9957 


(± 0.0011) 
0.9982 


(0.0018) 
0.9957 


(0.0043) 


Whilst data were available for 
macro-response, no clear patterns 
were evident across studies. 
Within-windfarm rate based on 
data from only two sites. 


Herring gull (526,048) 


None   
0.9959 


(± 0.0006) 
0.9908 


(± 0.0012) 
0.9959 


(0.0041) 
0.9908 


(0.0092) 


Whilst data were available for 
macro-response, no clear patterns 
were evident across studies. 
Within-windfarm rate based on a 
large sample size from seven 
different sites.  


Great black-backed gull (1,128) 


None       


Whilst data were available for 
macro-response, no clear patterns 
were evident across studies. No 
within-windfarm avoidance rates 
estimated due to extremely small 
sample size. 
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Small gull spp (1,589,953) 


Comprising: black-headed gull 
(746,668), common gull 
(841,008), common/black-
headed gull (2,090), little gull 
(188) None   


0.9921 
(± 0.0015) 


0.9027 
(± 0.0068) 


0.9921 
(0.0079) 


0.9027 
(0.0973) 


Whilst data were available for 
macro-response, no clear patterns 
were evident across studies. 
Within-windfarm avoidance rates 
based on large sample size from 
eight different sites. However, 
differences between observed and 
predicted proportions of birds at 
collision risk height mean it is not 
appropriate to use value derived 
for extended model.  


Large gull spp (639,560) 


Comprising: lesser black-backed 
gull 101,746, herring gull 
526,048, herring/Caspian gull 
1,417, herring/lesser black-
backed gull 8,345, 
herring/yellow-legged gull 876, 
great black-backed gull 1,128 


None   
0.9956  


(± 0.0004) 
0.9898 


(± 0.0009) 
0.9956 


(0.0044) 
0.9898 


(0.0102) 


Whilst data were available for 
macro-response, no clear patterns 
were evident across studies. 
Within-windfarm avoidance rates 
based on large sample size from 
seven different sites.  


Gull spp (2,567,124) 


Comprising: black-headed gull 
746,668, common gull 841,008, 
common/black-headed gull 
2,090, little gull 188, lesser 
black-backed gull 101,746, 
herring gull 526,048, 
herring/Caspian gull 1,417, 
herring/lesser black-backed gull 
8,345, herring/yellow-legged 
gull 876, great black-backed gull 
1,128, gull spp. 337,610 


None   
0.9893 


(± 0.0008) 
0.9672 


(± 0.0018) 
0.9893 


(0.0107) 
0.9672 


(0.0328) 


Whilst data were available for 
macro-response, no clear patterns 
were evident across studies. 
Within-windfarm avoidance rates 
based on large sample size from 
nine different sites. However, 
differences between observed and 
predicted proportions of birds at 
collision risk height mean it is not 
appropriate to use value derived 
for extended model. 
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1 See section 5.4; 2 See section 5.1; 3 See section 5.2; 4 see section 5.3.   
 


Northern gannet (0) 


0.64       


Macro-response rates for 
northern gannet indicated strong 
avoidance of windfarms. As data 
were available from a limited 
number of sites, the lowest 
reported value was felt to be most 
appropriate as a precautionary 
figure. Note the majority of data 
comes from the non-breeding 
season and it is unclear how 
applicable these findings may be 
to the breeding season.  No data 
available for  within-windfarm 
avoidance.  
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7.5 Recommended avoidance rates 


 


Please note that these recommendations apply to the five priority species only – northern 
gannet, black-legged kittiwake, lesser black-backed gull, herring gull and great black-backed gull 
– they are not intended to be applied to seabirds more generally.  
 
Whilst we have estimated within-windfarm avoidance rates to four decimal places, current 
guidance from SNH is that expressing avoidance rates to more than three decimal places is 
unwarranted (SNH 2013). Given the inherent uncertainty in the data we feel that this is a 
sensible approach to apply to total avoidance rates. For this reason, we round within-windfarm 
avoidance rates down to three decimal places when deriving recommended total avoidance 
rates.   


 


• A macro-response rate of 0.64 is recommended for northern gannet (section 5.4). However, no 
data were available to derive a within-windfarm avoidance rate for this species (section 5.3). 
Given that there is consistent evidence for high macro-avoidance, and considering the at-sea 
ecology of northern gannet and gulls (section 6.3.5), we feel that there is no reason to suppose 
that the total avoidance rates for northern gannet should be less than those for all gulls (as 
opposed to large gulls). A total avoidance rate of 0.989 is thus recommended for use with the 
basic Band (2012) collision risk model. This would reflect a within windfarm avoidance rate of 
0.9703. We acknowledge that this is precautionary, but in the absence of more species-specific 
data, we feel it is appropriate. However, given the evidence available at present, we are unable 
to recommend an avoidance rate for use with the extended Band (2012) collision risk model.  


 


• No consistent evidence of macro-avoidance was found for black-legged kittiwake (section 5.4). 
It was not possible to derive species-specific within-windfarm avoidance rates for black-legged 


kittiwake (section 5.3). However, as black-legged kittiwake have similar wing morphologies 
(wingspan, wing:body aspect ratio, wing area: Robinson 2005, Alerstam et al. 2007), flight 
speeds (Alerstam et al. 2007) and flight altitudes  (Cook et al. 2012, Johnston et al. 2014b) to 
black-headed and common gulls, which contribute the majority of records for the small gulls 
group, the within-windfarm avoidance rates derived for the small gulls group were considered 
appropriate for this species. A total avoidance rate of 0.992 is thus recommended for the basic 
Band model. However, given the evidence available at present, we are unable to recommend an 
avoidance rate for use with the extended Band (2012) collision risk model (section 5.3).  
 


• No consistent evidence of macro-avoidance was found for lesser black-backed gull (section 
5.4). Whilst it was possible to derive species-specific within-windfarm avoidance rates for lesser 
black-backed gull, these were based on limited data and thus the within-windfarm avoidance 
rates for large gulls were considered more appropriate for use for this species (section 5.3).  A 
total avoidance rate of 0.995 is thus recommended for use with the basic Band model and a 
total avoidance rate of 0.989 for use with the extended Band model. 
 


• No consistent evidence of macro-avoidance was found for herring gull (section 5.4) and thus 
total avoidance rates reflect species-specific within-windfarm avoidance rates. A species-
specific total avoidance rate of 0.995 is thus recommended for use with the basic Band model 
and a total avoidance rate of 0.990 for use with the extended Band model (section 5.3).  


 


• No consistent evidence of macro-avoidance for great black-backed gull (section 5.4).  It was not 
possible to derive species-specific within-windfarm avoidance rates for great black-backed gull. 


Given the taxonomic similarity between species within the large gulls group, the avoidance 
rates derived for use with this group were considered to be appropriate for great black-backed 
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gull (section 5.3). A total avoidance rate of 0.995 is thus recommended for the basic Band 
model and a total avoidance rate of 0.989 for use with the extended Band model. 
 


At present, the evidence available does not enable us to recommend a robust avoidance rate for 
northern gannet or black-legged kittiwake for use with Band model option 3. This does not imply 
that option 3 is not suitable for these species, and given the programmes of work currently 
underway in the offshore environment, it is envisaged that an appropriate rate will be derived in the 
near future. Note, while it is not possible to recommend a robust avoidance rate for use for these 
species at this time, this does not preclude presenting a no-avoidance collision estimate using option 
3 alongside collision estimates derived using option 1 and/or option 2 (with or without using the 
avoidance rates recommended here) to inform on likely collision risk. 


 
Table 7.2 Recommended total avoidance rates for use in the basic and extended Band 


models with each of the five priority species. 


 


Species (rate used) Basic Band model avoidance 


rate 


Extended Band model 


avoidance rate 


Northern gannet (all gull 
avoidance rate) 


0.989 Not available 


Black-legged kittiwake (small 
gull avoidance rate) 


0.992 Not available 


Lesser black-backed gull (large 
gull avoidance rate) 


0.995 0.989 


Herring gull (species-specific 
avoidance rate) 


0.995 0.990 


Great black-backed gull (large 
gull avoidance rate) 


0.995 0.989 
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8 TRANSFERABILITY OF AVOIDANCE RATES BETWEEN MODELS 


 
There are various collision risk models currently available within the scientific literature to estimate 
likely collision and mortality of birds due to windfarms (Band 2012; Desholm 2006; Eichorn et al. 
2012; McAdam 2005; Smales et al. 2013; Tucker 1996; Holstrom 2011). The models vary in 
numerous ways including whether static components such as the tower are included in calculations, 
if oblique angles of attack are considered and whether single or multiple turbines are assessed, as 
well as how avoidance behaviour is incorporated.  Although the Band model (Band 2012) is the most 
widely used collision risk model in the UK, it is not the only one available and therefore any 
developments in our understanding of avoidance behaviour should consider, where possible, these 
alternative models. 
 
Although described in the literature, avian collision risk models are often not presented in enough 
detail to reproduce. The majority of models consider avoidance behaviour as an add-on to the 
process of estimating the probability of collision, separate from the calculation of collision 
probability for a single rotor transit. From the information available, however, it would seem that 
the definitions and avoidance rates presented in our report would generally be suitable for use 
within a range of collision risk models, not only Band (2012). Here we provide examples of how the 
definitions and rates may align with some of these alternative models. 
 
Desholm (2006) developed a stochastic model analysis of avian collision which included variability in 
the input parameters and outputs of the model. Although it was a very specific example from an 
offshore windfarm in the Baltic Sea, the method could be used elsewhere. The definitions used in 
our project seem suitable for the model. The method considered the different stages at which birds 
may avoid a windfarm and uses values for the proportion of birds entering the windfarm (1 - macro-
avoidance), the proportion within the horizontal/vertical reach of rotor blades (1 - meso-avoidance) 
and also the proportion trying to cross the area swept by the rotor blades without showing 
avoidance (1 - micro-avoidance). 
 
Eichorn et al. (2012) developed an agent-based, spatially-explicit model of red kite foraging 
behaviour to assess collision risk related to wind turbines. The model is largely stochastic and 
combines a spatial model with a collision risk model. Although the study was specific to red kite, the 
methods could be used more widely. The model uses the method from Band (2007) for calculating 
probability of collision from a single rotor transit therefore it is likely that any definitions for 
avoidance behaviour provided by our study will be suitable. The model specifically includes the 
probability of a bird recognising the threat and actively avoiding, and this avoidance rate is taken 
from the literature. The value ranges from 0.98 – 0.995 and is therefore likely to be a value for 
overall avoidance, however the definitions within this study for meso- and micro-avoidance would 
seem to fit more appropriately because it is a single bird avoiding a single turbine within a 100 m x 
100 m grid cell. 
 
Smales et al. (2013) describe a collision risk model developed by Biosis Propriety Limited which has 
been widely used to assess wind energy developments in Australia since 2002. The model uses a 
deterministic approach and provides a predicted number of collisions between turbines and a local 
or migrating population of birds. The model uses flight activity data from the windfarm site and 
applies avoidance rate to the typical number of turbines encountered per flight. Therefore the 
definitions and rates for within windfarm behaviour should be suitable in this context. 
 
A note of caution when considering avoidance rates and their application within different collision 
risk models is that although not the intended purpose, avoidance rate may have become a sink for 
multiple sources of error and uncertainty within a model. Collision risk models rarely state the 
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associated error along with collision estimates. In the process of apportioning overall avoidance into 
the different components of macro-, meso-, and micro-avoidance, this previous inclusion of model 
error may need to be considered, and may be model-specific. 
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9 CONCLUSIONS  


 


We have derived within-windfarm avoidance rates for a variety of species for specific sites. In some 
cases, these differ from those presented elsewhere using, apparently, the same data (see Natural 
England/JNCC note). For this reason, we include an appendix (Appendix 7) detailing how each of our 
values has been derived. Note that the values in Appendix 7 are supplied for illustrative purposes 
only and that we would recommend the use of the total avoidance rates presented in Table 7.2. 
Given the variability in the values that have been presented for some datasets, we believe that this 
level of transparency is crucial to enable readers to come to an informed opinion as to what 
represents a robust avoidance rate. The derivation of the flux rate through the windfarm is 
particularly important, as it can have quite a strong influence on the predicted number of collisions, 
and therefore, the final avoidance rate.  
 
Very little data were available describing separate meso-responses or micro-avoidance. There were 
limitations in the data from each of the studies we identified. However, observations of flight 
behaviour around individual turbines indicate that birds very rarely pass close to the rotor blades, 
suggesting that a significant proportion of avoidance behaviour is likely to occur at a meso-scale. We 
identified evidence from several sites to suggest that avoidance behaviour may be influenced by 
both the layout of the windfarm (e.g. the inter-turbine spacing) and the operational status of 
turbines. There is some limited evidence to suggest that overall avoidance rates may be lower during 
the breeding season than the non-breeding season, although significantly more data are required to 
confirm this hypothesis (see section 5.3.3.1).  
 
The availability of suitable data has been a key problem throughout this review. In part, this relates 
to the difficulty in collecting collision data at sea, leading to gaps in data for key species such as 
northern gannet and black-legged kittiwake. It is to be hoped that the ongoing ORJIP work will help 
to address this issue. However, it also relates to the way in which data have been collected as part of 
post-construction monitoring at offshore windfarms. We identified extremely limited evidence for 
macro-response rates for our priority species. In many instances, this may be because when impacts 
which may contribute to macro-avoidance, such as displacement or barrier effects, are considered, 
the focal species are usually auks, divers and sea-ducks. As a consequence, the impacts on other 
species, such as northern gannet are less well understood.  
 
Our review highlights that there are still significant data gaps in relation to avoidance rates for 
marine birds and offshore windfarms, particularly in relation to micro- and meso-responses, as 
opposed to the correction factors often used as avoidance rates at present. Despite this, we feel that 
our review represents a significant step forward. We are able to recommend for the first time 
within-windfarm avoidance rates for gulls using both the basic Band (2012) model (options 1 and 2) 
and extended Band (2012) model (option 3) based on significantly more data than has been used to 
make recommendations for geese and raptors in the past (e.g. Pendlebury 2006, Whitfield 2009).  
Significant data gaps still remain for within-windfarm avoidance behaviour in the northern gannet.  
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APPENDIX 1  Evidence review macro-response – barrier effect studies 


 


A1.1 Egmond aan Zee 


 


Location / habitat  


 
Marine, 10-18km offshore 
 


Turbine / array specification 


 
Turbine array consists of 36 Vestas V90 3 MW turbines covering an area of 27 km2. Distances 
between turbines are 650 m within rows and 1000 m between rows. Turbine specifications given as 
hub height 70 m; rotor diameter 90 m; rotor altitude min 25 m (above mean sea level) and max rotor 
altitude 115 m (above mean sea level).   
 
Case study number 1 


 


Krijgsveld, K.L., Fijn, R.C., Japink, M., van Horssen, P.W., Heunks, C., Collier, M., Poot, M.J.M., Beuker, 
D. and Dirksen, S. 2011. Effect studies offshore windfarm Egmond aan Zee: Final report on fluxes, 


flight altitudes and behaviour of flying birds. Bureau Waardenburg Report No. 10 - 219. 
 
Lindeboom, H.J., Kouwenhoven, H.J., Bergman, M.J.N., Bouma, S., Brasseur, S., Daan, R., Fijn, R.C., de 
Haan, D., Dirksen, S., van Hal, R., Hille Ris Lambers, R., ter Hofstede, R., Krijgsveld, K.L., Leopold, M. & 
Scheidat, M. 2011. Short-term ecological effects of an offshore windfarm in the Dutch coastal zone; 
a compilation. Environmental Research Letters 6, doi:10.1088/1748-9326/6/3/035101. 
 
Methods 


 


Krijgsveld et al. (2011) focussed on the disturbance of flight paths otherwise referred to as barrier 
effects. Whereas as what was termed as the disturbance of locally resting and/or feeding birds were 
covered by another project (Leopold et al. 2011) as birds recorded on the water. Lindeboom et al. 
(2011) reported the impacts of the windfarm on a range of taxonomic groups but with respect to 
birds focussed on barrier effects, displacement effects and attraction. As the results presented in 
Lindeboom et al. (2011) were based on the preliminary results of Krijgsveld et al. (2011), cited as 
Krijgsveld et al. (2010), this paper is not considered further here. 
 
Data collection was carried out during the post-construction period only. 
 
Radar: Horizontal radar was used to record flight paths, with the radar located on a meteorological 
mast 500 m from the nearest turbine at the south western side of the windfarm). The radar was set 
to scan up to distances of 5.6 km from the meteorological mast (although it was calculated that gulls 
could be detected up to shorter distances of 4.5 km). There was no coverage from the angles of 155° 
to 220° relative to the mast however).  
 
The radar signal was processed and recorded by Merlin (DeTect Inc).  Flight paths of birds or groups 
of birds were visualised in QuantumGIS and grid cells (750 m x 750 m) were set up in order to 
analyse both the numbers of tracks and flight directions. In order to mitigate for reduced detection 
of tracks, due to the presence of turbines and decreasing detection rates with increasing distance 
from the radar, correction factors were applied to the numbers of tracks recorded inside the 
windfarm.    
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Visual and auditory observations: Panorama scans from the meteorological mast consisting of 
hourly 360° scans to record all birds flying within sight of the observation platform. This information 
was then used to calibrate the radar counts and provided information on species composition, 
density, flight altitude and flight direction. Additional information was collected at night and 
included moon watches, call registration by ear, and call registration by an automated bird call 
recording system. In addition, the opportunistic recording of flight paths of individual birds or bird 
groups (picked up either visually using a binoculars or a telescope) or on the radar) was carried out. 
 
Study period 


 


Radar:   Continuous recording through the period of April/May 2007 to 31 May 2010. Flight path 
data was obtained for 817 days (out of a possible 918 due to factors such as high winds). 
 
Visual observations:  A total of 405 -panoramic scans were carried out over 53 days (dawn to dusk) 
spread throughout the period of Feb 2006 to Dec 2009 and six nights (dusk to dawn) during spring 
and autumn migration (October 2008 to April 2009). Opportunistic observations of flight paths were 
carried between and during panoramic scans (n = 666 flight paths of 85 species were recorded with 
great cormorant (n = 82) and northern gannet (81) being the most commonly observed).  
 
Species  
 
Local seabirds (gull spp, northern gannet, scoter spp, and auks spp); migrating seabirds (diver spp 
and scoter spp) and migrating non-marine birds (thrushes and geese spp).  
 
Conditions data collected under  
 
Radar: all conditions. 
 
Visual observations: recording carried out in generally dry, relatively calm conditions (all but day 
had one Beaufort scale of less than 5) and with a range of visibility conditions (0 - 50 km). 
 


Results 


 
Macro-responses (which were regarded by this study as being due to barrier effects), referred to in 
the report as macro-avoidance rates, were quantified by two methods2: 
 
i.  Panoramic scans were used to derive the proportion of birds within, at the edge and outside 


the windfarm. Using the combined values of the first two groupings, it was possible calculate 
the % of birds that passed through the windfarm3. The resulting values were corrected for 
relative surface area for within and outside the windfarm and then used to derive macro-
avoidance rates4 for northern gannet = 0.64 (n = 282 birds5), sea ducks/scoters spp = 0.71  (n 


                                                           
2 Table 15.1- Krijgsveld et al. 2011. 
3 Table 9.3 - Krijgsveld et al. 2011. 
4  Macro-avoidance = 100-((x/50)*100). Where x = % of birds that passed through the windfarm and 50 is the 
correction factor for surface area. Karen Krijgsveld pers. comm. Values of x for northern gannet and common 
scoter were 18 and 14 respectively (sum of the relative abundance inside and at the edge of the windfarm – 
see Table 9.3). 
5 Taken from Figure 9.25. 
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= 123 birds), diver spp = 0.686  and alcid spp = 0.683.Sample sizes were too small for other 
species/species groups for values to be derived and, hence, values have to be derived by 
other means; 


 
ii.  Flight path data collected by radar showed that the number of all birds that flew within the 


windfarm was on average 72% of the numbers outside the windfarm. This was proposed to 
equate to an average macro-avoidance rate of 0.28 of birds in relation to the windfarm, and 
when broken down according to time of year, the values ranged from an average of 0.18 (in 
winter) and 0.34 (in autumn)7. For gull spp and great cormorant, the average avoidance rate 
in winter of 0.18 was used, as the species composition was heavily dominated by those birds 
at that time of year (as shown by the visual observations).  The overall average avoidance 
value of 0.28 was assumed for grebe spp, tubenoses spp, skua spp, and tern spp (in the 
absence of other available data or rationale). It was also shown using radar that the 
percentage of birds flying in the windfarm was significantly higher during the day compared 
to night (when data from spring was excluded) and these differences were greatest during 
summer and winter. Hence avoidance was argued to be higher at night.   


 
Results of the opportunistic recording of flight paths indicated deflection rates of 89%  for  northern 
gannet and 40% for gulls spp based on sample sizes of 38 and 78 birds respectively8. These values 
were not considered by the authors to provide evidence for macro avoidance (Karen Krijgsveld pers. 


comm.) however.  
 
There was inherent variation in flight direction as recorded by radar with higher variability recorded 
winter and summer (probably due to the inclusion of locally foraging birds) and during the day. 
Nevertheless, adjustment of flight paths occurred at 750 - 1,500 m from the windfarm when there 
was a pronounced change in flight direction. This was largely based on plots of the mean ± standard 
errors of flight direction in relation to distance according to season and time of day9. The reported 
changes at 750-1500 m appear to occur before and after midnight in the spring and at dusk during 
autumn. There were also changes in flight direction at distances further away from the windfarm but 
these are not highlighted – notably in spring, for most times of day, at distances between 4,500 and 
5,250 m.   
 
Numbers of birds were also shown to be highest at 750 - 1500 m, which was taken as evidence of 
flying birds building up as they were deflected away from the windfarm (also confirmed by visual 
observations of birds). Moreover, the number of tracks for all seasons in the grid cells circa 750 m 
from the windfarm was also shown to be significantly higher than the number of tracks for the grids 
cells containing the adjacent single row of turbines10.    
 
Assessment of methodology 


 


The values of macro-avoidance derived from the panoramic scans were species specific and were 
collected in a systematic manner.  As for all visual observations, data collection was mostly restricted 
to days of reasonable visibility and calm conditions.  
 


                                                           
6 Based on the average of northern gannet (0.64) and scoter spp (0.71) which was justified on the grounds of 
their avoidance behaviour being similar (based on their flight paths). 
7 Figure 9.15 - Krijgsveld et al. 2011. 
8 Table 9.6 - Krijgsveld et al. 2011 
9 Figure 9.28- Krijgsveld et al. 2011. 
10 Generalised Linear Model (t 2228 =3.4, p < 0.001) - Krijgsveld et al. 2011. 
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Macro-avoidance rates (barrier effects) derived using radar were based on mean values across all 
species and should be interpreted very carefully since there is likely to be variability in response 
rates between species. Hence this should be borne in mind when citing values derived for gull spp, 
grebe spp, tubenoses spp, skua spp, and tern spp. It is also unclear whether the actual numbers 
reported will consist of solely individual birds or whether flocks of birds may have been inadvertently 
included. Hence as for most radar studies, the avoidance rates cannot be necessarily assumed to 
correspond to those of individual birds. It is also worth bearing in mind, that the way these data 
have been collected (comparison of number of flight paths inside and outside the windfarm) could 
also be potentially considered to be evidence of displacement. 
 
It is also problematic to overlay the arbitrarily selected boundary of 500 m buffer surrounding the 
outermost turbines used to delineate inside (micro and meso) and outside (macro) the windfarm 
avoidance (section 3.5) with the grid cell system of 750 km2 used to analyse the number of tracks.  
 
The grid cell system also does not correspond exactly to the boundaries of the windfarm and hence 
some cells will overlay areas inside and outside the windfarm which could be an issue for the values 
cited for % of tracks inside and outside the tracks. 
 


A1.2 Horns Rev 


 


Location / habitat  


 


Horns Rev 1: Marine, 14 km offshore. 
Horns Rev 2: Marine, 30 km offshore. 
 
Turbine /array specification 


 
Horns Rev 1: Turbine array consists of 80 2.0 MW Vesta turbines. Distance between turbines – north 
to south (560 m) and east to west (560 m). Turbine specifications given as: hub height 70 m; rotor 
blade length 40 m (diameter 80 m); and total height 110 m. Height of the lowest tip of rotor blade. 
 
Horns Rev 2: Turbine array consists of 91 turbines. Distance between turbines – north to south (560 
m) and east to west (560 m). Turbine specifications given as: hub height 68 m; rotor diameter 93 m; 
and total height 114.5 m. Height of the lowest tip of rotor blade 21.5 m. 
 
Case study number 1 


 


Petersen, I.K., Christensen, T.K., Kahlert, J., Desholm, M. & Fox, A.D. 2006. Final results of bird studies 


at the offshore windfarms at Nysted and Horns Rev, Denmark. Report commissioned by DONG 
Energy and Vattenfall A/S. National Environmental Research Institute.  
 
Methods 


 


This report focussed on barrier effects, displacement effects, physical changes to the habitat and 
collision risk. Work was carried out at the Horns Rev 1 and Nysted offshore windfarms but there 
were differences in methodology and timing of data collection in relation to the development phase 
– data collection was carried out during the post-construction period only at Horns Rev 1. 
 
Radar observations: Recordings by radar occurred in a circular area of radius ca. 11 km (no coverage 
in the north east quadrant with the exception of late November 2005). The radar was located on a 
transformer station located less than 0.6 km from the windfarm. Migration mapped by tracing 
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course of flocks onto a transparency and subsequently digitised. As fewer tracks were recorded both 
within and beyond the windfarm, due to presence of the turbines and the increasing distance from 
the radar,  densities of tracks were not used to quantitatively to look at barrier effects.   
 
All tracks (n = 468 north of the windfarm and n = 342 east of the windfarm) which were deemed to 
have a theoretical chance of entering the windfarm were selected using the criteria that they were 
orientated towards the windfarm at distances between 1.5 and 2 km from the windfarm and had 
lengths of tracks greater than 2 km.   
 
In order to look at the lateral (horizontal) change in migration route in response (where avoidance 
occurs) to the windfarm, two sets of transects lines were set up.  The first were located east of the 
windfarm running parallel to the direction of the rows of turbines (from north to south) and were set 
up at intervals of 50, 100, 150, 200, 250, 300, 400, 500, 1000, 2000, 2500, 3000, 3500 and 4000 m 
(max. range set by limits of the radar). The second were set up north of the windfarm at 50, 100, 
200, 300, 400, 500, 1000, 1500, 2000, 2,500, 3000 m and then at intervals of 1000 m until 7000 m. 
The orientation of all bird tracks that intersected two adjacent transects were calculated for all of 
the transects running east and north of the windfarm.  
 
Visual observations: four transects from the transformer station set up, one of which passed 
diagonally through the windfarm. 
 
Study period 


 


Radar observations: A total of 17 survey periods (shortest = 5 h 30 min, longest = 39 h 30 min) were 
carried out covering the periods of August to November 2003; March to May 2004; August to 
September 2004; March to May 2005;  and August to November 2005. Total of 243 h 45 min of 
observations.   
 
Visual observations: 19 surveys (shortest = 7 h 0 min, longest = 29 h 30 min) were carried out 
covering the periods of April to May 2003; August- November 2003; March to May2004; August to 
September 2004; March to May 2005;  and August to November 2005. Total of 403 h 18 min of 
observations. 
 
Species  
 
Staging and migrating birds. Based on visual observations of birds during transect counts, likely to 
consist primarily of diving ducks (by an order of magnitude higher than any other group and 
consisting almost exclusively of common scoter), gulls (herring gull, little gull, greater back-backed 
gull and black-legged kittiwake and terns (Sandwich tern and common/Arctic tern)11. 
 
Conditions data collected under  
 
During day and night, weather conditions not presented 
 
Results 


 


The annual percentage of bird tracks (based on the years 2003, 2004 and 2005 ) entering the 
windfarms from either the northern or the eastern side of the windfarm ranged from 13.6 % (2005, 


                                                           
11   Table 48 - Peterson et al. 2006. 
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north of windfarm) and 29.3% (2004, east of the windfarm12). The number of tracks that these 
percentages are based upon are relatively small however (ranging from 12 to 39 tracks).  These 
values appear to provide the origins of cited macro-avoidance rates of 0.71 and 0.86. Spring and 
autumn periods were not differentiated between as it was argued that bird behaviour would be 
similar regardless of the time of season. 
 
The mean orientation of tracks of migrating birds, as calculated for all intervals between transects, 
was used as the response variable to look at the lateral deflection of south bound tracks for birds 
north (n = 2108) and east of the windfarm (n = 1168).  For birds north of the windfarm during 
southbound bird migration, analyses13 showed that distance to windfarm, wind direction 
(crosswinds), time of day and the interaction between distance and time of day were significant.  
Plots of the mean flight orientation with distance to windfarm in relation to time of day wind 
direction  showed that deflections were most pronounced at distances of less than 400 m from the  
windfarm and that changes at larger distances (<2 km) were more obvious during the daytime 
compared to the night time period14. For birds east of the windfarm analyses15 found  that distance 
had a significant effect on the orientation of the birds (wind direction, time of day and the 
interaction between distance to windfarm and wind direction were also significant.  Plots of the 
mean flight orientation with distance to windfarm in relation to time of day wind direction showed 
that deflections were most pronounced at distances of less than 500 m from the windfarm. Changes 
in orientation occurred up to 4 km from the windfarm during south bound migrations notably during 
the day in westerly winds16.  
 
Assessment of methodology 


 


The derived macro-avoidance rates (based on barrier effects) are a mean value for all birds which 
occurred during the study and according to visual observations consisted mainly of common scoter. 
Therefore, these reported avoidance rates may have limited applicability to the less commonly 
recorded gulls spp and tern spp. In addition these avoidance rates are based on relatively small 
sample of tracks . Moreover, tracks do not differentiate between individuals or flocks, therefore the 
reported macro- avoidance rates do not respond to the level of individual birds. 
 


Case study number 2 


 


Blew, J., Hoffman, M., Nehls, G. & Hennig, V. 2008. Investigations of the bird collision risk and the 


responses of harbour porpoises in the offshore windfarms Horns Rev, North Sea, and Nysted, Baltic 


Sea, in Denmark. Part 1: Birds. Report from the University of Hamburg and BioConsult SH, 145pp. 
 
Methods 


 
The report focussed on the collision risk to migrating birds at Horns Rev 1 and Nysted offshore 
windfarms and the same methodology was used at both sites.  
 


                                                           
12 Table 55 -  Peterson et al. 2006. 
13 ANOVA analyses: distance F14=18.93, p < 0.0001; wind direction F1=57.49,  p < 0.0001; time of day F1=95.33,  
p < 0.0001; and distance*time of day F14 = 3.27 , p < 0.0001)- Peterson et al. 2006. 
14 Figure 170 - Peterson et al. 2006. 
15 ANOVA analyses: distance F14=25.38, p < 0.0001; wind direction F1=13.37,  p = 0.0003; time of day F1=132.67,  
p < 0.0001; and distance*wind direction F14 = 2.79 , p = 0.0004) - Peterson et al. 2006. 
16 Figure 172 - Peterson et al. 2006. 
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Blew et al. (2008) proposed that avoidance occurred at the three broad scales of : (1) large scale 
avoidance >2000 m; (2) medium to small scale avoidance 1000 m to 150 m and either horizontally or 
vertically as measured directly (reactions) or indirectly (comparison of numbers or flight altitudes); 
(3) last second avoidance. Thus, the second category, which was the focus of this report, overlaps 
with the definitions in section 3 of this report of both macro- and meso-avoidance. 
 
Data collection was carried out during the post-construction period only. 
 
Radar observations:  Horizontal radar (Bridgemaster E-series and Pathfinder) was deployed from 
ships with a range of anchoring sites (three, four and four at the eastern, southern and western 
edges of the windfarm respectively) at distances of 150 to 300 m to the windfarm. Screenshots were 
captured using a digital camera for the horizontal radar and the angle of tracks and their length were 
also registered.  The range of the radar was set to 1.5 nautical miles. No manual tracking of signals 
on the horizontal radar was carried out which meant that changes in flight trajectories for individual 
tracks could not be looked at.  
 
Radar tracks were categorised according to their direction in relation to the first row of the 
windfarm; flying towards (± 45° either side of perpendicular to the windfarm; flying away; and flying 
parallel (more or less).   
 
In order to look at lateral avoidance, four intervals ranging from 0-500 m, 500-1,000 m, 1,000-1,500 
m and 1,500-2,000 m in relation to the ship and the relative orientation of tracks were recorded in 
the range of ± 90° with 0° being perpendicular to the windfarm. Due to sample size issues 
(insufficient number of tracks), it was not possible to report results for Horns Rev, however. 
 
Visual observations: Visual observations were carried out along a 2 km transect which ran 
perpendicular to the outer edge of the windfarm, with the ship located halfway along it length. On 
the windfarm side of the transect, the gap between the edge of windfarm as defined by the row of 
the outer turbines (approximately 300 m from the ship) to 700 m inside the windfarm (or 1,000 m 
from the ship) was regarded as being inside the windfarm. On the corresponding non-windfarm side, 
the transect which was between 300–1,000 m from the ship was regarded as being outside the 
windfarm (in relation to the windfarm this represents a distance of between 600 and 1,300 m). 
Collectively these were termed as Class A, whereas the transect up to 300 m either side of the ship 
was Class B (excluding birds within 30 m either side of the ship which were disregarded). Visual 
observations of flying birds (optics only used for identification purposes) were carried out every half 
hour for observation periods of 15 minutes from sunrise to sunset. Distance, flight direction and 
altitude were recorded (classes were largely defined by the upper and lower limits of the rotor 
blade: 0-5 m: 5-30 m; 30-100 m; >110 m). The results of this work are not considered further here.  
 


Visual observations were carried out for 219.5 and 238.5 h in 2005 and 2006 respectively. 
 
Study period 


 


March to May to coincide with spring migration (27.5 observation days in 2005 and 2006) and 
September to November to cover autumn migration (39 observation days in 2005 and 2006). 
 
Radar appeared to have been run continuously.  
 
Species  
 
Seaducks, geese, gulls  and terns and wide range of songbird species.  
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Transect counts showed that gulls (many of which were unidentified to the species level) were the 
most common group recorded in both spring and autumn (with little gull notably more common in 
the former time of year). Common scoter were also common but more so in spring. 
  
Conditions data collected under  


 
Horizontal radar observations were limited to calm sea state conditions (wind speed < 2 ms-1) and 
generally dry weather.  
 
Visual observations were stopped when visibility <1 km but visual and acoustic observations were 
possible for all observation days 
 
Results 


 


During the day, the overall number of tracks flying parallel to the windfarm was higher (n = 1,045) 
compared to flying away from (n = 486) or towards (n = 386) the windfarm. This pattern was less 
pronounced at night with the number of birds parallel to the windfarm (n = 253) being only 
marginally higher compared to flying away from the windfarm (n = 206)  but were higher than 
towards the windfarm (n = 101). 
 
Although the visual observations were designed primarily to look at the differences in flight height 
distribution, they were able to provide supporting evidence for macro avoidance occurring. For 
northern gannet, out of 66 gannets recorded only 2 flew within the windfarm.  For both little gull 
and all gull spp (excluding little gull), significantly less birds were present inside the windfarm.  
 
Assessment of methodology 


 
Results from the observations from horizontal radar were limited as only 5% (9% for Nysted) of the 
observation time yielded screenshots which could be used and these were biased to daytime 
periods.  There was also the additional problem that detection within the windfarm was 
considerably lower compared to outside due to the presence of the wind turbines (tracks were 
observed to disappear and reappear when entering and leaving the windfarm).  
 
There were several limitations with working on a ship compared to from land or a fixed platform, 
including rough sea conditions, which would likely hamper data collection. There were also issues 
associated with the tidal cycles (particularly at Horns Rev, less so at Nysted) and strong winds which 
could result in the ship turning and this affected the radar data collected.  Another potentially 
confounding factor is that the ship could also act as an attractant to some species of seabirds (e.g. 
gull spp) or potentially act as a disturbance to others (e.g. diver spp and duck spp).  
 
In terms of demonstrating macro-avoidance, horizontal radar was unable to provide quantitative 
evidence. Avoidance appeared to be implied by the percentage of birds flying parallel being higher 
than those values reported for birds flying towards and away from the windfarm and this pattern 
was more pronounced during the day when the windfarm was more visible. The significance of birds 
tracks running parallel to as opposed to being orientated towards or away from the windfarm was 
not explained, however, and there was a lack of pre-construction information to make comparisons 
with. There was also insufficient data to look at potential changes in the orientation of tracks (but 
enough data was available for Nysted – see section 5.4.4). Similarly the visual observations did not 
provide quantitative evidence of macro-avoidance rates. 
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Case study number 3 


Skov H., Leonhard, S.B., Heinänen, S., Zydelis, R., Jensen, N.E., Durinck, J., Johansen, T.W., Jensen, 
B.P., Hansen, B.L., Piper, W. & Grøn, P.N. 2012. Horns Rev 2 Monitoring 2010-2012. Migrating Birds. 
Orbicon, DHI, Marine Observers and Biola. Report commissioned by DONG Energy. 
 
Methods 


 


This report focussed on migrating birds in relation to Horns Rev 1 and 2. 
 
Radar observations: Horizontal radar was used from observation stations located to the north east 
of Horns Rev 1 (assumed to be the same as used in previous studies at Horns Rev 1, 560 m distance 
to the windfarm) and to the east of Horns Rev 2 (no distance provided but estimated to be less than 
2 km away). Radar range was set at 6.0 km and covered a circular area. Additional information on 
species identification was possible by use of “a real-time tracking” procedure whereby tracks of 
individual birds or tracks could be followed on background images to produce videos.  Videos were 
produced using a frame grabber connected to the radar and tailor made software provided the video 
as a back ground image on the PC screen.  Whilst one observer followed the trace on the screen, a 
second attempted to locate the target in the field using a binocular or telescope to provide names, 
number of birds and altitude. Identification on tracks was not always possible during busy periods. 
Track densities were estimated for a 100 m2 grid system within the radius of the radar. 
 
Laser range finders: Laser range finders (Vectronix 21 Aero) were also used from the observation 
stations used to collect species-specific data up to distances of 2-3 km for large bird species 
(depending on the field of view and flight mode of the bird).  Positions and altitudes of birds were 
logged automatically via GPS recorded at intervals of 10-15 sec. Data from the laser range finders 
were used to supplement data collected by the radar. Calibrations in order to correct the readings 
provided by the GPS were necessary due to interference by the observation tower. 
 
Track data for range finders and radar were also integrated with weather data including wind 
direction, wind speed, air pressure, clearness, humidity, total precipitation and air temperature. In 
addition, the relative flight direction of the bird in relation to wind direction was also calculated. 
  
Generalised Additive Models (GAMs) with a Tweedie distribution were used to look at track densities 
derived by radar for all bird tracks and common scoter tracks in relation to distance to the radar and 
distance to the windfarm. Generalized Additive Mixed Models (GAMMs) with a correlation structure 
(to deal with spatial and temporal autocorrelation) were used to look at the flight altitude in relation 
to weather variables and distance to the nearest wind turbine. However, this information could not 
be used to quantify an avoidance rate. 
 
Study period 


 


Data collection carried out during spring and autumn from September 2010 to May 2012. No further 
details given. 
 


Radar observations: 15 min per h during daylight.  
 
Laser range finders: operated permanently with observation periods of a minimum of 15 min per h.  
 


  







 


BTO Research Report No. 656 


September 2014 167 


Species 


 


All spring and autumn migrants (seabirds, water birds, ducks and passerines). 
 
Conditions data collected under  
 
Not specified. 
 
Results 


 


Tracks recorded by both horizontal radar and the laser range finders were mapped for a range of 
species/groups in order to visualise movement patterns. It was proposed that diver spp (small 
sample size), northern gannet and common scoter tended to migrate along corridors along the 
periphery of the windfarms, although looking at the maps provided it is clear that northern gannet17 
and common scoter18 did occur within the windfarms, notably Horns Rev 2. This was thought to be 
with a result of the bathymetry as common scoters seemed to associate with waters less than 10 m 
in depth.   
 
At Horns Rev 2 both distance to radar and distance to the windfarm were significant predictors of 
the densities for all birds tracks combined 19 and common scoter tracks. Response curves20 produced 
by the models were similar for both analyses, which was unsurprising given the relative proportion 
of all tracks that were from common scoter. A peak in the density of birds occurred at around 1,500-
2,500 m from the windfarm and was argued to provide evidence for a barrier effect due to birds 
altering their flight path.  Similarly at Horns Rev 1, both distance to radar and distance to the 
windfarm were significant predictors for all bird tracks and common scoter tracks. In terms of the 
response curves, distance to windfarm the peak for all birds was between 2,000-3,000 m,  whereas 
for common scoter it was around 1,000-2,000 m21 . 
 
Assessment of methodology 


 


From the results provided it is not possible to quantify an overall macro-avoidance rate although this 
study did provide information on the distances to which barrier effects were observed. 
 
A1.3 Nysted offshore Windfarm 


 


Location / habitat  


 


Marine, offshore 10 km. 
 
Turbine /array specification 


 


Turbine array consists of 72 2.3 MW Bonus turbines covering 24 km2. Distance between turbines – 
north to south (480 m) and east to west (850 m).  Turbine specifications given as: hub height 69 m; 
rotor blade length 41 m; total height 110 m. Clearance above water is 28 m. 


                                                           
17 Figure 5-14- Skov et al. 2012. 
18 Figure 5-15- Skov et al. 2012. 
19 GAM; Distance to radar F=321.5, p < 0.01 and distance to windfarm F=286.4 , p < 0.01. Overall deviance 
explained 18.6% - Skov et al. 2012. 
20 Figure 5-23 -  Skov et al. 2012. 
21 Figure 5-26 -- Skov et al. 2012. 
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Case study number 1 


 


Petersen, I.K., Christensen, T.K., Kahlert, J., Desholm, M. & Fox, A.D. 2006.  Final results of bird 


studies at the offshore windfarms at Nysted and Horns Rev, Denmark. Commissioned by DONG 
Energy and Vattenfall A/S. National Environmental Research Institute.  
 
Desholm, M. & Kahlert, J. 2005. Avian collision risk at an offshore windfarm. Biology Letters 1: 296-
29822. 
 
Methods 


 
Peterson et al. (2006) focussed on barrier effects, displacement effects, physical changes to the 
habitat and collision risk. Work was carried out at Horns Rev and Nysted offshore windfarm but 
there were differences in methodology and timing of data collection. Study at Nysted covered the 
three phase of development periods: baseline (1999-2002); during construction (2002-2003) and 
post-construction or post-construction (2003-2005).   Desholm and Kahlert (2005) reported the 
results from the barrier effects and collision risk work only. 
 
Radar observations: Recordings by radar (Furuno FR125) were carried out from an observation 
tower, 5 km north-east of the windfarm area. The range was approximately 11 km and covered a 
circular area of 388 km2. Migration was mapped by tracing the course of flocks onto a transparency 
and subsequently digitised. Only tracks longer than 5 km were included in the analyses.  
 
The lateral response to the windfarms was investigated by setting a number of transects: the eastern 
gate (located along the full length the most eastern edge of the windfarm); the northern gate 
(located along the full length the most eastern edge of the windfarm) and the buoy transect (running 
from north to south from the observation tower to a buoy, 6.9 km in length). During autumn 
migration, tracks of flocks of birds travelling in a westerly direction which crossed the buoy transect 
were selected to see if they crossed the eastern gate (in order to derive the percentage of birds 
which did so).  In contrast, during spring migration the flight behaviour of birds was studied after 
they passed the windfarm and so is not considered further here. The total numbers of flocks of birds 
crossing the eastern and northern gate were also counted.  In addition, migration intensities were 
compared for an area within the windfarm with an adjacent area outwith the windfarm (both less 
than 11 km2 in area). Each area was subdivided into squares of 0.1 km2 and within each cell, the 
lengths of radar tracks (bird flocks) were expressed as the total sum of track meters (the track 
density).  In order to derive the change due to the windfarm, proportional differences in the bird 
densities within and inside the windfarm from the baseline data (pre-construction) were used to 
correct the data collected post-construction to derive avoidance rates. 
 
In order to determine the response distance (where avoidance occurs) to the windfarm, transect 
lines to the east of the windfarm were set up which ran parallel to the direction of the rows of 
turbines (from north to south). These were spaced at intervals of 100, 200, 300, 400, 500 m and then 
at intervals of 500 m to 4,000 m and after which there were a further two transects at 5,000 and 
6,000 m. The mean ± s.d. migration course of tracks were calculated for each transect (based the gap 
between the transect itself and the 100 m interval to the west). 
 
Visual observations: Abundance, phenology, diurnal pattern and flock sizes of species were 
recorded along the buoy transect. Count data was then converted into number of birds per 15 mins 


                                                           
22 Assumed to be derived from the same data as Peterson et al. 2006. 
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for all westerly bound birds in autumn and easterly bound birds in spring (although again the latter 
represents the number of birds after passing through the windfarm).   
 
Study period 


 


Radar observations: spring (easterly-orientated migration) and autumn (westerly-orientated 
migration) periods covered. Total number of hours or breakdown by season not reported. 
 
Visual observations: During the main survey periods of 14 March to 19 April and 30 August to 12 
November from 1999 - 2005, observations were carried out two days per week covering day and 
night time periods. A total of 259 h and 579 h observations gathered for the spring and autumn 
periods.  
 
Species  
 
Staging and migrating birds but due common eider and geese spp most commonly recorded. 
 
Conditions data collected under  
 
Not specifically described but very little data of under conditions poor visibility (<1 km). 
 
Results 


 


The probability of birds of crossing the windfarm was analysed using a logistic regression model and 
included the following explanatory terms and first order interactions (phase of development; 
distance to the observation tower when crossing the buoy transect), time of day, direction of winds 
(all of which were found to have significant effects). It was shown through comparison of data from 
the baseline and operation phases that 0.78 of all birds23, which consisted mostly of common eider, 
avoided entering the windfarm post-construction during autumn migration. This was based on 40% 
of flocks entering the eastern edge of the windfarm during the baseline period compared to 9% 
during operation24. This was suggested to equate to 8 out of 10 flocks crossing the eastern gate 
during the baseline study then avoiding the windfarm during the post-construction phase. It was also 
shown that during the post-construction phase, the numbers of flocks crossing the eastern gate 
were higher at night than during the day (Desholm and Kahlert 2005 cited values of 13.5 % and 4.5 % 
respectively). 
 
More specifically there was notable inter-annual variation in macro-avoidance rates for autumn 
migrating birds, again mostly common eider, ranging from 0.63 and 0.8325 in the use of the 
windfarm post-construction compared to the baseline. These rates were derived from figures of 
0.08-0.09 of flocks passing the eastern side of the windfarm compared to 0.24-0.48 passing the 
eastern gate of the windfarm during the pre-construction period26.    
 
There was a difference in migration intensity during the baseline period as the track densities in the 
eastern windfarm were 60% of the reference area which suggested a problem with detection rate. 


                                                           
23 Figure 121. Calculated as 1-(0.09/0.40) - Peterson et al. 2006. 
24 Desholm and Kahlert (2005) reported the proportion of flocks entering the windfarm decreased from 40.4% 
during pre-construction to 8.9% during initial operation. Data collection methods were not extensively 
described - Peterson et al. 2006. 
25 Calculated as 1-0.08/0.48 and 1-0.09/0.24 - Peterson et al. 2006. 
26 Figure 122 - Peterson et al. 2006. 
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Nevertheless a significant reduction in track densities was reported for the post-construction period 
but there was acknowledgement that a reduction could be partially explained by problems of what is 
termed a shadow effect to do with individual turbines.  
 
The standard deviation of the orientation was used to determine the lateral deflection as means of 
quantifying response distance to the windfarm (citing Kahlert et al. (2005) as justification for this 
approach). Analyses of data collected during the autumn migration, showed a significant interaction 
between the phase of development and distance to the windfarm (other terms were also significant 
but not discussed here due to lack of information presented which can be evaluated with respect to 
providing evidence for the response distance)27. Plots of the means of annual standard deviation 
values showed that there was little change in orientation for distances between 100 m and 5 km 
from the windfarm during the baseline period28. However, during the operation period, the 
orientation of tracks steadily changed over the distances 5 to 1 km away from the windfarm 
(orientation of birds at 3 km from the windfarm were significantly different to the baseline period) 
and the greatest deflection occurred between 500 m and 100 m (note that the way the transects 
were set up, there was a gap between 500 m and 1 km).  A tendency was also reported for the first 
deflection to be recorded at greater distances during the day compared to the night time period 
(based on the multiple use of pair-wise t tests across each distance interval)29.  
 
Assessment of methodology 


 
As there was a before and after comparison carried out at Nysted this was argued to provide greater 
confidence (compared to Horns Rev) that any changes were as a direct result of the windfarm 
presence.   
 
The response distance was only possible for birds entering the wind far during autumn (the area 
used during spring migration was beyond the edge of the radar range and hence the derived figures 
are based on autumn migration only.  Moreover, tracks do not differentiate between individuals or 
flocks, therefore the reported macro-avoidance values do not respond to the level of individual 
birds. 
 
Case study number 2 


 


Blew, J., Hoffman, M., Nehls, G. & Hennig, V. 2008. Investigations of the bird collision risk and the 


responses of harbour porpoises in the offshore windfarms Horns Rev, North Sea, and Nysted, Baltic 


Sea, in Denmark. Part 1: Birds. Report from the University of Hamburg and BioConsult SH, 145pp. 
 
Methods 


 


Methods used were exactly the same as used for Horns Rev (Appendix 1, section A1.2) 
 
Study period 


 


March to May to coincide with spring migration (44 ship days in 2005 and 2006) and September to 
November to cover autumn migration (51.5 ship days in 2005 and 2006). 
 


                                                           
27 Table 41- Peterson et al. (2006). 
28 Figure 119 - Peterson et al. (2006). 
29 Table 42 -  Peterson et al. (2006). 
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Radar appeared to have been run continuously.  
 
Species  


Wide range of non-pelagic waterbirds with high numbers of common eider as well as raptors and 
songbirds. Transect counts showed that in spring, the common eider was by far the most common 
bird recorded and in autumn it was the great cormorant.  
 
Conditions data collected under  
 
Horizontal radar observations were limited to calm sea state conditions (wind speed < 2 ms-1) and 
generally dry weather. Weather and sea state conditions tended to better than those experienced at 
Horns Rev where fewer observation days were possible. 
 
Visual observations were stopped when visibility <1 km.  
 
Results 


 


Radar tracks were categorised according to their direction in relation to the first row of the 
windfarm: flying towards (± 45° either side of perpendicular to the windfarm; flying away; and flying 
parallel (more or less). Initially tracks were presented regardless of their location (and therefore 
distance) in relation to the windfarm (but included tracks within the boundary of the outer row of 
the windfarm).  During the day the overall number of tracks flying parallel to the windfarm was 
higher (n = 2,274) compared to towards (n = 1,725) or away (n = 563) from the windfarm. This 
pattern was not evident at night when the numbers flying towards (n = 968) and parallel (n = 804) 
were more similar but still much higher than flying away (n = 216).     
 
In terms of determining whether horizontal avoidance occurred, the mean (and standard deviations) 
of angles of the approaching tracks were presented for the four 500 m width distance bands, for all 
anchor points east and west of Nysted offshore windfarm. It was reported that the angles did not 
increase (as would be predicted if horizontal avoidance occurred) or differ with decreasing distance 
to the windfarm (no statistical analyses were carried out).  
 
Although the visual observations were designed primarily to look at the differences in flight height 
distribution, they were able to provide supporting evidence for macro avoidance occurring. For all 
gull spp significantly less birds were present inside the windfarm. No results for northern gannet 
were provided. 
 
Assessment of methodology 


 


See Appendix 1, section A1.2 for a discussion regarding the work carried out on radar and visual 
observations at Horns Rev where the same approach was used. With respect to looking for evidence 
of horizontal avoidance this study was unable to show evidence for a change in flight orientation. It 
was unclear though whether this was down due to relatively wide bands being used (500 m in width) 
as other studies have used smaller intervals of 100 m at distances less than 1,000 m from the 
windfarm. 
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APPENDIX 2   Evidence review macro-response – displacement and attraction studies 


A2.1 Egmond aan Zee 


 


Leopold, M.F., Dijkman, E.M. & Teal, L. 2011. Local Birds in and around the Offshore Windfarm 


Egmond aan Zee (OWEZ) (T-0 & T-1, 2002-2010). Texel, The Netherlands: Wageningen IMARES. 
 
Leopold M.F., Camphuysen C.J., van Lieshout S.M.J., ter Braak C.J.F. & Dijkman E.M. 2004. Baseline 


studies North Sea windfarms: Lot 5 marine birds in and around the future site Nearshore Windfarm 


(NSW). Alterra-rapport 1047. 
 
Lindeboom, H.J., Kouwenhoven, H.J., Bergman, M.J.N., Bouma, S., Brasseur, S., Daan, R., Fijn, R.C., de 
Haan, D., Dirksen, S., van Hal, R., Hille Ris Lambers, R., ter Hofstede, R., Krijgsveld, K.L., Leopold, M. & 
Scheidat, M. 2011. Short-term ecological effects of an offshore windfarm in the Dutch coastal zone; 
a compilation. Environmental Research Letters 6. doi:10.1088/1748-9326/6/3/035101. 
 
Location/habitat  


 


Marine 10-18 km off shore.  
 
Turbine /array specification 


 


Hub height 70 m and  a rotor diameter 90 m (rotor altitude min 25 m, max rotor altitude 115 above 
mean sea level). Turbine array consists of 36 Vestas V90 3 MW turbines covering an area 27 km2. 
Distance within turbines is 650 m within rows and 1000 m between rows. 
 
Methods 


 


The focus of  Leopold et al. (2004) and (2011) was to look at avoidance and attraction by birds to the 
windfarm at Egmond aan Zee for what were termed local birds (although the survey work did cover 
the Princess Amalia windfarm site, results specific to this windfarm site were not presented). Survey 
periods covered the pre-construction and post-construction phases of the development. Lindeboom 
et al. (2011) reported the impacts of the windfarm on a range of taxonomic groups but with respect 
to birds presented less detail than the above reports and therefore is not considered further here.  
 
The study area was approximately 725 km2 (22 x 33 km). It was selected on the basis that it would 
include an adjacent offshore windfarm, Princess Amalia, and an anchorage area, where ships wait 
before entering the nearby major port. Ten transect lines were selected running east to west at 
distances of 2.47 km apart (with eight additional transect lines added in 2008 running north east to 
south west).  The aim was to cover each transect twice (this was possible until the additional 
transect lines were added) and the transect lines were sailed in the same order each survey period. 
Successfully completed surveys ranged between 4-8 days in duration.  
 
Ship based strip census surveys based on the methods adopted in the baseline studies in 2002-2004 
(described in Leopold et al. 2004) which were originally derived from Tasker et al. (1984); Komdeur 
et al. (1992) and Camphuysen and Garthe (2004). All swimming birds were assigned to distance 
bands: AB (0-100 m); C (100-200 m) and; D (200-300 m) and all observations were assigned to five 
minute intervals. Flying birds were recorded using the snap shot methodology at intervals of 1 min. 
 
Although BACI design was originally set to look at bird responses to the windfarm, there was 
considerable annual variation in seabird presence which hampered the ability to look for any 
differences between pre-construction and post-construction. Therefore the results focussed on 
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comparisons within surveys (e.g. species-specific monthly counts). Presence/absence data were used 
as the response in Generalised Additive Mixed Models, which took into account temporal auto-
correlation, for all individual species/month combinations there were sufficient data for. Otherwise 
a more simple General Additive Model was used or, in some cases, statistical models could not be 
run (birds were counted less than 10 occasions). Therefore, the number of surveys that were 
available for further analyses varied according to species and were a reflection of the relative 
abundance of birds each month.  Presence /absence data were argued to be more appropriate as 
they were less affected by the large numbers of zero counts or the few counts with very large 
numbers of birds recorded. These models took into account the distance to coast, the northing value 
and the presence of impact area as factors (Egmond aan Zee, Princess Amalia and the anchorage 
area were considered individually within these models). The model output was then used to predict 
and subsequently map the probability of birds occurring across the survey area.   
 
Within surveys, there was the possibility of four outcomes: attraction (probability of finding birds 
inside the windfarm was significantly higher than expected on the basis of the general distribution 
pattern); avoidance (probability of finding birds inside the windfarm was significantly lower than 
expected); indifference (probability of finding birds within the perimeter was not impacted by the 
windfarm and insufficient data. 
 
Study period 


 


Baseline/pre-construction surveys: T-0 = September and October 2002; April, May, June, August and 
November 2003; February 2004 (described in Leopold et al. 2004).  
 
Post-construction surveys: T-1a = April, June, August, September, November (incomplete) 2007 and 
January 2008 (May was not repeated); T-1b = April, June, August, September (incomplete), 
November 2008; January, 2010; T-1c = April, June, August, October (September not possible) 
November 2009 and; January and February 2010.  
 


Species  
 
Local seabirds as defined as those which reside for some time in the study area. Species accounts 
were presented for: diver spp, great crested grebe, northern fulmar, northern gannet, great 
cormorant, common scoter, little gull, black-headed gull, common gull, lesser black-backed gull, 
herring gull, great black-backed gull, black-legged kittiwake, Sandwich tern, common/arctic tern, 
common guillemot and razorbill). 
 
Conditions data collected under  
 
Generally aimed to survey in conditions with a Beaufort scale of less than 6 Bft but there were a 
number of transects that were carried out in higher winds of 6-7 Bft (when light conditions 
permitted). 
 
Results 


 


Northern gannet:  Northern gannet tended to occur on all sides around Egmond aan Zee windfarm 
but rarely within the perimeter of the windfarm30. Observations recorded that those few birds that 
did enter only went one turbine deep.  Where presence/absence analyses were possible for the 
post-construction period (n = 10 surveys), it was shown that the presence of the species was 


                                                           
30 Figure 31 - Leopold et al. 2011. 
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significantly negatively related to the Egmond aan Zee windfarm for only two surveys. Anecdotally it 
was reported that gannets never entered Princess Amalia Windfarm (which has a higher turbine 
density31). Also highlighted was the lack of searching feeding, resting in the windfarms during the 
surveys.  
 
Lesser black-backed gull: It was evident that lesser black-backed gulls were often seen within 
perimeters of windfarm32. These birds tended to be either resting on the water or foundation 
structures or feeding at the tidal wakes around the monopiles. Presence/absence analyses for the 
post-construction period (n = 12 surveys), found that the presence of the species was negatively 
related to the Egmond aan Zee windfarm for only one survey (the rest were also negative but 
insignificant). This was counter to what would have been predicted as large fishing vessels only 
operated outside the windfarm which should have in effect reduced the numbers of birds inside the 
windfarm (resulting in an apparent avoidance). Most observations of lesser black-backed birds were 
anecdotally reported to be associated with, looking out for or resting in the wake of active fishing 
vessels. 
 
Herring gull: Birds did occur in the windfarm area but overall fewer birds were recorded in the 
offshore environment compared to other gulls (notably in August where herring gulls remain mostly 
near shore). Like lesser black-backed gulls they were often associated with fishing vessels.  
Presence/absence analyses  for the post-construction period (n = 14 surveys), found that the 
presence of the species was negatively related to Egmond aan Zee windfarm for  eight surveys 
although this effect was only significant in three cases. Herring gull distribution patterns were 
proposed to thought to be likely to be attributable to overall latitudinal variation, as evidenced by 
the strong effect of distance to coast in the models (significant p values for six surveys). 
 
Great black backed gull: Birds did were reported as occurring in the windfarm area33. 
Presence/absence analyses for the post-construction period (n = 18 surveys), found that the 
presence of the species was positively related to the Egmond aan Zee windfarm in five cases, four 
significantly, although this effect was only apparent at low densities. There were also two surveys in 
which significant effects were reported. As reported for lesser black-backed gull, birds did tend to 
feed around fishing vessels but not in the same high numbers. 
 
Black-legged kittiwake: birds were recorded within the windfarm and in general numbers declined 
with decreasing distance to shore (apart from in November and one January). Presence/absence 
analyses for the post-construction period (n = 5 surveys), found that the presence of the species was 
positively related to the Egmond aan Zee windfarm in three cases, one significantly.  
 
Assessment of methodology 


 
Overall, there was lack of consistent evidence for either displacement or attraction for any of the 
species. This could have been partly due to the importance of factors operating at the larger scale of 
study area. For the larger gull species, there was a strong association with fishing vessels in the study 
area. Since fishing was no longer permitted in the windfarm areas, this could have confounded any 
results reported to do with possible attraction or avoidance of windfarms. There was also evidence 
that distance to coast was an important factor in determining the overall distribution patterns of 
herring gulls.  
 


                                                           
31 60 2 MW turbines which are evenly spaced (550 m apart) in area of 14 km2 - Leopold et al. 2011. 
32 Figure 34 - Leopold et al. 2011. 
33 Figure 38 - Leopold et al. 2011. 
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There were potential issues relating to the choice of statistical approach. As comparisons of pre-
construction and post-construction data was deemed not to be possible, multiple tests for individual 
surveys were carried out which may have led to the possibility of a Type 2 error (increased chances 
of reporting a false significant result). Also the numbers of observations were low for northern 
gannet and gull spp and consequently the modelling power was very low (Lindeboom et al. 2011). 
Moreover, the model outputs were in the form of p values and model co-efficients which could not 
be converted into avoidance rates without further details being presented (even if consistent effects 
had been observed). Therefore, from the results provided, it is not possible to derive 
displacement/attraction rates or thus macro-response rates for the study species. 
 
A2.2 Robin Rigg 


 


Natural Power. 2014. Analysis of Marine Ecology Monitoring Plan Data from the Robin Rigg Offshore 
Windfarm, Scotland (Post-construction Year 3). Draft Technical Report. E.ON Climate & Renewables. 
 
Location/habitat  


 


Marine, offshore < 11 km 
 
Turbine /array specification 


 


Turbine array consists of 60 3.0 MW Vestas turbines which are positioned approximately 500 m 
apart. Turbine specifications are given as turbine towers 80 m high and a rotor blade length of 44 m. 
 


Methods 


 


The purpose of this report was to look at: displacement of key species; changes in patterns of 
abundance and distribution; compare observed patterns with predicted impacts/sensitivities from 
the EIA process. 
 
Data collection was carried out during the pre-, during and post-construction periods. 
 
Boat based surveys based on standard European Seabirds-At-Sea (ESAS) survey methods were 
carried our (e.g. prior to the publication of Camphuysen et al. 2004) as used in the baseline period. 
In order to ensure comparability between the different phases of the development, methods were 
kept the same throughout. Additional survey work has been carried out from year 3 of the post-
construction period which corresponds to current best practice.  The main difference between the 
two approaches is that for flying birds the former records flying birds using transect methodology 
whereas the latter uses the snap shot methodology currently regarded as best practice. A total 10 
parallel transects running in a south west to north east direction of 18 km in length and spaced 2 km 
apart.  
 
For the purpose of analyses, each survey was divided into individual blocks of 600 m2 (corresponding 
to the 300 m either side of the transect line as both sides of the boat are surveyed). In terms of the 
data, there was a cleaning process applied. Uneven sampling effort across the different phases of 
the development (some months were surveyed twice) was identified as an issue and therefore a 
single survey at random was selected. The study area was also cropped to remove an area in the 
northeast where shallow waters sometimes prevented access and two transects in the southeast 
were removed due to under surveying during the pre- and during construction phases. There was 
also a gap during the construction period where there was no building activity (January and July 
2008) and these were also excluded from the analysis. 
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Birds on the water and birds in flight were analysed separately. Datasets that had fewer than 300 
non-zero observations were not considered. Raw observations were mapped and summary statistics 
for the three development phases were calculated in order to provide an initial indication of any 
change. These included: mean number of sightings (groups of animals), mean number of individuals 
per segment and mean number of individuals per segment per month. These are not discussed here 
however and the results of models output are focussed upon.  
 
Distance Sampling techniques were not used to correct the survey counts and a correction factor 
derived using the detection function was applied instead. Generalised Additive mixed effects 
mixture modelling carried out within a Bayesian framework were applied in order to deal with zero 
inflation (high number of zeros). Transect and survey were incorporated as random effects in order 
to deal with spatial and temporal autocorrelation. Covariates used the models were latitude, 
longitude month (or season) and time of day.  
 
Outputs of the models were used to produce density surface maps of the predicted distribution 
during the three different phases of the development. Abundance and density estimates for each 
species within the windfarm and the study area were produced for each phase. In order to look at 
avoidance, model outputs were used to predict the number of animals within the windfarm and for 
buffers 0.5, 1, 1.5 and 2 km of the three different windfarm phases.  Model outputs were presented 
only for the comparisons of pre-construction to construction and pre-construction to post 
construction (but it was not clear which of the spatial scales they related to) 
 
Study period 


 


Baseline surveys: monthly basis between May 2001 and April 2002. Further pre-construction surveys 
April and May 2003 and then on a monthly basis between January 2004 and September 2004 
(excluding April and June) with further work in July 2007. Constructions surveys: monthly basis 
between January 2008 and February 2010 (excluding November 2009). Post-construction: monthly 
surveys from March 2010 to February 2013 – scheduled to continue until 2015.  
 
Species  
 
Data were collected for a wide range of species (e.g. seabirds, seaducks, waders, passerines).  
Species accounts were only presented for the following key species: scaup, common scoter, red-
throated diver, Manx shearwater, northern gannet, great cormorant, black-legged kittiwake, herring 
gull, great black-backed gull, common guillemot, and razorbill.  
 
Conditions data collected under  
 
Not specified but ESAS provide guidance regarding suitability of conditions. 
 
Results 


 
Northern gannet: Modelling of the numbers of northern gannet on the water was not possible as 
there were too few sightings. The predicted numbers of northern gannet in flight across the three 
different phases of the development were found not to be significantly different. There appeared to 
have also been relatively little change in the predicted densities for the windfarm site, windfarm plus 
buffers (at any of the scales) or even at the level of the study area34. Although northern gannet was 


                                                           
34 Figure 3.55 – Natural Power 2014. 
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recorded throughout the study area, densities of the gannets were reported as being generally 
low35). 
 
Black-legged kittiwake: The predicted numbers of black-legged kittiwake on the water across the 
three different phases of the development were found not to be significantly different. There 
appeared to have also been relatively little change in the predicted densities for the windfarm site, 
windfarm plus buffers (at any of the scales) or even at the level of the study area36. A similar result 
was found for black-legged kittiwakes in flight37.  
 
Herring gull: Modelling of the numbers of herring gull on the water was not possible as there were 
too few sightings. The predicted number of herring gull in flight across the three different phases of 
the development were found to be significantly different with the numbers within the windfarm 
decreasing over the development (pre-construction to construction p = 0.0021, parameter estimate -
0.750 and pre-construction to post-construction p = 0.0013, parameter estimate - 0.841).  
 
Great black-backed gull: Modelling of the numbers of herring gull on the water was not possible as 
there were too few sightings. The predicted number of herring gull in flight were found to 
significantly differ from pre-construction to construction (p = 0.0166, parameter estimate -1.133) but 
not from pre-construction to post construction (p = 0.7854).  
 
Assessment of methodology 


 


There were insufficient data to allow modelling of the observations of birds on the water for 
northern gannet, herring gull, and great black-backed gull. For birds in flight, there was evidence for 
a significant decrease for herring gull both during the construction and post-construction periods 
whereas this decrease was only noted during construction for great black-backed gull. Northern 
gannet and black-legged kittiwake did not appear to respond to the presence of the windfarm. From 
the results provided, it was not possible to derive macro-response rates since it was not clear what 
models have been fitted and it was not apparent whether the changes were due to the presence of 
the windfarm or as result of changes at the scale of the overall study site. It is acknowledged though 
that despite this being year 3 of the post construction, it is not the final report and any reported 
results should be considered as preliminary findings. 
 
A2.3  Blighbank 


 


Vanermen, N., Stienen, E.W.M., Courtens, W., Onkelinx, T., Van de walle, M. & Verstraete, H. 2013. 
Bird monitoring at offshore windfarms in the Belgian part of the North Sea - Assessing seabird 


displacement effects. Rapporten van het Instituut voor Natuur- en Bosonderzoek 2013 
(INBO.R.2013.755887). Instituut voor Natuur- en Bosonderzoek, Brussel.  
 


Location/habitat  


 
Marine, 42 km offshore 
 
Turbine /array specification 


 


55 turbines. Additional information was not presented. 


                                                           
35 Figures 3.56-3.61- Natural Power 2014. 
36 Figure 3.82 - Natural Power 2014. 
37 Figure 3.83 - Natural Power 2014. 
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Methods 


 


This report looked at Blighbank and Thorntonbank windfarms (but also referred to the more recent 
development of Lodewijckbak) in what is termed the windfarm concession zone located in the north 
eastern edge Belgian Part of the North Sea (BPNS).  Surveys at both windfarms are still on going.  
 
Data collection was carried out during the pre-construction, during and post-construction periods. 
 
A BACI approach was adopted in order to monitor sea bird displacement. A control area of 
comparable size was selected on the basis of having similar attributes in terms of number of birds, 
environmental conditions and having sufficient historic data A buffer zone of 3 km was applied to 
the boundary of the windfarm (and the control area), in order to reflect the distance to which the 
effects of the windfarm could be an issue for birds.  
 
Boat transects were carried out on a monthly basis (citing Tasker et al. 1984) from 2008. The time 
interval used in this survey for recording was 10 minutes (a number of other windfarm surveys use 1 
min). Although only transect routes used post 2012 were shown38, despite some apparent minor 
shifts in the location the overall configuration was considered to be the same over the whole 
monitoring period (Nicolas Vanermen pers. comm.). An overview was provided of all the  ESAS 
counts carried out by INBO during the period of 1992-2012 based on location of counts, this could 
not be used to look at survey effort varied over the study period39. Count effort for Blighbank40 (as 
shown by the number of surveys) indicated overall higher effort in the pre-construction period (but 
this included data possibly dating back to 1992). There was also marked monthly variation in effort 
in the preconstruction phase with peaks in February/August for the pre-construction period and in 
March/December for the post construction period. 
 
Although distance sampling was used to correct count data to estimate the total numbers of birds 
within the BPNS (based on Buckland et al. 2001), it was not applied for modelling of the windfarm 
data (this was on the grounds that the correction factor used for both control and the windfarm area 
was likely to be the same Nicolas Vanermen pers. comm.). In order analyse the count data, 
generalised linear models were used, with a negative binomial distribution assumed in order to cope 
with over dispersion.  Modelling was carried out using area (the reference area or the impact area) 
and month (as a as a continuous variable in order to model seasonality) included as explanatory 
terms in what was termed the reference model (based on data collected prior to April 2008). The 
best model was then selected using a backward approach using a Wald test and looking at the 
resulting AIC values. The impact model was a simple extension of the count component of the 
reference model with before and after being added as factor variable to the model.  Although not 
carried out in this report,  the natural exponent of the model coefficients  can be used to derive the 
factorial change (and hence the overall percentage change in numbers from pre to post construction 
– see Table A6.1).  
 
Species’ preference for the windfarm area was calculated using Jacob’s Selectivity Index (calculated 
using the proportion of birds that occur inside the entire windfarm concession zone compared to the 
total numbers within the BPNS and the proportion of the surface area of the concession zone to the 
total area of the BPNS) whereby values of -1 represent total avoidance and + 1 is total preference 
(attraction). However this data was only carried out for the baseline data and hence are not 
considered further here.  


                                                           
38 Figure 27 - Vanermen et al. 2013. 
39 Figure 2 - Vanermen et al. 2013. 
40 Figure 29 - Vanermen et al. 2013. 







 


BTO Research Report No. 656 


September 2014 179 


The impact of the windfarm was considered separately for the post-construction phase at the scale 
of the windfarm, the windfarm and buffer, and the buffer without the windfarm41. Displacement-
related coefficients and their respective p values were reported. 
 
Study period 


 


The baseline period (reference period) referred to data pre-September 2009. The construction 
period ran from September 2009 to August 2010, and the post-construction period was from 
September 2010 onwards. Data collected during the initial construction period were not used in 
subsequent access due to access issues over this period. Results are presented for up until 
December 2012. 
 
Species  
 
Northern fulmar, northern gannet, great skua, little gull, common gull, lesser black-backed gull, 
herring gull, great black-backed gull, black-legged kittiwake, common guillemot, and razorbill.  
 
Conditions data collected under  
 
Not specified in the report. Conditions were, however, mostly favourable - boat surveys are 
cancelled when wave heights > 1.8 m, and in poor visibility (Nicolas Vanermen pers. comm.).  
 
Results 


 
Northern gannet: Model coefficients were significant for the scale of the windfarm and buffer and 
buffer without the windfarm (see Table A6.1).  Therefore there were highly significant decreases in 
numbers of northern gannet in the windfarm and the buffer of 3 km at all spatial three scales 
considered. 
 
Lesser black-backed gull: Model coefficients were significant for the windfarm and buffer and buffer 
without the windfarm and were only just not significant for just the windfarm. Therefore there was a 
significant increase in numbers of lesser black-backed gull in the windfarm and the buffer of 3 km 
relative to the pre-construction period. 
 
Herring gull:  The model coefficient was only significant at the scale of the windfarm, indicating an 
increase in numbers in the windfarm area relative to the pre-construction period.  
 
Great black-backed gull: The model coefficients were not significant, indicating no changes in 
numbers of the species relative to the pre-construction period.   
 
Black-legged kittiwake: The model coefficients were not significant, indicating no changes in 
numbers of the species relative to the pre-construction period.   
 


  


                                                           
41 Table 18 - Vanermen et al. 2013. 
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Table A2.1  Model outputs of Negative binomial modelling converted into factorial changes 
 
Species Scale Model 


coefficient 
P 
value 


Factorial 
Change* 


 Overall 
change as a 
proportion 


Northern gannet Windfarm -1.83 0.000 0.16 0.84 


Windfarm plus buffer -1.52 0.000 0.22 0.78 


Buffer -1.32 0.003 0.27 0.73 


Lesser black backed gull Windfarm 1.57 0.059 4.81 -3.81 


Windfarm plus buffer 2.39 0.004 10.91 -9.91 


Buffer 2.37 0.006 10.70 -9.70 


Herring gull Windfarm 3.97 0.000 52.98 -51.98 


Windfarm plus buffer 1.26 0.111 - - 


Buffer 0.83 0.269 - - 


Greater black backed gull Windfarm 1.08 0.127 - - 


Windfarm plus buffer 0.47 0.447 - - 


Buffer 0.54 0.428 - - 


Black-legged kittiwake Windfarm 0.25 0.605 - - 


Windfarm plus buffer 0.50 0.264 - - 


Buffer 0.77 0.092 - - 


*natural exponent of the model co-efficient. 
 
Assessment of methodology 


 
The results of this report should be considered as being preliminary since further data was collected 
for 2013. Nevertheless, northern gannet was shown to decrease in response to the presence of 
windfarm by a value of 0.84. This value could be taken as being indicative of macro-avoidance. 
Whereas both lesser black-backed gull and herring gull shown quite marked attraction to the 
windfarm. Great black-backed gull and black-legged kittiwake showed no overall response to the 
windfarm. From the results provided it not possible to look at seasonal variation in displacement or 
attraction.  
 
Sampling effort was biased towards the pre-construction phase and was characterised by variable 
effort on a monthly basis. Spatial coverage over the whole study period is likely to have been fairly 
consistent however. The data presented in this report is based on a BACI approach and potentially 
has limited value in looking at changes in the wider area but long term monitoring in the BPNS has 
continued throughout the study period and hence there is scope to include this at a later stage if 
required. 
 
A2.4 Thorntonbank 


 


Vanermen, N., Stienen, E.W.M., Courtens, W., Onkelinx, T., Van de walle, M. & Verstraete, H. 2013. 
Bird monitoring at offshore windfarms in the Belgian part of the North Sea - Assessing seabird 


displacement effects. Rapporten van het Instituut voor Natuur - en Bosonderzoek 2013 
(INBO.R.2013.755887). Instituut voor Natuur- en Bosonderzoek, Brussel.  
 
Location/habitat  


 


Marine, 27 km offshore. 
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Turbine /array specification  


 


Initially six turbines, final array to consist of 54 turbines.  
 
Methods 


 


See Appendix 2, section A2.3 for overall approach. 
 
The impact of the windfarm was considered separately for the two different operation phases: 
phase 1 (turbine array consisting of six turbines) and; phase 2 (second construction period). Models 
were run at the scale of the windfarm and buffer only42.  
 
Power analyses were also carried out for the reference data collected in the Thorntonbank study 
area in order determine the power required in order to detect change in numbers of birds (25, 50 
and 75% decrease) and the length of the monitoring period required.  
 
Study period 


 


Monthly surveys were started in 2005 (although additional data were available from 1993 based on 
surveys that have been carried out of the whole region of the BPNS but coverage was uneven 
spatially and temporally). The baseline period (reference period) referred to data pre-April 2008. The 
construction period ran from April 2008 to May 2009, and the post-construction period (called here 
the impact period) was from June 2009 to April 2011. Thereafter there was another period of 
construction from May 2011 and was ongoing at the time of the report.  
 
Species  
 
Northern fulmar, northern gannet, great skua, little gull, common gull, lesser black-backed gull, 
herring gull, great black-backed gull, black-legged kittiwake, Sandwich tern, common tern, common 
guillemot, razorbill.  
 
Conditions data collected under  
 
Not specified but ESAS provide guidance regarding suitability of conditions. 
 
Results 


 
Northern gannet: For both phase 1 and phase 2, the model coefficients were not significant, 
indicating no changes in numbers of the species relative to the pre-construction period.  
 
Lesser black-backed gull: For phase 1, the model co-efficient was not significant. For phase 2, a 
significant model co-efficient of 2.13 was reported (p = 0.052) for the scale of the windfarm, 
indicating a decrease inside the windfarm (but this effect was not found for the other models at the 
scale of the windfarm plus buffer and buffer without the windfarm).  
 
Herring gull: For both phase 1 and phase 2, the model coefficients were not significant, indicating no 
changes in numbers of the species relative to the pre-construction period.   
 


                                                           
42 Table 15 - Vanermen et al. 2013. 
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Great black-backed gull:  For phase 1, the model co-efficient was reported as 1.5 and was found to 
be significant (p = 0.024) for the windfarm plus buffer indicating an attraction to the windfarm. 
Whereas for phase 2, the model coefficients were not significant, indicating no change in numbers of 
the species relative to the pre-construction period.   
 
Black-legged kittiwake: For both phase 1 and phase 2, the model coefficients were not significant, 
indicating no changes in numbers of the species relative to the pre-construction period.   
 
Assessment of methodology 


 


The results of this study were derived from when the windfarm only consisted of 6 turbines (phase 
1) or during the next phase of construction of a further 48 turbines (phase 2).  Hence the years 
covered by this report do not include the post construction phase of a fully post-construction 
windfarm.  Hence the results are not considered further here as part of this review. 
 
A2.5  Nysted 


 


Petersen, I.K., Christensen, T.K., Kahlert, J., Desholm, M. & Fox, A.D. 2006.  Final results of bird 


studies at the offshore windfarms at Nysted and Horns Rev, Denmark. Commissioned by DONG 
Energy and Vattenfall A/S. National Environmental Research Institute.  
 
Location/habitat  


 


See under section 5.4.1.3 under barrier effects. 
 


Turbine /array specification  


 


See under section 5.4.1.3 under barrier effects. 
 


Methods 


 


Aerial transect surveys were carried out using methodology described in Kahlert et al. 2004 (which 
prior to the publication of Camphuysen et al. 2004 was commonly cited by other studies as the 
standard methodology). A total of 26 parallel transects running north to south separated by 
distances of 2 km were carried out covering an area of 1,700 km2. The area was extended by four 
additional transect lines in 2002 to increase the area to 1846 km2. 
 
Jacobs selectivity indexes (D) were used in order to look at displacement and attraction. This 
approach essentially determines bird preferences for the windfarm area and a buffer zone (2 and 4 
km) where birds could still be impacted, in relation to their preference to the whole study area.  
Values fell between -1 (displacement) and +1 (attraction). Bird encounters (for both individuals and 
groups here termed as clusters) rather than estimates of bird densities were used. Bird preferences 
were then compared by looking at the pre- and post-construction D values, based on a simple 
comparison of number rather by formal statistical analyses, in order to describe the change in bird 
utilisation of the windfarm. 
 
Bird encounter rate (number of birds reported per km of survey route per observer) was used as a 
proxy of density in order to calculate mean densities in the windfarm area and in the buffer zone. 
Comparisons of the mean densities pre- and post-construction were carried out using Student’s t 
test with corrections for unequal variance. Sufficient data (with respect to the five priority species) 
was available for comparisons for herring gull at Nysted in January and Horns Rev in March. 
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Study period 


 


Pre-construction period = August 1999 to August 2002 (n = 21 surveys); construction period = 
January 2003 to August 2003 (n = 3); post-construction period = January 2003 (sic) to November 
2005 (n= 8). The timing of the actual surveys (e.g. by month were not reported). Only the pre-
construction and post-construction surveys were used.  There was a lack of autumn surveys for the 
post construction phase and therefore only winter and spring surveys were available. 
 
Species  
 
Diver spp, great cormorant, long tailed duck, common eider, common scoter, red-breasted 
merganser, herring gull and greater black-backed gull:. 
 
Conditions data collected under  
 
Not specified. 
 


Results 


 
Herring gull:  Comparisons of pre- and post-construction selectivity indices for numbers clusters of 
birds showed no change43. Whereas selectivity indices for numbers individuals showed a tendency 
towards decreased selectivity (e.g. less birds were using the area) for the windfarm as well as both 
buffer zones44. There was no significant difference between bird encounter rate between the pre- 
and post-construction phases in the windfarm area or the 4 km zone but a significant difference was 
found for the 2 km buffer. The report concluded there was no evidence for either attraction or 
avoidance. 
 
Greater black-backed gull: outputs of the models were all found to be insignificant apart for the 
selectivity indices for individual birds post-construction and hence are not reported further here as 
they have no meaningful comparison for pre-construction. 
 
Assessment of methodology 


 


Overall there was little evidence that herring gull showed any response to the presence of the 
windfarm.  
 
There are a number of potential limitations of the approach used. There may be issues to do 
temporal coverage – from the information provided, it was difficult to be able to assess evaluate 
how sampling effort varied over the different phases of the development. Also whilst the Jacobs 
selectivity indices may provide an indication of the likely direction of response, these cannot be 
directly translated into displacement rates. Also the comparison of pre- and post-construction bird 
encounter rate had limited value since they provided no indication of changes in distribution that 
may have occurred at a wider scale (and therefore nothing to do with the presence of the 
windfarm). 
 


  


                                                           
43 Table 27 and 29 - Peterson et al. 2006. 
44 Table 28 and 30 - Peterson et al. 2006. 
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A2.6  Horns Rev 


 
Location/habitat  


 
See under Appendix 1, section A1.2. 
 


Turbine /array specification 


 
See under section Appendix 1, section A1.2. 
  


Methods 


 


Aerial surveys: Aerial transect surveys were carried out using methodology described in Kahlert et 


al. (2004) which prior to the publication of Camphuysen et al. (2004) was commonly cited by other 
studies as the standard methodology). A total of 26 parallel transects separated by distances of 2 km 
were carried out covering an area of 1,350 km2. 
 


Study period 


 


Pre-construction period = August 1999 to January 2002 (n = 16 surveys); construction period = 
March 2002 to August 2002 (n = 3); post-construction period January 2003 to November 2005 (n= 
15). The timing of the actual surveys (e.g. by month were not reported). Only the pre-construction 
and post-construction surveys were used.   
 
Species  
 
Diver spp, northern gannet, common eider, common scoter, little gull, arctic/common tern and 
guillemot.  
 
Conditions data collected under  
 
Not specified. 
 
Results 


 
Northern gannet: There were no observations of northern gannet inside the windfarm pre- or post-
construction. Comparisons of pre- and post-construction selectivity indices for the buffer zones 
indicated increased avoidance at the 2 and 4 km zone. Insufficient numbers of birds were recorded 
in order to be able look at encounter rates and limited further interpretation of what the likely 
overall response of northern gannet to the windfarm. 
 
Herring gull: Comparisons of pre- and post-construction selectivity indices for clusters and 
individuals of birds indicated a reduced avoidance of the windfarm area. The bird encounter rate 
revealed no significant difference between the pre- and post-construction period. It was concluded 
that despite an increased preference being found during construction (citing Christensen et al. 
2003), attraction was not observed post construction.  
  
Black-legged kittiwake: Model outputs were not significant for numbers of clusters of birds post-
construction and for both pre- and post-construction for numbers of individual birds. Hence the 
results are not reported here. 
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Assessment of methodology 


 


See Appendix 2, section A2.5. 
 


A2.7  Alpha ventus demonstration site 


 


Bundesamt fur Seeschiffart und Hydrographie, BSH 2011. Okologische Begleitforshung bei alha 
ventus erste Ergebnisse (Environmental research at alpha ventus – first results). Contributions from 
the Event of 10 May 2010, Katholische Akademie Hamburg. 
 
Mendel, B.,  Kotzerka, J.,   Sommerfeld,  J., Schwemmer, H.,  Sonntag, N. &  Garthe, S. 2014. Effects 
of the Alpha Ventus offshore test site on distribution patterns, behaviour and flight heights of 
seabirds. In  Ecological Research at the Offshore Windfarm Alpha Ventus: Challenges, Results and 
Perspectives.  Editors Federal Maritime and Hydrographic Agency, Federal Ministry for the 
Environment, Nature Conservation and Nuclear Safety. Springer Spektrum. 
 
All the post consent monitoring reports from this OWF demonstration site are written in German 
(Stefan Garthe pers. comm.).   The first reference reviewed is a report (BSH 2014) has a full English 
translation. The second reference (Mendel et al. 2014) is a book chapter and in written in English.   
Neither reference can be considered to be fully comprehensive in the level of detail provided but 
given the importance of this OWF site this information should be included.  The information which is 
cited below is largely taken from Mendel et al. (2014). 
 
Location/habitat  


 
45 km offshore 
 


Turbine /array specification 


 
Twelve turbines. Two designs (jacket foundation and tripod steel foundations) – no further 
information provided. 
 


Methods 


 
Two study areas were selected: the key study area, the size of which was in excess of 30 times the 
size of the windfarm itself and; a reference site which appeared to be nearly twice the size of the 
study area. Boat based surveys were carried out according to standard European Seabirds-At-Sea 
(ESAS) survey methods.  Aerial-based methods were based on methods described in  Pihl and Frikke 
(2002), Noer et al. (2000) and Diederichs et al. (2002) (full citations are given in Mendel et al. 2014). 
As well as data from the EIA studies, additional data from eight multiple-day ship-based surveys and 
21 aerial surveys carried out in both study areas were available. No further information was 
provided, however (e.g. on the timing of the surveys in relation to season).  
 
In order to carry out analyses of the changes in distribution patterns for pre-and post-construction 
data, data were collated into grid cells of 1 km2 and only data from the key study area were used.  A 
total of six species or species groups were looked at (divers, northern gannet, lesser-black backed 
gull, little gull, black-legged kittiwake and common guillemot) and only the most important period/s 
for each of these were focussed upon. Data were also collated over large time periods (usually 
seasons).  
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Changes in abundance were looked at using the pre- and post-construction data and only two 
species were considered (lesser-black backed gull and common guillemot). Generalised Linear Mixed 
Models of the abundances of birds at different distances in relation to the windfarm (0-2 km, 2-6 km 
and 6-10 km) were tested in three different models using a Poisson error distribution.   
 
The percentage of birds recorded in each behavioural category was calculated for the key study 
areas and the reference area for lesser black-backed gull only.   
 


Study period 


 
Data from 2000-2008 were regarded as pre-construction (construction started in September 2008) 
and data from 2010-2012 represented the post construction period.  
 


Species 


 
Northern gannet, northern fulmar, black scoter, skua spp, gull spp, and auks spp. 
Key species:  Red-throated diver, black-throated diver, lesser black-backed gull, black-legged 
kittiwake, little gull, common guillemot and razorbill. 
 


Conditions data collected under  
 
Data collected according to ESAS methods (sea state < 5Bft). 
 


Results 


 


Changes in distribution 


 
The statistical significance of the following  results was not provided and interpretation of results 
was largely based on maps representing densities of birds for the 1 km2 grid cell system of the key 
study area. Overall lower abundances were reported post-construction for six of the species/groups 
but only the relevant species are reported further here.  
 
Northern gannet:  the impact of the windfarm was hard to qualify due to the very low numbers 
recorded within the key study area. This species was reported to have occurred on seven occasions 
(nine individuals) within the windfarm area during the pre-construction period and none were 
observed post-construction.  Data were taken from March to September and hence represented the 
breeding season. 
 
Lesser-black-backed gull:  a ‘clear decrease’ was reported to have occurred from the pre- to the 
post-construction period. Although low to medium densities were reported post construction within 
the windfarm area, the highest densities were found a few kilometres away from the windfarm site 
(previously some of the highest were found within the perimeter of the windfarm area during pre-
construction).  Data were taken from May to July and hence represented the breeding season. 
 
Black-legged kittiwake: a ‘remarkable decline’ occurred post-construction not only within the 
perimeter of the windfarm but at the scale of the whole key study sites. Numbers recorded overall 
were very low’ however (e.g. highest number of birds recorded per km2 was 5).  Data were taken 
from November to April and hence represented the non-breeding season.  
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Changes in abundance 


 
Lesser-black backed gull:  Statistically significantly lower abundances were reported for the 0-2 km, 
2-6 km and 6-10 km distance class and the models suggested that the disturbance effect was 
strongest within 2 km of the windfarm, 
 


Assessment of methodology 


 
Based on the information provided, it is not possible to carry out a proper assessment of the 
methodology used. The overall abundance of northern gannet was very low therefore and therefore 
this study cannot be cited as evidence of the windfarm having an impact on their distribution. There 
is some evidence to suggest that displacement may be occurring for lesser-black-backed gull and 
black-legged kittiwake based on the maps of the distribution of bird densities for pre- and post- 
construction, but there was a lack of statistical analyses. However a statistically significant reduction 
in the abundance of lesser black-backed gulls was reported for all the three distances classes from 
the windfarm.  
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APPENDIX 3  EVIDENCE REVIEW HORIZONTAL MESO-RESPONSE 


 


A3.1 De Put, Nieuwkapelle 


 


Everaert, J. 2008. Effecten van windturbines op de fauna in Vlaanderen Onderzoeks resultaten, 


discussie en aanbevelingen. INBO, Brussels 
 


Methods 


 


Baseline data describing bird movements within the area, prior to turbine construction, were 
collected on six days between December 2004 and February 2005 at periods of dawn and dusk. 
Following turbine construction, additional data were collected on six days between December 2005 
and March 2006, again at dawn and dusk. Changes in the number of birds flying within 100 m and 
300 m of each turbine pre- and post-construction were then modelled using a factorial ANOVA.  
 


Seasons / time of day 


 


Data were collected over the winter at dawn and dusk.  
 


Species 


 


Black-headed and common gulls. 
 
Conditions data collected under  
 


Not specified. 
 


Location / habitat  


 


Terrestrial site in Belgium. 
 


Turbine / array specification 


 
A two turbine array. Each turbine has a mast height of 75 m and a rotor diameter of 48 m.  
 
Results 


 
No significant differences were recorded in the number of black-headed or common gulls passing 
within 300 m or 100 m of the turbines between the pre- and post-construction periods.  
 


Assessment of methodology 


 
A key flaw in this study is the lack of a control site with which to compare differences in movement 
pre- and post-construction. A consequence of this is that it is not possible to determine whether the 
lack of significant changes reflects the local population remaining relatively stable or whether the 
overall proportion, but not numbers, of a variable local population passing the turbines has changed. 
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A3.2 Egmond aan Zee 


 


Krijgsveld, K.L., Fijn, R.C., Japink, M., van Horssen, P.W., Heunks, C., Collier, M.P., Poot, M.J.M., 
Beuker, D. & Dirksen, S. 2011. Effect studies Offshore Wind farm Egmond aan Zee: Final report on 


fluxes, flight altitudes and behaviour of flying birds. Bureau Waardenburg 
 


Methods 


 


Radar Observations 


 


Between July 2009 and March 2010, the flight paths of birds within the windfarm were recorded 
using a horizontal radar with range of 0.75 nautical miles. The study area included six turbines and it 
was possible to collect data on 235 out of the 239 days during the study period, although it was 
necessary to filter out data on an additional 59 days due to the incidence of ‘clutter’. Data were then 
analysed using a t-test to assess whether birds were distributed evenly within the windfarm by 
comparing the number of birds passing within 50 m of a turbine to the number of birds elsewhere.  
 


Seasons / time of day 


 


Data were collected during daylight on eight occasions between July and December.  
 


Species 
 
Not stated 
 
Conditions data collected under  
 


All conditions. 
 


Location / habitat  


 


Marine 10 km offshore. 
 


Turbine / array specification 


 
Egmond aan Zee Offshore Windfarm covers an area of 27 km2 and contains 36 turbines. Each turbine 
has a hub height of 70 m and rotor diameters of 90 m. Turbines are arranged in four rows, with 650 
m between turbines in each row and 1 km between rows. The study of horizontal meso-responses 
was carried covered six turbines at the edge of the windfarm.  
 
Results 


 


There was a statistically significant difference in the numbers of birds flying within 50 m of the 
turbines in comparison to the proportion of birds elsewhere in the study area. Over the course of 
the study period, this reflected a horizontal meso-response rate of 0.34 (i.e. the number of birds 
within 50 m of a turbine was 66% of that elsewhere within the windfarm).  
 


Assessment of methodology 


 


Data used in this study have been collected using radar, meaning near-continuous data collection 
was possible. In order to detect finer scale movements of birds in relation to the windfarm, the 
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resolution of the radar was reduced to cover a distance of 0.75 nautical miles. As a consequence, it 
was possible to detect movements of birds that were as close as 1 m to turbines. However, a key 
limitation of the data is that it is not possible to relate echoes to individual species, or to determine 
whether a single echo reflects an individual birds, or a flock. An additional limitation is that birds at 
low altitudes may have been obscured by high waves, which they exploit in order to minimise energy 
expenditure.  
 


A3.3 Horns Rev I and II 


 


Skov, H., Leonhard, S.B., Heinanen, S., Zydelis, R., Jensen, N.E., Durinck, J., Johansen, T.W., Jensen, 
B.P., Hansen, B.L., Piper, W., Grøn, P.N. 2012. Horns Rev 2 Monitoring 2010-2012. Migrating Birds. 
Orbicon, DHI, Marine Observers and Biola. Report commissioned by DONG Energy 
 


Methods 


 


Radar Monitoring 


 


Between September 2010 and May 2012 Bird movements were recorded using horizontal radar at 
stations within the Horns Rev I and Horns Rev II offshore windfarms. All movements within 6 km of 
the radar were recorded. Two observers were used during the data collection. The first observer 
followed the tracks and recorded information within a database. The second observer attempted to 
locate each of the tracked objects in the field using binoculars or a telescope and relayed 
information  on the species identification, number and altitude to the first observer.   
 


Seasons / time of day 


 


Data were collected during the spring and autumn migration periods during the hours of daylight. 
 


Species 
 
Northern gannet (442 birds), common scoter (2,374 birds), large gulls (408 birds), terns (617 birds).  
 
Conditions data collected under  
 


Data were generally collected during relatively calm conditions (little wind or rain and good 
visibility).  
 


Location / habitat  


 


Horns Rev I is located 17.9 km from the Danish coast and Horns Rev II is located 31.7 km from the 
Danish coast.  
 


Turbine / array specification 


 
Horns Rev I is an array of 80 turbines, each with a hub height of 70 m and a rotor diameter of 80 m.  
Horns Rev II is an array of 91 turbines, each with a hub height of 68 m and a rotor diameter of 93 m. 
 
Results 


 


The study estimated the mean, minimum and maximum distances from turbines recorded by each 
species. On average, northern gannets were recorded passing within 1,119 m of turbines (range 0-
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2,840 m), common scoter were recorded passing within 921 m of turbines (range 0-4,302 m), large 
gulls were recorded passing within 783 m of turbines (range 50-2,252 m) and terns were recorded 
passing within 840 m of turbines (range 0-2,355 m). In practice, without knowing the shapes of these 
distributions, it is hard to use this information to estimate the magnitude or direction of horizontal 
meso-responses to the turbines. In practice, the mean distance to turbines is likely to be strongly 
influenced by the body size of the species concerned, or by their tendency towards flocking 
behaviour, both of which are likely to increase their detection at greater distances. However, of the 
408 large gulls tracked, none passed within 50 m of the turbines, suggesting a strong, negative 
meso-response to the turbines occurring at a distance of at least 50 m.  
 


Assessment of methodology 


 


The way data are presented make it difficult to disentangle meso-responses to the turbines. In 
particular, biases may exist relating to the detectability of different species, which may make the 
estimates of mean distance to turbines unreliable. Of the information presented, the minimum 
distance to turbines for large gulls is of value in estimating a meso-response rate.  
 


A3.4 Hungary 


 


Janoska, F. 2012. Investigations of Bird Collisions in 2 Wind farms. International Scientific Conference 


on Sustainable Development & Ecological Footprint, Sopron, Hungary, March 26-27 2012 
 


Methods 


 


Between November 2010 and November 2011, two Hungarian windfarms were visited every two 
weeks. During visits, the altitude and flight direction of birds were noted.  
 


Seasons / time of day 


 


Data were collected throughout the year. 
 


Species 
 
Yellow-legged gull 
 
Conditions data collected under  
 


No Details given. 
 


Location / habitat  


 


Two terrestrial sites in Hungary. 
 


Turbine / array specification 


 
No details given. 
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Results 


 


Of the yellow-legged gulls recorded, only 2.5% (23/917) were recorded flying within 75 m of 
turbines, reflecting a meso-response of 0.975, and only 0.6% (6/917) were recorded flying within 25 
m of turbines, reflecting a meso-response of 0.994.  
 


Assessment of methodology 


 


Very little detail is given describing the methodology used. As a consequence, these data must be 
interpreted with extreme caution. In particular, it is unclear to what extent data reflect avoidance, 
and to what extent it more generally they reflect the flight paths taken by birds passing through the 
area.  
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APPENDIX 4  EVIDENCE REVIEW VERTICAL MESO-RESPONSE 


 


A4.1 Barrow Offshore Windfarm 


 


Barrow Offshore Wind Limited. Post Construction Ornithological Monitoring – Third Year Report and 


Overall Conclusions.   
 


Methods 


 


Boat-based estimation of flight heights. 


 


Following the construction of Barrow Offshore windfarms, boat-based surveys were carried out 
during the breeding season and autumn migration in 2006, 2008, 2009 and 2010. In total 12 surveys, 
each lasting a single day were carried out, of which 8 were during the breeding season (May to 
August) and 4 during autumn migration (September to November). Boat survey data were collected 
within the windfarm according to standard protocols (Camphuysen et al. 2004) and flying birds were 
assigned to height bands of <5 m, 5- 15 m, 15-100 m and >100 m. Birds at risk of collision were 
assumed to be all those flying >15 m. The proportion of birds observed flying at heights presenting a 
risk of collision were then summarised across all surveys.  Pre-construction proportions at collision 
risk height within the windfarm were compared to post-construction proportions at collision risk 
height post-construction, although no detailed analyses were undertaken.  
 


Seasons / time of day 


 


Data were collected during the breeding season and autumn migration periods. 
 


Species 
 
Auk sp. (238 recorded in 2010), common guillemot (2,002 recorded in 2010), razorbill (691 recorded 
in 2010), great cormorant (5 recorded in 2010), red-throated diver (2 recorded in 2010), black-
headed gull (6 recorded in 2010), common gull (5 recorded in 2010), great black-backed gull (23 
recorded in 2010), herring gull (142 recorded in 2010), black-legged kittiwake (132 recorded in 
2010), lesser black-backed gull (425 recorded in 2010), gull sp. (51 recorded in 2010), Arctic skua (2 
recorded in 2010), northern gannet (53 recorded in 2010), Manx shearwater (12 recorded in 2010), 
Sandwich tern (30 recorded in 2010), common scoter (10 recorded in 2010), 
 
Conditions data collected under  
 
No details given. 
 
Location / habitat  


 


Marine7 km Offshore 
 


Turbine / array specification 


 
An array of 30 turbines covering an area of 10 km2 and arranged in four rows of seven or eight 
turbines each. The rows are separated by a distance of 750 m and within the rows, each turbine is 
separated by a distance of 500 m. Each turbine has a hub height of 75 m above sea-level and a rotor 
diameter of 90 m. 
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Results 


 


Several species were not present in sufficient numbers to allow a reliable estimate of the changing 
proportion of birds flying at a height placing them at risk of collision. Of those that were, common  
guillemot, great black-backed gull, herring gull, lesser black backed gull and Sandwich tern all 
showed a decline in the proportion of birds flying at risk height, with meso-responses of 1, 0.29, 
0.65, 0.28 and 0.55 respectively. However, other species (or groups) showed an increase in the 
proportion of birds flying at risk height including black-legged kittiwake, unidentified gulls and 
northern gannet, with meso-responses of -0.41, -0.85 and -0.59 respectively, reflecting an apparent 
attraction to the rotor-swept area of the turbines.  
 


Assessment of methodology 


 
Boat-based data collection was robust, following standard methodologies (Camphuysen et al. 2004). 
However, in assessing the vertical response to turbines there is a key flaw in the available data. In 
order to compare flight height data to that collected pre-construction, the same flight height bands 
were used in both study periods, and it was assumed that all birds flying at a height of more than 15 
m above sea-level were potentially at risk of collision. However, has the rotor-swept area covers an 
area from 30 m to 120 m above sea-level, this may lead to a significant over-estimate of the actual 
number of birds flying at collision risk height. As a result, the meso-response rates of birds within the 
windfarm may be underestimated. An additional, arguably less serious, flaw in the data collection is 
that estimates of the birds at collision risk height refer to flocks, rather than individuals. Flock size is 
likely to show significant variation, making it difficult to infer what the proportional changes mean in 
relation to actual numbers of birds.  
 
A4.2 Blyth Offshore Windfarm 


 


Rothery, P., Newton, I., Little B. (2009) Observations of seabirds at offshore wind turbines near Blyth 
in northeast England. Bird Study 56, 1-14 
 


Methods 


 


Shore based observations were undertaken between 18 April 1998 and 30 August 2003 covering the 
pre-construction, construction and post-construction periods of Blyth Offshore Windfarm.  
Observations were carried out at pre-determined times, at least twice a month. All passing birds 
were recorded, and it was stated that all birds were visible at a range of 1 km, although the turbines 
are only likely to comprise a small part of the total observation area. All birds were assigned to one 
of four height categories – 0-9.1 m, 9.1-26.4 m, 26.4-92.4 m and >92.4 m.  A total of 70.3 hours of 
monitoring were available for the pre-construction period and 351.6 hours for the post-construction 
period, although no analyses were undertaken to assess the significance of any changes in flight 
height.  
 


Seasons / time of day 


 


Data were collected throughout the year and during daylight hours.  
 


Species 


 
Northern gannet (432 birds post-construction), great cormorant (352 birds post-construction), 
common scoter (341 birds post-construction), common eider (1,034 birds post-construction), black-
headed gull (978 birds post-construction), herring gull (1,408 birds post-construction), great black-
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backed gull (564 birds post-construction), black-legged kittiwake (1,350 birds post-construction), 
Sandwich tern (2,135 birds post-construction). 
 
Conditions data collected under  
 
Data collected under all conditions in which visibility was at least 1 km.  
 
Location / habitat  


 


A shallow spit, approximately 1 km from shore.  
 


Turbine / array specification 


 


Two turbines spaced 200 m apart with a hub height of 59.4 m above mean sea-level and a rotor 
diameter of 66 m.  
 


Results 


 


For each species, the change in the proportion of birds flying at altitudes greater than 9.1 m above 
mean sea-level pre and post-construction are available. For most species, a greater proportion of 
birds fly above 9.1 m post-construction than pre-construction. The increase in the proportion of gulls 
flying above 9.1 m varied from 114-238% during the summer and 267-2,900% in the winter. Similarly 
during the summer, the proportion of gannets flying above 9.1 m increased by 2,800%.  
 


Assessment of methodology 


 
Despite the authors’ assurances, it is unlikely that all birds were detected over the full range of the 
observation area. In particular, birds at lower altitudes may be obscured by waves, or be less visible 
against the sea surface. As a result, the proportion of birds at lower altitudes may have been under-
estimated. In addition, the change in observation platform between pre- and post-construction 
periods is likely to have afforded an improved view of the observation area. These factors mean that 
pre- and post-construction comparisons of the estimates of birds at different altitudes may not be 
reliable. In addition, the presence of the turbines offering a fixed structure with which to assess 
birds' flight heights against, is likely to have improved the accuracy of estimates of flight heights 
made post-construction. Finally, by limiting the comparison to birds above 9.1 m, well below the 
rotor sweep of the turbines, the proportion of birds at risk is likely to be vastly over-estimated. 
 


A4.3 Egmond aan Zee 


 


Krijgsveld, K.L., Fijn, R.C., Japink, M., van Horssen, P.W., Heunks, C., Collier, M.P., Poot, M.J.M., 
Beuker, D., Dirksen, S. 2011. Effect studies offshore wind farm Egmond aan Zee. Final report on 


fluxes, flight altitudes and behaviour of flying birds. Bureau Waardenburg 
 


Methods 


 


Visual observations 


 


Between spring 2007 and December 2009, 405 panorama scans were carried out from a met mast 
on the edge of the Egmond aan Zee Windfarm. Scans were undertaken once an hour during daylight 
covering a 360˚ angle around the windfarm with a pair of 10 x 42 binoculars fixed on a tripod. During 
each observation period, two scans were undertaken, the first to capture birds close to the sea 
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surface and the second to capture birds at greater altitudes. The height of birds was estimated using 
trigonometry to combine the distance and angle between the bird and observer. Birds could be 
viewed to a distance of up to 3 km, although imperfect detection is likely to be an issue at these 
distances. The area covered by each panorama scan is approximately 50% within the windfarm and 
50% outside, allowing for simple comparisons to be made of birds inside and outside of the 
windfarm, although differences were not assessed statistically. 
 


Seasons / time of day 


 


Data were collected during daylight, throughout the year. There was increased effort during the 
spring and autumn migration periods.  
 


Species 
 
Northern gannet, great cormorant,  black-legged kittiwake, black-headed gull, common gull, lesser 
black-backed gull, herring gull, great black-backed gull, Sandwich tern, small gull sp., large gull sp., 
gull sp. 
 
Conditions data collected under  
 
Data collected under all conditions. 
 
Location / habitat  


 


Marine 10 km offshore. 
 


Turbine / array specification 


 


Egmond aan Zee Offshore Windfarm covers an area of 27 km2 and contains 36 turbines. Each turbine 
has a hub height of 70 m and rotor diameters of 90 m. Turbines are arranged in four rows, with 650 
m between turbines in each row and 1 km between rows.  
 


Results 


 


Species varied in their vertical responses to wind turbines. Of the 13 species or groups considered, 
the proportion flying at rotor height was lower inside the windfarm than outside for kittiwake, black-
headed gull, northern gannet, great black-backed gull, Sandwich tern and unidentified gull species 
(no numbers were presented). Large gulls appeared to show little, or no vertical response to the 
turbines, with roughly the same proportion flying at rotor height inside as outside. In contrast, the 
proportions of great cormorants, common gulls, little gulls and other small gulls flying at rotor height 
showed a noticeable increase inside the windfarm. 
 


Assessment of methodology 


 
Data are presented as the proportions of birds at rotor height both within and outside the windfarm. 
Without any details on the number of birds involved, it is difficult to determine the strength of these 
data, and the subsequent findings. Of particular concern is the way in which data for unidentified 
gulls have been presented and the apparent inconsistency in the results for each category which 
show roughly the same proportion of unidentified large gulls at rotor height inside as outside the 
windfarm, more small gulls at rotor height inside than outside the windfarm, but unidentified gulls 
assigned to neither category significantly less likely to be at rotor height within the windfarm. 
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Without more details of the species likely to be covered by each category, and their abundance 
within the study area, it is difficult to assign levels of confidence to the results presented.   
 
A4.4 Gunfleet Sands I and II 


 


RPS. 2008. Gunfleet Sands Monitoring Report, RPS, London 
 


NIRAS. 2011. Gunfleet Sands 2 Offshore Wind farms. Year 1 Post-construction Ornithological 


monitoring. NIRAS, Cambridge 
 


GoBe Consultants Ltd. 2012. Gunfleet Sands Offshore Wind farm I & II – Post Construction Year 2 – 


Marine Licence Environmental Monitoring Report. Prepared for DONG Energy. 
 


Methods 


 


Boat surveys 


 


Pre- and post-construction monitoring data were collected as part of boat surveys following 
standardised methodologies (Camphuysen et al. 2004). Flying birds were assigned to one of the 
following flight height bands <5 m, 5- 15 m, 15 -150 m. Pre-construction surveys were carried out 
between October 2007 and March 2008. Post-construction surveys were carried out between 
October 2010 and March 2011 and between October 2011 and March 2012. However, differences 
were not assessed statistically. 
 


Seasons / time of day 


 


Data were collected over winter, during periods of daylight.  
 


Species 
 
Red-throated diver, black-headed gull, common gull, great black-backed gull, gull sp., herring gull 
Black-legged kittiwake, lesser black-backed gull 
 
Conditions data collected under  
 
No details given. 
 
Location / habitat  


 


Gunfleet Sands I & II offshore windfarms, approximately 7 km from the coast. 
 


Turbine / array specification 


 


Gunfleet Sands I and II contain 48 turbines between them, each with a hub height of 75 m and a 
rotor diameter of 107 m. The projects cover a total area of 16 km2. 
 


Results 


 


The proportion of red-throated divers flying at collision risk height declined following the 
construction of the windfarm, by 39% in winter 2010/11 and by 96% in winter 2011/12. In contrast, 
the proportion of great black-backed gulls at rotor height showed an increase following 
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construction, by 75% in winter 2010/11 and 53% in winter 2011/12. The proportion of herring gulls 
at rotor height showed little change between pre-construction years and either post-construction 
survey. Results for other species were less consistent. For example common gulls showed an 
increase in the proportion at rotor height in 2010/11 compared to pre-construction data, but a 
decrease in 2011/12.  
 


Assessment of methodology 


 
Data were collected following a relatively robust methodology and the height bands used were a 
reasonable match for the dimensions of the rotor swept area of each turbine meaning the 
proportions of birds at risk height are less likely to be significantly over-estimated. However, the 
limited duration of pre- and post- construction surveys, reflected in the quantity of data available, 
means that there may only be limited power to detect significant changes in species flight heights.  
 


A4.5 Nysted/Horns Rev 


 


Blew, J., Hoffman, M., Nehls, G., Hennig, V. 2009. Investigations of the bird collision risk and the 


responses of harbour porpoises in the offshore windfarms Horns Rev, North Sea, and Nysted, Baltic 


Sea, in Denmark.  
 


Methods 


 


X-Band Radar 


 


The spring and autumn migration periods were monitored at Horns Rev and Nysted in 2005 and 
2006 using x-band radar mounted on vessels anchored in each windfarm. In total, across both 
windfarms 71.5 days of monitoring were carried out during the spring and 93.5 days during the 
autumn. Data were captured up to a height of 1,500 m and movements were examined in two 
height bands <200 m and 200-500 m. All birds tracked for > 100 m and showing a change in 
movement of >20 m were considered to have changed altitude.  
 


Seasons / time of day 


 


Data were collected throughout spring and autumn in 2005 and 2006. 
 


Species 
 
Having used radar, it was not possible to determine the species captured by the radar. 
 
Conditions data collected under  
 
It was not possible to collected data during periods of strong wind or heavy rain. However, all other 
conditions were covered.  
 
Location / habitat  


 


Horns Rev 17.9 km from the Danish North Sea Coast. 
Nysted 10.8 km from the Danish Baltic Sea Coast. 
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Turbine / array specification 


 


Horns Rev is an array of 80 turbines covering an area of 21 km2. Each turbine has a hub height of 70 
m and a rotor diameter of 80 m. 
 
Nysted is an array of 72 turbines covering an area of 26 km2. Each turbine has a hub height of 69 m 
and a rotor diameter of 82 m. 
 


Results 


 


Across both windfarms, and within the 0-200 m observation band, 4.8% of birds flying towards the 
windfarm were shown descending by more than 20 m and 13.4% were shown ascending by more 
than 20 m during the day time. At night time, the values were 2.9% and 13.6% respectively. 
However, these proportions did not differ significantly from the observations within the 200-500 m 
band, suggesting that the change in flight heights did not differ from what may be expected to occur 
by chance and are therefore unlikely to reflect avoidance behaviour.   
 


Assessment of methodology 


The rotor swept-area of each turbine covers altitudes from 20-110 m. Consequently, as data were 
relatively coarse and restricted to all flights within a band of 0-200 m, it may not have been possible 
to detect responses to turbines. In addition, having used radar, any responses to turbines that had 
been recorded could not have been identified to species level. 
 


A4.6 Robin Rigg 


 


Natural Power Consultants. 2013. Analysis of Marine Environmental Monitoring Plan Data from the 


Robin Rigg Offshore Wind farm, Scotland (Operational Year 3). Natural Power, Castle Douglas. 
 


Methods 


 


Boat-based surveys 


 


Pre- and post-construction boat surveys were carried out within the windfarm following standard 
methodologies (Camphuysen et al. 2004). Birds in height were assigned to bands of 0-5 m, 6-25 m, 
26-34 m, 35-125 m, 126-200 m and >200 m. Surveys were carried out on a bi-monthly basis prior 
during pre-construction monitoring (2001-2007) and on a monthly basis during post-construction 
monitoring (2010-2011). Where sufficient data were available, differences in the proportions of birds 
flying at rotor height were assessed using a chi-squared test.  
 


Seasons / time of day 


 


Surveys were carried out throughout the year, during daylight. 
 


Species 
 
Common scoter, red-throated diver, diver sp., Manx shearwater, northern gannet, great cormorant, 
black-legged kittiwake, herring gull, great black-backed gull, gull spp, common guillemot, razorbill, 
auk spp. 
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Conditions data collected under  
 
No details given. 
 
Location / habitat  


 


Robin Rigg Offshore Windfarm, 11 km from shore.  
 


Turbine / array specification 


 


Robin Rigg is an array of 60 turbines, each with a hub height of 80 m and a rotor diameter of 88 m. 
The turbines are spaced at intervals of approximately 500 m.  
 


Results 


 


There were no significant differences in the proportions of birds flying at rotor height during pre- 
and post-construction surveys for common scoter and red-throated diver. However, the proportion 
of northern gannet, great cormorant, black-legged kittiwake and large gull species flying at rotor 
height within the windfarm all increased between pre- and post-construction. However, the low 
power of the data was noted raising concerns over the validity of the results.  
 


Assessment of methodology 


 
Flight height data were not collected following the standard ESAS methodology and concerns are 
raised that this is likely to lead to a double counting of individuals, meaning estimates of changes in 
the proportion of birds at collision risk height may not be reliable.   
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APPENDIX 5  EVIDENCE REVIEW MICRO-AVOIDANCE 


 


A5.1 Egmond aan Zee 


 


Krijgsveld, K.L., Fijn, R.C., Japink, M., van Horssen, P.W., Heunks, C., Collier, M.P., Poot, M.J.M., 
Beuker, D., Dirksen, S. 2011. Effect studies offshore wind farm Egmond aan Zee. Final report on 


fluxes, flight altitudes and behaviour of flying birds. Bureau Waardenburg 
 


Methods 


 


Between July and December 2009, the flight paths of birds around six turbines were observed 
visually. These flight paths were then related to short range radar tracks in order to estimate the 
altitude and distance to nearest turbine. As a result, a dataset containing high resolution 
observations of bird behaviour around turbines was created. Birds were assigned to 5 m horizontal 
distance bands beginning at the rotor hub. All birds flying between 20 and 120 m above sea-level 
(reflecting the rotor-swept area of each turbine) were considered to be at risk of collision and the 
number of birds within each 5 m band was compared to the number of birds that would have been 
expected if they had been distributed evenly. To assess the level of last-second avoidance action 
taken, the number of birds within the 45-50 m band (just outside the rotor-sweep) was compared to 
the number of birds recorded between 0 and 45 m from the rotor hub.  
 


Seasons / time of day 


 


Data were collected during daylight on eight occasions between July and December.  
 


Species 
 
Seabirds, waterbirds and other migrants.  
 
Conditions data collected under  
 


All conditions. 
 


Location / habitat  


 


Marine, 10 km offshore. 
 


Turbine / array specification 


 
Egmond aan Zee Offshore Windfarm covers an area of 27 km2 and contains 36 turbines. Each turbine 
has a hub height of 70 m and rotor diameters of 90 m. Turbines are arranged in four rows, with 650 
m between turbines in each row and 1 km between rows. The study of micro-avoidance covered six 
turbines at the edge of the windfarm.  
 


Results 


 


Whilst 1,610 birds in 409 groups were recorded over the course of the study, only 115 in 52 groups 
were recorded passing within 50 m of the turbines. Of these, only 36 birds were recorded between 
20 and 120 m, at heights placing them at risk of collision. Of the 36 birds passing within 50 m of the 
turbine and at rotor height, it is reported that 0.926 did not fly within the rotor swept window of the 
turbine (i.e. 2-3 birds). This would reflect a micro-avoidance rate of 0.926.  
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Assessment of methodology 


 


The described methodology of combining visual and radar observations to record the tracks of birds 
approaching turbines is robust. This makes it possible to relate tracks to individual species and to 
determine how close each individual, or flock, gets to a turbine. Focussing on the area 50 m either 
side of the rotor hub and comparing the proportion in the 45-50 m band to the proportion in the 0-
45 m band data is likely to capture the type of last-minute action covered by micro-avoidance.   
 
However, only limited weight can be given to the data presented here. Observations were recorded 
on only four days, during which only 36 birds were recorded passing within 50 m of the turbine, the 
distance presented to represent micro-avoidance. This figure may be substantially inflated as it 
includes a single observation of a flock of 28 skylark.  
 


A5.2 Greater Gabbard 


 


RPS. 2011. Galloper Wind farm Project Environmental Statement – Technical Appendices 2: Appendix 


4: Greater Gabbard post-construction vantage point surveys, RPS, Glasgow 
 
Methods 


 


Visual Observations 


 


Two surveyors collected data from 180˚ arcs to the port and starboard sides of a stationary vessel 
within Greater Gabbard Offshore Windfarm. Each arc had a radius of 2 km and all birds entering 
each arc were recorded during snapshot counts taken every 15 seconds. The location of the boat 
and the viewing area, which covered a total of 15.9 km2, included seven operational turbines and a 
total of 36 hours of data were collected during the survey. The flight paths of each bird within the 
viewing area were noted, as was the proportion of time each bird spent at different heights. 
 
Seasons / time of day 


 


Data were collected between 1st June 2011 and 28th July 2011, with each survey lasting four hours. 
 
Species  
 
Northern gannet (0.14 birds/hr), Arctic skua (0.03 birds/hr), lesser black-backed gull (3.69 birds/hr), 
herring gull (0.11 birds/hr), black-legged kittiwake (1.28 birds/hr). 
 
Conditions data collected under  
 
Conditions were limited to sea-states one and two, to ensure the vessel remained as a stable 
observation platform. 
 
Location / habitat  


 


Greater Gabbard, UK (offshore). 
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Turbine / array specification 


 


The survey monitored seven operational turbines, each with a hub height of 77.5 m and a rotor 
diameter of 107 m. 
 


Results 


 


Over the course of the study period, 190 flights through the area were recorded. Of these, the vast 
majority did not pass close to the turbines. Given the proportion of the total study area occupied by 
turbines, this is unsurprising. As a consequence, only a single evasive manoeuvre, involving a 
kittiwake, was recorded.  
 


Assessment of methodology 


 
The length of the observation periods carried out during this study were extremely limited, so it is 
difficult to make an accurate assessment of how widespread different avoidance actions are. In 
addition, records of avoidance action have been made in a subjective fashion, both in relation to 
assessing the number of birds on a collision course for the turbines, and in assessing the actions 
recorded. For these reasons, it is not possible to quantify the micro-avoidance behaviour reported in 
this study.  
 
A5.3 Kessingland Windfarm 


 


Wild Frontier Ecology. 2013. Kessingland Windfarm Annual Post-construction Monitoring Report 


Year 2. Wild Frontier Ecology, Norfolk 
 


Methods 


 


Bird activity was monitored within the windfarm through nine two-hour vantage point surveys at 
each turbine carried out between November 2012 and March 2013. In total 36 hours of survey effort 
was completed throughout the study period. The response of birds whose flight paths were likely to 
overlap with turbines was noted.  
 


Seasons / time of day 


 


Late morning – early afternoon during winter. 
 


Species 
 
Black-headed gull (97 birds/hr), common gull (31.4 birds/hr), lesser black-backed gull (11 birds/hr), 
herring gull (56.72 birds/hr), great black-backed gull (0.28 birds/hr). 
 
Conditions data collected under  
No details given. 
 
Location / habitat  


 


Kessingland, Suffolk, UK (terrestrial). 
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Turbine / array specification 


 


Two turbines with hub heights of 80 m and rotor diameters of 92 m.  Distance between turbines 
within each row is not described. 
 


Results 


 


All birds recorded as being on a collision course with the turbines were observed to take evasive 
action to avoid collision. Typically this action occurred at a distance of 0-50 m from the turbine. Over 
the course of the study period, five black-headed gulls, two lesser black-backed gulls and a herring 
gull were recorded taking evasive action. In three instances this involved a change in altitude to fly 
below the rotor blades, whilst in other instances it involved a change to flight direction. In the case 
of the two lesser black-backed gulls, both were observed to take last minute evasive action at just 
five metres from the blades. 
 


Assessment of methodology 


 


The length of the observation periods carried out during this study were extremely limited, so it is 
difficult to make an accurate assessment of how widespread different avoidance actions are. In 
addition, records of avoidance action have been made in a subjective fashion, both in relation to 
assessing the number of birds on a collision course for the turbines, and in assessing the actions 
recorded and the distances at which they occur. For these reasons, it is not possible to quantify the 
micro-avoidance behaviour reported in this study.  
 


A5.4 Nysted 


 


Desholm, M. 2005. TADS investigations of avian collision risk at Nysted offshore wind farm, autumn 


2004. NERI, Denmark 
 
Petersen, I.K., Christensen, T.K., Kahlert, Desholm, M., Fox, A.D. 2006 Final results of bird studies at 


the offshore wind farms at Nysted and Horns Rev, Denmark, NERI, Denmark 
 


Methods 


 


Using a Thermal Animal Detection System (TADS) all bird movements past a single turbine during 
spring and autumn 2004 and spring and autumn 2005 were recorded. Birds were detected at 
distances of up to 120 m.   
 


Seasons / time of day 


 


Data were collected throughout both day and night in the spring and autumn. 
 


Species 
 


Mostly migrant passerines and waterbirds. 
 


Conditions data collected under  
 


All conditions. 
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Location / habitat  


 


Located approximately 11 km offshore in the Danish part of the Baltic Sea.  
 


Turbine / array specification 


 


An array of 72 turbines arranged in eight rows of nine turbines each. Turbines have a hub height of 
69 m and a rotor diameter of 92 m.  
 


Results 


 


In over 123 days of continuous monitoring, cameras captured 5,507 video sequences of which only 
14 were found to include birds. Of these, none revealed birds passing close to the turbine.  
 


Assessment of methodology 


 
The methodology is robust with sufficient capability to record all birds passing the turbine over the 
study period. However, the low frequency with which birds were recorded passing close to the 
turbine suggests that the data are unlikely to have sufficient power to detect avoidance activity.  
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APPENDIX 6  EVIDENCE REVIEW WITHIN-WINDFARM AVOIDANCE 


 
A6.1 Avonmouth Docks 


 


The Landmark Practice. 2013. Birds and Wind Turbines At Avonmouth Docks. Year 5 Monitoring 


Report for Ecotricity. The Landmark Practice, Bristol 
 


Methods 


 


Monitoring was undertaken at the Avonmouth Docks windfarm between October and March in the 
winters of 2007/08, 2008/09, 2009/10, 2011/12. Three vantage point surveys, each lasting three 
hours, were carried out in each month to record bird activity at the site. Flight altitude was 
estimated in five bands 0-20 m, 20-40 m, 40-80 m, 80-160 m and >160 m.  
 
During the visits for each vantage point survey, a search with a radius of 60 m around each turbine 
was carried for corpses. Additional surveys were carried out following periods of severe weather. In 
total 343 checks were carried out around the base of each turbine in the post-construction period.  
 


Seasons / time of day 


 


Vantage point surveys were carried out between October and March, and timed so that periods of 
rising, falling and high tide were covered each month.  
 


Species 
 
Black-headed gull (4.4 birds/hr 2007/08, 7.1 birds/hr 2008/09, 2.9 birds/hr 2009/10, 12.8 birds/hr 
2011/12), herring gull (6.8 birds/hr 2007/08, 13 birds/hr 2008/09, 18.8 birds/hr 2009/10, 38.2 
birds/hr 2011/12) 
 
Conditions data collected under  
 
Not stated. 
 
Location / habitat  


 


Avonmouth Docks, coastal.  
 


Turbine / array specification 


 


A line of 3, 2 MW Enercon E82 turbines, with a hub height of 79m and a rotor diameter of 83 m.  
 


Results 


 


A single black-headed gull was identified as a probable collision victim in the winter of 2007/08. An 
average of 4.4 black-headed gulls were recorded passing through the site over the study period, 
suggesting a total flux rate of 10,530 birds, of which 57 were predicted to collide based on option 1 
of the Band model, 2 were predicted to collide based on option 2 of the Band model and 1 was 
predicted to collide based on option 3 of the Band model. This reflects avoidance rates of 0.9826 
using option 1 of the Band model, 0.5152 using option 2 of the Band model and -0.0005 using option 
3 of the Band model.  
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Assessment of methodology 


 


The corpse search methodology is likely to provide an accurate estimate of collision numbers as 
previous studies have shown that the majority of corpses are recovered within 40 m of a turbine 
base (Orloff & Flannery 1992, Munster et al. 1996, Howell 1997). Furthermore, corpses were 
examined to confirm collision as cause of death. No corrections were carried out to account for 
searcher efficiency or predator activity. However, given the habitat surrounding the turbines and the 
frequency of searches through the study period, it is unlikely corpses would have been missed. Bird 
activity surveys were carried out throughout the study period and are therefore likely to give a 
realistic impression of bird activity in the area.  
 
As the bird activity surveys were carried out concurrently with the corpse searches and covered the 
same area, these data were combined with data from other sites to estimate representative 
avoidance rates.  
 


A6.2 Altamont Pass 


 


Thelander, C.G., Smallwood, K.S. & Rugge, L. 2003. Bird risk behaviours and fatalities at the Altamont 


Pass Wind Resource Area. National Renewable Energy Laboratory, Colorado. 
 
Methods 


 


Visual observations and fatality searches. 


 


Circular areas with a 50 m radius around the base of 685 wind turbines were searched for corpses  
every five to six weeks between 1998 and 2000. These searches were combined with 1,958 30 
minute point counts carried out in 20 study plots on 303 different days between 1998 and 2000. 
 
Seasons / time of day 


 


Counts carried out throughout the year and between 0700 h and dusk. 
 
Species  
 
Gulls (0.48 birds/hour). 
 
Conditions data collected under  
 
All conditions unless wind or rain resulted in visibility dropping to <60 m. 
 
Location / habitat  


 


Altamont Pass, California, U.S.A. (terrestrial). 
 
Turbine / array specification 


 


685 turbines arranged in 109 rows across an area of 50 km2. Turbine hub heights ranged from 14 m-
30 m, with rotor diameters of 17-23 m. Distance between turbines within each row is not described. 
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Results 


 


At this site, a total of five gulls, of unknown species, were recovered following collision with 
turbines. Across the study plots as a whole, the average rate at which gulls passed through the 
windfarm was 0.48 birds per hour, reflecting a total of 7,428 gull movements within the area over 
the two year study period. Site specific flight height data were not available, so it was not possible to 
calculate an avoidance rate based on option 1 of the Band model. Assuming no avoidance behaviour, 
and a bird with the characteristics of a herring gull, the total number of collisions expected would 
have been 296 per annum under option 2 of the Band model and 295 under option 3 of the Band 
model. The collision rate of five birds over the study therefore indicates a within-windfarm 
avoidance rate of 0.9831 using option 2 and 0.9831 using option 3. The similarity between these 
values reflects the relatively small size of the turbines installed at the site, in particular the rotor-
swept area, diameters of 17-23 m are significantly smaller than many of the turbines installed at 
offshore sites.  
 
Assessment of methodology 


 


The corpse search methodology is likely to provide an accurate estimate of collision numbers as 
previous studies have shown that the majority of corpses are recovered within 40 m of a turbine 
base (Orloff & Flannery 1992, Munster et al. 1996, Howell 1997). Furthermore, corpses were 
examined to confirm collision as cause of death. Correction factors were applied to account for 
carcass removal by scavengers, but not to correct for searcher efficiency. However, the limited size 
of the search area and terrain made it unlikely that any corpses would have been undetected. 
 
To minimise the effects of observer bias in point counts, paired observations were carried out during 
the early part of the study period so that different observers calibrated their perceptions of altitude, 
distance and behaviour with one another. However, no correction was applied for the detection 
distance of different species. This is a concern given that study plots were up to 4 km2, meaning that 
the total number of birds present within the study areas may have been an underestimate and that, 
therefore, the final, derived avoidance rate would also have been an underestimate. 
 
However, as it has been necessary to extrapolate bird activity data across the site, this has not been 
combined with data from other sites to identify representative avoidance rates.  
 
A6.3 Blyth Harbour 


 


Visual observations and fatality searches. 


 


Lawrence, E.S., Painter, S. & Little, B. 2007. Responses of birds to the wind farm at Blyth Harbour, 
Northumberland, UK. In de Lucas, M., Janss, G.F.E., Ferrer, M. 2007. Birds and Wind farms Risk 


Assessment and Mitigation, Quercus, Madrid. 
 
Newton, I. & Little, B. 2009. Assessment of wind farm and other bird casualties from carcasses found 
on a Northumbrian beach over an 11-year period. Bird Study, 56, 158-167. 
 


Methods 


 


Once a week over an 11 year period, a 4.7 km stretch of beach near Blyth in Northumberland was 
searched for corpses. Depending on the condition of the birds, an attempt was made to assign a 
cause of death to each carcass, and those with symptoms thought to be typical of collision with a 
wind turbine – head or one or both wings missing, broken bones blood in body cavity and a ruptured 
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liver – were identified. The total number of carcasses found was then corrected to account for those 
lost to scavengers, those not washed up on the beach and those not found during searches.  
 
Between October 1996 and August 1998, 31 three hour-long periods of observation were made of 
flight activity perpendicular to the turbine row and in the vicinity of five of the nine turbines. 
Observations were made from a point on the shore opposite the turbines, at a distance of 
approximately 80 m. In total 93 hours of observational data were collected.  
 
Seasons / time of day 


 


Fatality data were collected throughout the year. Bird activity data were also collected throughout 
the year, between the hours of 0800 and 1500 h, with observation periods split equally between the 
morning and afternoon.  
 
Species  
 
Around 80% of the flight activity within the windfarm involved herring gull and great black-backed 
gull, and other gull species made up a significant proportion of the remaining species. However, as 
species-specific data were not available regarding the corpses collected and it was stated that the 
majority of those collected belonged to gulls, to calculate an avoidance rate, it was necessary to 
consider gulls collectively.  
 
Conditions data collected under  
 
No details given. 
 
Location / habitat  


 


Blyth Harbour breakwater, Northumberland, UK (coastal). 
 
Turbine / array specification 


 


Nine turbines arranged in a row along a harbour breakwater. The turbines are spaced at 200 m 
intervals and have a hub height of 25 m with a 25 m rotor diameter.  
 
Results 


 


Results were presented as average collision rates and passage rates over the study period as a 
whole. Based on the data presented an average of 417,954 birds, most of which were large gulls, 
would have been expected to pass through the windfarm over the study period. Of these, 
approximately 3,047, assuming birds with the characteristics of a herring gull, would have been 
expected to collide with turbines in the absence of avoidance behaviour using option 1 of the Band 
Model and 3,083 using option 2 and 3,007 using option 3. Having corrected for the imperfect 
detection of corpses, between 148.5 and 193.5 collisions with wind turbines were expected in an 
average year. This suggests a within-windfarm avoidance rate of 0.3966-0.5369 using option 1, 
0.4037-0.5423 using option 2 and 0.3886-0.5308 using option 3.   
 
  







 


BTO Research Report No. 656 


September 2014 212 


Assessment of methodology 


 


The fatality searches were intensive throughout the study period and followed a robust 
methodology to account for corpses that went undetected. In particular, the potential for corpses to 
wash up within the study area was tested experimentally.  
 
The observational data were limited to a two year period in the middle of the study. The data may 
have underestimated gull movements within the surrounding area for two key reasons. Firstly, no 
corrections were applied to account for imperfect detection of birds. Secondly, by limiting 
observations to the period between 0800 and 1500 h, key movements of gulls to and from roost 
sites may have been missed during the summer and autumn. Underestimating bird activity within 
the area would lead to an underestimate of the number of collisions expected in the absence of 
avoidance behaviour, and consequently, the final derived avoidance rates would also be 
underestimated.  
 


Activity data were only collected between 206 and 2008 and only between turbines 5 and 9. As the 
mean annual collision rates relate to the whole of the study period, and to all 9 turbines, it is 
necessary to extrapolate activity data both temporally and spatially to derive a flux rate. Therefore, 
these data have not been included when deriving representative avoidance rates.  
 


A4.4 Blyth Offshore Windfarm  


 


Rothery, P., Newton, I. & Little, B. 2009. Observations of seabirds at offshore wind turbines near 
Blyth in northeast England. Bird Study, 56, 1-14 
 


Methods 


 


Visual observations 


Following the installation of the offshore turbines, observations of birds in the vicinity of the 
turbines were made on 177 occasions between 12 January and 30 August 2003, totalling almost 352 
hours of observation. Observations were made from the shore and distances and heights of flying 
birds were calibrated against objects of known size and fixed locations.  
 
Seasons / time of day 


 


Observations were made between January and August. Data collection was focussed on the period 
between 1130 and 1600, consequently, during the summer movements to and from breeding 
colonies may have been missed.  
 
Species  
 
Northern gannet (1.23 birds/hr), great cormorant (1 bird/hr), common scoter (0.96 birds/hr), 
common eider (2.77 birds/hr), black-headed gull (2.78 birds/hr), herring gull (4 birds/hr), great black-
backed gull (1.6 birds/hr), black-legged kittiwake (3.83 birds/hr), Sandwich tern (6.07 birds/hr). 
 
Conditions data collected under  
 
No details given. 
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Location / habitat  


 


Blyth, Northumberland, UK (offshore). 
 
Turbine / array specification 


 


Two turbines separated by 200 metres. Each turbine had a hub height of 59.4 m above mean sea-
level and a rotor diameter of 66 m. 
 
Results 


 


Throughout the study period, no collisions were recorded involving any of the species observed in 
the vicinity of the windfarm, reflecting a within-windfarm avoidance rate of 1.0000 for each species 
considered (Northern gannet, great cormorant, common scoter, common eider black-headed gull  
herring gull, great black-backed gull, black-legged kittiwake  and Sandwich tern). 
 
Assessment of methodology 


 


No corrections were applied to account for the imperfect detection of birds during the survey. 
Consequently, the true level of bird activity within the study area was likely to have been 
underestimated. Additionally, it was not possible to search for carcasses, meaning that inferences 
about avoidance behaviour can only be drawn from the failure of observers to detect a collision 
from a total of 352 hours of monitoring. Given the low probability of a collision occurring, and the 
levels of flight activity recorded, this outcome is unsurprising. It is also important to note that the 
size of the OWF was very small (two turbines) and therefore caution must be applied when 
considering how applicable these avoidance rates are for much bigger arrays. 
 
As insufficient observational data have been collected to record a collision, these data have not been 
included in those used to derive representative avoidance rates.  
 
A6.5 Boudwijnkanaal 


 


Everaert, J. 2008. Effecten van windturbines op de fauna in Vlaanderen: Onderzoeksresultaten, 


discussie en aanbevelingen. INBO, Brussels 
 
Everaert, J. & Kuikjen, E. 2007. Wind turbines and birds in Flanders (Belgium): Preliminary summary 


of the mortality research results. INBO, Brussels 


 


Everaert, J., Devos, K. & Kuijken, E. 2002. Windturbines en vogels in Vlaanderen: Voorlopige 


onderzoeksresultaten en buitenlandse beviningen. INBO, Brussels 
 
Methods 


 


Visual observations and fatality searches. 


 


Systematic fatality searches were carried out once every 14 days between 2001 and 2006. Searches 
were carried within a circular area, with a radius of 100 m, centred on each turbine. Corrections 
were applied to the data to account for imperfect detection and searcher efficiency.  
 
Observational data describing the number of birds passing the turbine hub were collected between 
September and December 2005 between turbines 8 and 14. The resultant data were used to 
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extrapolate the total number of birds likely to have passed the turbines over this period. 
Observational data are presented as a mean daily total collected during the period from two hours 
before dawn to four hours after dusk in October, reflecting a total of 17 hours of observations.  
 
Seasons / time of day 


 


Fatality data were collected throughout the year, behavioural data were collected between 
September and December. 
 
Species  
 
Gulls (1,075 birds/day). 
 
Conditions data collected under  
 
No details given. 
 
Location / habitat  


 


Boudwijnkanaal, Brugge, Belgium (terrestrial). 
 
Turbine / array specification 


 


A row of 14 turbines, each with a hub height of 55 m and a rotor diameter of 48 m.  Distance 
between turbines within each row is not described. 
 
Results 


 


Collisions involving gulls were recorded in each year of the study, with a minimum of 21.2 collisions 
occurring in 2001 when only five of the 14 turbines were operational and a maximum of 264.6 
collisions occurring in 2003, when all 13 turbines were operational. Behavioural data were only 
collected between September and December 2005 from between turbines 8 and 14. Extrapolating 
from these data to estimate the total number of collisions expected in each year in the absence of 
any avoidance action gives predictions of 550 collisions in 2001 using option 1 of the Band model, 
252 using option 2 and 227 using option 3, and 3,262 collisions in each year between 2002 and 2006 
using option 1, 1,497 using option 2 and 1,348 using option 3. Based on these analyses, within-
windfarm avoidance rates would have been 0.9615 in 2001, 0.9299 in 2002, 0.9189 in 2003, 0.9284 
in 2004, 0.9287 in 2005 and 0.9338 in 2006 using option 1. Using option 2, meso-micro avoidance 
rates would have been  0.9160, 0.8472, 0.8232, 0.8440, 0.8446 and 0.6990. Using option 3, meso-
micro-avoidance rates would have been 0.9067, 0.8302, 0.8037, 0.8268, 0.8273 and 0.6656 
respectively. 
 
However, bird activity was only recorded around turbines 8 and 14 in October 2001 and October 
2005. If we consider collisions recorded around these turbines in each of these time periods, the 
predicted number of collisions is 103 herring gulls in October 2001 and 145 black-headed gulls, 90 
herring gulls and 260 birds in total during October 2005. The actual number of collisions recorded 
was 1, 6, 4 and 11 respectively, reflecting avoidance rates of 0.9903, 0.9586, 0.9556 and 0.9577 
using option 1 of the Band model, 0.9789, 0.3658, 0.7865 and 0.8077 using option 2 of the Band 
model and 0.9765, 0.1886, 0.7629 and 0.7865 using option 3 of the Band model.   
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Assessment of methodology 


 


Fatality data have been collected on a regular basis and following a robust methodology. Corrections 
have been applied to these data to account for the imperfect detection of corpses due to scavenger 
behaviour and searcher efficiency.  
 
The observational data that have been collected are extremely limited. Data collection has been 
restricted to the September to December period in a single year. It is unclear how accurately this 
reflects bird movements within the windfarm over the rest of the study period. This may have a 
significant, but unquantifiable impact on the final, derived within-windfarm avoidance rates. In 
addition, it is unclear whether corrections have been applied to the observational data to account 
for the imperfect detection of birds.  
 
Using the overall data, it is necessary to make both spatial and temporal extrapolations to estimate 
the avoidance rates. For this reason, we only use the data collected around turbines 8-14 in October 
2001 and 2005 to derive representative avoidance rates.  
 
A6.6 Bouin 


 


Dulac, P. 2008. Evaluation de l’impact du parc eolian de Bouin (Vendee) sur l’avifaune et les chauves-


souris. Bilan de 5 anness de suivi. Ligue pour la Protection des Oiseaux, Nantes. 
 
Methods 


 


Visual observations and fatality searches. 


 


Weekly searches were carried out for corpses at the foot of turbines between 2002 and 2006. 
Searches were restricted to a 100 m2 box centred on each turbine. To aid searching, each box was 
divided into a grid with squares of 25 m2.  
 
Observational data were collected from four points, covering 1 km each. Each month a two hour 
count was made from each point, with a total of 474 hours of observational data collected from the 
site as a whole between 2002 and 2006.  
 
Seasons / time of day 


 


Data were collected throughout the year and protocols were designed so that full day was covered. 
 


Species  
 
Black-headed gull (16.23 birds/hr), herring gull (2.26 birds/hr), other gulls (2.09 birds/hr). 
 
Conditions data collected under  
 
The observational protocol was designed to collect data throughout the tidal cycle and in all weather 
conditions.  
 
Location / habitat 


 


Bouin, Baie de Bourgneuf, France (Coastal) 
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Turbine / array specification 


 


A single row of eight turbines, each with a hub height of 60 m and a diameter of 80 m. Distance 
between turbines within each row is not described. 
 
Results 


 


At this site, 30 gulls were recovered from turbine bases over the course of a four year study period. 
Of these, 28 were black-headed gulls, one was a yellow-legged gull and one was a Mediterranean 
gull. Using option 1 of the Band model, 584 black-headed gulls and 206 ‘other’ gulls were predicted 
to collide with the turbines, reflecting avoidance rates of 0.9520 and 0.9903 respectively. For option 
2, 483 and 354 birds were predicted to collide respectively, reflecting avoidance rates of 0.9421 and 
0.9943. For option 3, the corresponding figures were 237 and 251 birds predicted to collide 
reflecting avoidance rates of 0.8820 and 0.9920. No collisions were recorded for herring gulls, 
despite a predicted collision rate of 216 per annum, reflecting a within-windfarm avoidance rate of 1 
for options 1, 2 and 3 of the Band model.  
 
Assessment of methodology 


 


Fatality data were collected following a robust protocol, with corrections applied to account for birds 
lost to scavengers and search efficiency. The intensive nature of these searches, weekly over a four 
year period, is likely to mean that fatality rates were estimated with a high degree of accuracy. 
 
Observational data were collected over a four year period. However, no corrections were applied to 
account for imperfect detection. Consequently, bird activity in the area and the derived within-
windfarm avoidance rates were likely to have been underestimated.  
 
As activity data were a spatial and temporal match for the period over which collision data were 
collected, these data were included when estimating representative avoidance rates.  
 


A6.7 Buffalo Ridge 


 


Johnson, G.D., Erickson, W.P., Strickland, M.D., Shepherd, M.F., Shepherd, D.A. 2000. Avian 


Monitoring Studies at The Buffalo Ridge, Minnesota Wind Resource Area: Results of a 4-year study. 
Western EcoSystems Technology Inc., Wyoming. 
 


Methods 


 


Visual observations and fatality searches. 


 


Fatality searches were carried out within 126 m x 126 m plots, centred on 61 turbines. Searches 
were carried out every two weeks and observers covered the area by walking parallel transects 
separated by a distance of 6 m. This was combined with a series of large bird counts carried out 
every two weeks for a 0.8 km radius surrounding each of six observation stations. During each 
survey, two 30 minute observations were made, one in the morning and one in the afternoon. In 
total 70 hours of survey data were collected over the course of the study period.  
 
Seasons / time of day 


 


Fatality searches were carried out throughout the year. Large bird counts were carried out between 
0800 and 1600 h and restricted to the period from 15 March to 15 November. 
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Species  
 
Herring gull (0.1 birds/hour). 
 
Conditions data collected under  
 
No details given.  
 
Location / habitat  


 


Buffalo Ridge, Minnesota, U.S.A. (terrestrial). 
 
Turbine / array specification 


 


143 turbines arranged in 26 rows with between 100 m and 200 m between each turbine. Each 750 
kW turbine had a hub height of 50 m and a diameter of 48 m. 
 
Results 


 


At this site, one herring gull was recovered following collision with turbine. Across the study plots as 
a whole, the average rate at which herring gulls passed through the windfarm was 0.03 birds per 
hour, reflecting a total of 625 gull movements within the area over the two year study period. 
Assuming no avoidance behaviour, the total number of collisions expected would have been 3 using 
option 1 of the Band model, 5 under option 2 of the Band model and 5 under option 3 of the Band 
model. The collision rate of 1 bird over the study therefore indicates a within-windfarm avoidance 
rate of 0.6503 using option 1, 0.8149 using option 2 and 0.7923 using option 3.  
 
Assessment of methodology 


 


The methodology was generally sound with a well-structured search likely to detect all corpses 
within the study area. Corrections were made for both corpses removed by scavengers and also 
searcher efficiency. The large bird survey also followed a sound methodology, with corrections 
applied to account for imperfect detection. However, as observations were limited to 0800 to 1600 h 
and November to March, it is possible that they failed to detect daily or seasonally important gull 
movements. This may reflect the fact that raptors were the primary concern at this site.  
 
As it was necessary to extrapolate bird activity data spatially to estimate an avoidance rate, these 
data have not be included when deriving representative avoidance rates.  
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A6.8  De Put 


 


Everaert, J. 2008. Effecten van windturbines op de fauna in Vlaanderen: Onderzoeksresultaten, 


discussie en aanbevelingen. INBO, Brussels 
 
Everaert, J. & Kuikjen, E. 2007. Wind turbines and birds in Flanders (Belgium): Preliminary summary 


of the mortality research results. 
 
Methods 


 


Visual observations and fatality searches. 


 


Systematic fatality searches were carried out once every 14 days between April 2005 and March 
2006. Searches were carried within a circular area, with a radius of 100 m, centred on each turbine. 
No correction factors were used to account to scavengers or imperfect searcher efficiency.  
 
Observational data describing the number of birds passing within 100 m of the turbine hub were 
collected between January and February 2006, the period in which the corpses were recovered. The 
resultant data were used to estimate the total number of birds likely to have passed the turbines 
over this period. In total 18 hours of survey data were collected.  
 
Seasons / time of day 


 


Observational data were collected throughout the day during January and February 2006. 
 
Species  
 
Black-headed gull and common gull (3,186 during the study period). 
 
Conditions data collected under  
 
No details given. 
 
Location / habitat 


 


De Put, Nieuwkapelle, Belgium (terrestrial).  
 
Turbine / array specification 


 


A row of two turbines, each with a hub height of 75 m and a rotor diameter of 100 m. 
 
Results 


 


In January and February 2006, the corpses of two gulls, one common gull and one black-headed gull, 
were recovered. Based on the number of birds estimated to have passed through the windfarm 
during the study period, the combined number of collisions predicted in these two species would be 
19 using option 1 and none using options and 3. The two recorded collisions therefore reflect a 
micro-meso avoidance rate of 0.8928 for common and black-headed gulls using option 1, -9.1051 
using option 2 and -11.8383 using option 3.  
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Assessment of methodology 


 


Whilst fatality searches appear to have been relatively robust and intensive throughout the study 
period, no corrections were applied to account for the imperfect detection of corpses, either 
through searcher inefficiency or through loss to scavengers. This may have led to an underestimate 
of the total number of collision victims.  
 
Details of the methodology used to collect observational data of bird behaviour within the windfarm 
were sparse. In particular, no details were given of the length of observations used to collect data 
during the study. There also appears to have been no attempt to account for the imperfect detection 
of birds, meaning the total number passing through the study area may have been an 
underestimate. This, in turn would also mean that the final within-windfarm avoidance rate had 
been underestimated.  
 
As bird activity and collision data have been collected concurrently, these data have been included 
when deriving representative avoidance rates.  
 


A6.9 Gneizdzewo 


 


Zielinski, P., Bela, G. & Marchlewski, A. 2008. Report on monitoring of the wind farm impact on birds 


in the vicinity of Gniezdzewo (gmina Puck, pomorskie voivodeship) 


 


Zielinski, P., Bela, G. & Marchlewski, A. 2010. Report on monitoring of the wind farm impact on birds 


in the vicinity of Gniezdzewo (gmina Puck, pomorskie voivodeship) 
 
Zielinski, P., Bela, G. & Marchlewski, A. 2011. Report on monitoring of the wind farm near 


Gniezdzewo impact on birds (gmina Puck, pomorskie voivodeship) 


 


Zielinski, P., Bela, G. & Marchlewski, A. 2012. Report on monitoring of the wind farm near 


Gniezdzewo impact on birds (gmina Puck, pomorskie voivodeship) 


 


Methods 


 


Visual observations and fatality searches. 


 


Collision surveys were carried out in the autumns of 2008, 2010, 2011 and 2012 (September-
November). Corpse searches were carried out within 70 m radius of each turbine, on average every 
2-3 days.  
 
Over the same periods each year (mid-September – mid-November), activity surveys were carried 
out within the windfarm. Between 60 and 70 hours of observational data were collected each year, 
with observation sessions lasting up to 6 hours.  
 
Seasons / time of day 


 


Data were collected throughout the day during the autumn migration period in each year. 
 
Species  
 
Great cormorant (0.17-1.44 birds/hr), gulls (3.88-44.14 birds/hr), little gull (0.23 birds/hr),  common 
gull (0.57 -1.73 birds/hr), black-headed gull (0.51-4.94 birds/hr), herring gull (1.06-5.39 birds/hr). 
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Conditions data collected under  
 
All conditions 
 
Location / habitat  


 


Gniezdzewo, Poland (terrestrial). 
 
Turbine / array specification 


 


An array of 19 turbines arranged in four rows. Each turbine had a rotor diameter of 80 m and a hub 
height of 80 m. 
 
Results 


 


In the four autumns over which data have been collected, only a single collision involving a gull was 
recorded, a black-headed gull during the 2010 field season. No site specific flight height data were 
available, so it was necessary to use the distributions presented in Johnston et al. (2014a) and option 
2 of the Band Model to estimate avoidance rates. In the 2010 field season, 460 black-headed gulls 
were predicted to have passed through the windfarm, with a predicted collision rate of 0.2 birds. 
The avoidance rate for black-headed gulls during autumn 2010 would, therefore, have been –3.9524, 
suggesting that a significant number of birds were attracted to the rotor swept area of the turbine. 
Using option 3 of the Band model, the collision rate was predicted to be 0.1 birds, reflecting a 
within-windfarm avoidance rate of -8.9238. However, it should be noted that this collision rate is 
based on a relatively low number of birds passing through the windfarm and as a result may be 
unreliable. The unusual nature of this result is confirmed as in three additional years of monitoring, 
no black-headed gull collisions were recorded, despite often higher levels of flight activity. The 
avoidance rate for cormorants and all other gull species in all years would have been 100%.  
 
Assessment of methodology 


 


The search for collision victims has been robust, with specially trained dogs used to increase 
detection. However, no corrections have been applied to account for birds lost to scavengers, 
potentially meaning the collision rates have been under-estimated.  
 
No correction has been applied to the activity surveys to account for the imperfect detection of 
birds. As a consequence, the total number of birds passing through the area, and therefore 
potentially the final avoidance rates, may be under-estimated.  
 
As collision and activity data were collected concurrently, from the windfarm as a whole, throughout 
the study period, they have been included when deriving representative avoidance rates.  
 
A6.10 Greater Gabbard 


 


RPS. 2011. Galloper Wind farm Project Environmental Statement – Technical Appendices 2: Appendix 


4: Greater Gabbard post-construction vantage point surveys, RPS, Glasgow 
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Methods 


 


Visual observations 


 


Two surveyors collected data from 180˚ arcs to the port and starboard sides of a stationary vessel 
within Greater Gabbard Offshore Windfarm. Each arc had a radius of 2 km and all birds entering 
each arc were recorded during snapshot counts taken every 15 seconds. The location of the boat 
and the viewing area, which covered a total of 15.9 km2, included seven operational turbines and a 
total of 36 hours of data were collected during the survey. The flight paths of each bird within the 
viewing area were noted, as was the proportion of time each bird spent at different heights. 
 
Seasons / time of day 


 


Data were collected between 1st June 2011 and 28th July 2011, with each survey lasting four hours. 
 
Species  
 
Northern gannet (0.14 birds/hr), Arctic skua (0.03 birds/hr), lesser black-backed gull (3.69 birds/hr), 
herring gull (0.11 birds/hr), black-legged kittiwake (1.28 birds/hr). 
 
Conditions data collected under  
 
Conditions were limited to sea-states one and two, to ensure the vessel remained as a stable 
observation platform. 
 
Location / habitat  


 


Greater Gabbard, UK (offshore). 
 
Turbine / array specification 


 


The survey monitored seven operational turbines, each with a hub height of 77.5 m and a rotor 
diameter of 107 m. 
 
Results 


 


The predicted number of collisions, in the absence of avoidance behaviour, within the 36 hour study 
period would have been less than 1 bird from each species. However, no collisions were recorded 
reflecting an avoidance rate of 1.000 for all species over the course of the study period.  
 
Assessment of methodology 


 


No corrections were applied to account for the imperfect detection of birds during the survey. 
Consequently, the true level of bird activity within the study area is likely to have been 
underestimated. Additionally, it was not possible to search for carcasses, meaning inferences about 
avoidance behaviour can only be drawn from the failure of observers to detect a collision with 36 
hours of monitoring. Given the low probability of a collision occurring, and the levels of flight activity 
recorded, this outcome is unsurprising.  
 
Given the limited data collection during the study period, these data have not been included when 
deriving representative avoidance rates.   
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A6.11 Groettocht 


 
Krijgsveld, K.L., Akershoek, K., Schenk, F., Dijk, F. & Dirksen, S. 2009. Collision risk of birds with 
modern large wind turbines. Ardea 97: 357-366. 
 


Methods 


 


Radar observations and fatality searches. 


 


Fatality searches were carried out within a 100 m radius around each turbine every 2-3 days. 
Searches were carried out by walking parallel transects, each separated by 4-6 m. Searches were 
carried out between October and December 2004. 
 
Flight movements were quantified using a 12 kW x-band marine surveillance radar overnight 
between 1800 and 0700 h on 20 October 2004, 22 November 2004 and 22 December 2004, and the 
number of radar echoes up to 140 m (the maximum turbine height) were estimated as a measure of 
flux through the windfarm area.  
 
Seasons / time of day 


 


Resultant data reflect overnight collision rates of birds between October and December 2004.  
 
Species  
 
Key movements recorded included gulls travelling between Lake Ijsselmeer and a nearby roost site 
around dusk and dawn. However, amongst the five corpses encountered, there were only two gull 
carcasses, a common gull and a herring gull. 
 
Conditions data collected under  
 
Not specified. 
 
Location / habitat  


 


Agricultural area in the Netherlands. 
 
Turbine / array specification 


 


The array consists of a single line of seven turbines, each separated by 285 m. Turbines have a hub 
height of 78 m and a rotor diameter of 66 m. However, only the areas under five turbines were 
searched for carcasses.  
 
Results 


 


The average flux of birds through the area was 370 birds/km/hr, reflecting a movement of 873,534 
birds through the study period as a whole. Site specific flight height data were not available for the 
site, so it was necessary to use the distributions presented in Johnston et al. (2014a) to estimate the 
proportion of birds at collision risk height, and option 2 of the Band model to estimate predicted 
collision numbers. In total, the remains of five birds (one herring gull, one common gull, one 
redwing, two unidentified species) were retrieved. Given that it is not possible to relate the radar 
tracks to individual species, we calculated the probability of collision based on a bird with the 
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characteristics of first a herring gull, giving a predicted collision rate of 2131 birds over the study 
period, and an overall avoidance rate of 0.9991 based on option 2 and a collision rate of 1648 birds 
over the course of the study, with an avoidance rate of 0.9988 using option 3.  
 
Assessment of methodology 


 


The total collision rate may be an underestimate as the initial searching rate of once every three 
days was lowered to once every two days following the outcome of depredation tests. However, all 
corpses present were likely to be discovered as only turbines where the surrounding vegetation type 
and height were searched for remains. With the exception of concerns over the depredation rate, 
the fatality searches were robust.  
 
Flux rates were estimated using x-band radar, with the considerable disadvantage that it cannot be 
used to estimate the flux rates of different species. As a consequence, using individual species 
collision rates to estimate an avoidance rate may have led to an inaccurate estimate of the true 
value. In addition, as a single radar echo may represent multiple birds, there was a considerable risk 
that the true movement of birds through the area was underestimated and that, therefore, the 
overall avoidance rate was also underestimated.  
As it was necessary to extrapolate activity data both spatially and temporally to estimate the 
avoidance rates, these data have not been used to derive representative avoidance rates.  
 
A6.12 Haverigg 


 


RPS. 2011. Galloper Wind farm Project Environmental Statement – Technical Appendices 2: Appendix 


3: Information on gull flight behaviour at operational wind farms and the estimation of avoidance 


rates for use in the Band Collision Risk Model, RPS, Glasgow. 
 
Methods 


 


Visual observations 


 


In July and August 42 hours of vantage point surveys were carried out at Haverigg Windfarm 
following the standard SNH vantage point methodology (SNH 2010). 
 
Seasons / time of day 


 


Surveys were carried out in July and August. 
 
Species  
 
Gulls (19.90 birds/hr). 
 
Conditions data collected under  
 
Not stated. 
 
Location / habitat  


 


Haverigg Windfarm, Cumbria, UK (terrestrial). 
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Turbine / array specification 


 


Haverigg Windfarm consists of two groups of four turbines. The first four turbines have a hub height 
of 45 m and a rotor diameter of 42 m, whilst the remaining four, larger, turbines have a rotor 
diameter of 52 m.  
 
Results 


 


During 42 hours of vantage point observations, a total of 836 gulls, mostly herring and lesser black-
backed gulls were recorded entering the windfarm at a rate of 19.90 birds/hr. However, during the 
observation periods, no collisions were recorded, reflecting an avoidance rate of 1 over the course of 
the study period under options 1,2 and 3 of the Band model.  
 
Assessment of methodology 


 


The evidence provided by the survey is limited as no corpse searches were carried out in the area 
surrounding the windfarm. Whilst 42 hours of survey effort were carried out, no collisions were 
recorded. However, given the likely rarity of collisions occurring, this is unsurprising. Furthermore, 
the levels of flight activity within the windfarm are likely to have been underestimated as no 
correction was made for the imperfect detection of birds.  
 
As insufficient monitoring data have been collected to observe collisions, these data have not been 
included when deriving representative avoidance rates.  
 
A6.13 Hellrigg 


 


Percival, S. 2012. Hellrigg Wind farm: Goose Refuge Monitoring Report Winter 2011-12, Ecology 
Consulting, Durham 
 


Percival, S. 2013. Hellrigg Wind farm: Goose Refuge Monitoring Report Winter 2012-13, Ecology 
Consulting, Durham 
 


Methods 


 


An area covered by a 100 m radius around the base of each turbine was searched between 
December and March in the winters of 2011/12 and 2012/13 on a weekly basis. Searches were 
carried out slowly and carefully, with particular care taken over areas containing large clumps of 
vegetation. The locations of each corpse were carefully noted, and each was left in place to provide 
information about decay rates and detectability.   
 


Bird activity data were collected through vantage point surveys from a single point following 
standard SNH guidance. The flight lines of each species were noted and flight altitudes estimated. In 
total 38 hours of flight observations were collected in this way each winter.  
 


Seasons / time of day 


 


Data were collected between December and March each year, with effort made to cover dawn and 
dusk movements of birds as well as general daytime movements of birds.  
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Species  
 
Common gull (8.47 birds/hr in 2011/12 and 507.17 birds/hr in 2012/13), lesser black-backed gull (0.3 
birds/hr in 2011/12 and 0.41 birds/hr in 2012/13), herring gull (3.71 birds/hr in 2011/12 and 72.49 
birds/hr in 2012/13), great black-backed gull (0.05 birds/hr in 2011/12 and 0.49 birds/hr in 2012/13), 
black-headed gull (4.79 birds/hr in 2011/12 and 131.48 birds/hr in 2012/13) 
 
Conditions data collected under  
 
Not stated. 
 
Location / habitat  


 


Hellrigg windfarm, onshore.  
 


Turbine / array specification 


  


An array of four turbines with a hub height of 80 m and a rotor diameter of 82 m.  
 


Results 


A single collision involving a herring gull was recorded in 2011/12. Based on the passage rate of 3.71 
birds/hr, 13 collisions would have been expected in the absence of avoidance behaviour based on 
option 1 of the band model, 3 collisions based on option 2 of the Band model and 2 collisions based 
on option 3 of the Band model. This reflects avoidance rates of 0.9209, 0.6635 and 0.5133 
respectively.  
 


Assessment of methodology 


 


Analysis of the length of time corpses remained at the site, suggested that the mean time to 
disappearance was 22 days, well in excess of the 7 day search intervals. In combination with the 
systematic and methodical searches carried out at the site, this suggests it is unlikely any corpses 
went undetected.  
 
Bird activity data were collected following standard SNH vantage point methodology. However, as 
no correction was made for imperfect detection, the levels of flight activity at the site and, 
therefore, the overall avoidance rates, may have been underestimated.  
 
As mortality and activity data were collected concurrently at the site, following robust 
methodologies, these data were used when deriving representative avoidance rates.  
  


A6.14 Keewaunee County 


 


Howe, R.W., Evans, W. & Wolf, A.T. 2002. Effects of Wind Turbines on Birds and Bats in Northeastern 


Wisconsin. Report to Wisconsin Public Service Corporation and Madison Gas and Electric Company. 
 
Methods 


 


Visual observations and fatality searches. 


 


Intensive searches were carried out between July 1999 and July 2001. Searches were carried out at 
least once a week. Surveyors visited a 60 m x 60 m area centred on each of the turbines a covered a 
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series of nine 60 m transects in each. These searches were complemented by a series of 3,214 3 
minute short counts carried out on 160 dates between 1998 and 2001, to estimate the number of 
birds within the area. 
 
Seasons / time of day 


 


Surveys were carried out between June and November, with a bias towards data collection during 
the morning. 
 
Species  
 
Herring gull (0.012 birds/hour), Franklin’s gull (0.019 birds/hour), ring-billed gull (1.589 birds/hour). 
 
Conditions data collected under  
 
No details given.  
 
Location / habitat  


 


Keewaunee County, Wisconsin, U.S.A. (terrestrial). 
 
Turbine / array specification 


 


31 turbines with a hub height of 65 m and a rotor diameter of 47 m, within three clusters of 8, 9 and 
14 turbines. Distance between turbines within each row is not described. 
 
Results 


 


At this site, one herring gull was recovered following collision with turbine. Across the study region 
as a whole, the average rate at which herring gulls passed through the area was 0.012 birds per 
hour, reflecting a total of 131 gull movements within the area over the two year study period. No 
site specific flight height data were available, meaning it was necessary to use the flight height 
distributions presented in Johnston et al. (2014a) and option 2 of the Band model. Assuming no 
avoidance behaviour, no collisions would have been expected under options 2 or 3 of the Band 
model. The collision rate of 1 bird over the study therefore indicates a within-windfarm avoidance 
rate of -12.0935 using option 2 and -13.5238 using option 3.  
 
Assessment of methodology 


 


The methodology was generally sound with a well-structured search likely to detect all corpses 
within the study area. Corrections were made for both corpses removed by scavengers and also 
searcher efficiency. However, no corrections were made to account for imperfect detectability 
during the bird surveys. 
 
As it was necessary to extrapolate bird activity data spatially to estimate avoidance rates, these data 
have not been used to derive representative avoidance rates.  
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A6.15 Kessingland Windfarm 


 


Wild Frontier Ecology. 2013. Kessingland Wind farm Annual Post-construction Monitoring Report 


Year 2. Wild Frontier Ecology, Norfolk. 
 


Methods 


 


Visual observations and fatality searches. 


 


Fatality searches were undertaken around the bases of each turbine on nine occasions between 
November 2012 and March 2013. Surveyors walked a series of transects, separated by 10 m, within 
65 m of the turbine base to search for corpses. A corpse correction factor of 1.79 was applied to 
account for corpses removed by scavengers.  
 
Bird activity was monitored within the windfarm through nine two-hour vantage point surveys at 
each turbine carried out between November 2012 and March 2013. In total 36 hours of survey effort 
was completed throughout the study period.  
 
Seasons / time of day 


 


Data collection was carried out over winter 2012/13, between November and March. Surveys were 
carried out for two hour periods between 0800 and 1500 h.  
 
Species  
 
Black-headed gull (48.5 birds/hr), common gull (15.69 birds/hr), lesser black-backed gull (5.5 
birds/hr), herring gull (28.36 birds/hr), great black-backed gull (0.14 birds/hr). 
 
Conditions data collected under  
 
No details given. 
 
Location / habitat  


 


Kessingland, Suffolk, UK (terrestrial). 
 
Turbine / array specification 


 


Two turbines with hub heights of 80 m and rotor diameters of 92 m.  Distance between turbines 
within each row is not described. 
 
Results 


 


Black-headed, common, lesser black-backed, herring and great back-backed gulls were recorded 
within the study area at varying frequencies. Three gulls were found to have collided with the 
turbines – one black-headed gull, one common gull and one herring gull. After applying corpse 
correction factors, these estimates were revised to 1.79 birds of each species. No site specific flight 
height data were available, so it was necessary to use the modelled flight height distributions 
presented in Johnston et al. (2014a) and option 2 of the Band model. Given the number of birds 
likely to have passed through the windfarm during the study period, the predicted collision numbers 
would have been 28, 21 and 76 respectively. Using option 2, the avoidance rate for black-headed 
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gull would therefore be 0.9367, for common gull it would be 0.9147 and for herring gull it would be 
0.9764. Using option 3, the expected collision rates were 13, 12 and 51 respectively, reflecting 
avoidance rates of 0.8664, 0.8505 and 0.9647. No collisions were recorded involving lesser or great 
black-backed gulls, reflecting avoidance rates of 1.000 for these species.  
 
Assessment of methodology 


 


The fatality searches appear to have been robust, with corpse correction factors applied to account 
for loss of corpses to scavengers. However, during vantage point surveys, no corrections were 
applied to account for imperfect detection. As a result, bird activity within the area was likely to be 
underestimated, and therefore, the final, derived avoidance rates were also likely to be 
underestimated. 
 
As collision and bird activity data were collected concurrently over the same area, these data were 
included when deriving representative avoidance rates.  
 
A6.16 Kleine Pathoweg 


 


Everaert, J. 2008. Effecten van windturbines op de fauna in Vlaanderen: Onderzoeksresultaten, 


discussie en aanbevelingen. INBO, Brussels 
 
Everaert, J. & Kuikjen, E. 2007. Wind turbines and birds in Flanders (Belgium): Preliminary summary 


of the mortality research results. 
 


Methods 


 


Throughout 2005 and 2006, an area covered by a 100 m radius around the base of each turbine was 
searched for collision victims once every 2 weeks. Correction factors were applied to the resultant 
data to account for searcher efficiency and the removal of corpses by scavengers.  
 
Between September and December 2005, bird activity data were collected between turbines 3 and 
7. Data were collected from 2 hours before sunrise to 4 hours after sunset and presented as an 
average number of birds/day – reflecting an average of 16 hours of survey effort over this period.  
 


 


Seasons / time of day 


 


Bird activity data were collected between September and December, from 2 hours before sunrise to 
4 hours after sunset.  
 


Species  
 
Black headed gulls (345 birds/day), ‘large’ gulls (327 birds/day).  
 
Conditions data collected under  
 
Not stated.  
 
Location / habitat  


 


Kleine Pathoweg (Belgium), terrestrial.  
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Turbine / array specification 


 


A line of 7 turbines, each separated by 280 m. Turbines had a hub height of 85 m and a rotor 
diameter of 70 m.  
 


Results 


 


In 2005, 240.9 gulls were believed to have collided with turbines once corrections had accounted for 
imperfect corpse detection. In 2006, this figure was 220.3. Based on a passage rate of 42 birds per 
hour, in 2005 these figures reflect an avoidance rate of 0.8795 using option 1 of the Band model, -
0.2529 using option 2 of the Band model and -0.6887 using option 3 of the Band model. In 2006, 
these figures reflect an avoidance rate of 0.8898 using option 1 of the Band model, -0.1458 using 
option 2 of the Band model and -0.5443 using option 3 of the Band model.  
 


Assessment of methodology 


 
Fatality data have been collected on a regular basis and following a robust methodology. Corrections 
have been applied to these data to account for the imperfect detection of corpses due to scavenger 
behaviour and searcher efficiency.  
 
The observational data that have been collected are extremely limited. Data collection has been 
restricted to the September to December period in a single year. It is unclear how accurately this 
reflects bird movements within the windfarm over the rest of the study period. This may have a 
significant, but unquantifiable impact on the final, derived within-windfarm avoidance rates. In 
addition, it is unclear whether corrections have been applied to the observational data to account 
for the imperfect detection of birds.  
 
As it has been necessary to make spatial and temporal extrapolations to estimate avoidance rates, 
these data have not been used when deriving representative avoidance rates.  
 
A6.17 Oosterbium 


 


Methods 


 
Visual observations and fatality searches. 


 
Searches were carried out within a 50 m radius of the base of each turbine in autumn 1990 and 
spring 1991. Searches were carried out on 25 days in the spring and 40 days during autumn. All 
corpses were assessed in order to determine the cause of death and identify those killed by turbines. 
Corrections were applied to the data to account for searcher efficiency and scavenger activity. 
 
Bird activity within the windfarm and a surrounding 500 mm buffer was assessed during spring 1991 
and autumn 1990. These activity levels were used to extrapolate the number of bird-days spent 
within the windfarm for each species or group of species.  
 


Seasons / time of day 


 


Data covered both the nocturnal and diurnal movements of birds in the spring and autumn.  
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Species  
 
Gulls (158,600 bird days, autumn 1990; 43,800 bird days, spring 1991). 
 
Conditions data collected under  
 
No details given.  
 
Location / habitat  


 


Oosterbierum, Netherlands (terrestrial) 
 


Turbine / array specification 


 
A cluster of 18 turbines with hub heights of 35 m and a rotor diameter of 30 m, situated within 55 
hectares of farmland.  Distance between turbines within each row is not described. 
 


Results 


 
Gulls were recorded within the area more commonly during the autumn than the spring. However, 
the number of collisions was greatest during the spring, when 37 corpses were recovered in 
comparison to 12 in the autumn. No site specific flight height data were available so it was necessary 
to use the modelled distributions presented in Johnston et al. (2014a) and option 2 of the Band 
model. During the autumn, the predicted number of collisions in the absence of avoidance was 883 
birds. Therefore, the 12 collisions recorded during the autumn reflects a meso-micro avoidance rate 
of 0.9864. Using option 3, the predicted number of collisions was 846, reflecting a meso-micro 
avoidance rate of 0.9858. During the spring, the predicted number of collisions in the absence of 
avoidance was 244 using option 2 and 234 using option 3. Therefore, the 37 collisions recorded 
during the spring reflects a meso-micro avoidance rates of 0.8483 and 0.8417 respectively. 
 


Assessment of methodology 


 


Fatality searches were carried out intensively throughout the spring and autumn seasons. They 
followed a robust methodology with corrections made for both searcher efficiency and scavenger 
activity.  
 
Activity data were collected throughout the period covered by the fatality searches. However, it 
appears no corrections were made to the data to account for imperfect detection, meaning activity 
levels in the area may have been underestimated. As a consequence, the number of collisions 
predicted in the absence of avoidance, and therefore the derived avoidance rate would also have 
been underestimated.  
 
As activity and mortality data were collected concurrently and no spatial extrapolation was 
necessary, these data were used when deriving representative avoidance rates.  
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A6.18 Waterkapptocht 


 


Krijgsveld, K.L., Akershoek, K., Schenk, F., Dijk, F. & Dirksen, S. 2009. Collision risk of birds with 
modern large wind turbines. Ardea 97, 357-366. 
 


Methods 


 


Radar observations and fatality searches. 


 


Fatality searches were carried out within a 100 m radius around each turbine every 2-3 days. 
Searches were carried out by walking parallel transects, each separated by 4-6 m. Searches were 
carried out between October and December 2004. 
 
Flight movements were quantified using a 12 kW x-band marine surveillance radar overnight 
between 1800 and 0700 h on 18 October 2004, 17 November 2004 and 20 December 2004, and the 
number of radar echoes up to 140 m (the maximum turbine height) were estimated as a measure of 
flux through the windfarm area.  
 
Seasons / time of day 


 


Resultant data reflect overnight collision rates of birds between October and December 2004.  
 
Species  
 
Key movements recorded included gulls travelling between Lake Ijsselmeer and a nearby roost site 
around dusk and dawn. However, amongst the seven corpses encountered, there was only a single 
gull carcass, that of a black-headed gull. 
 
Conditions data collected under  
 
Not specified. 
 
Location / habitat  


 


Agricultural area in the Netherlands. 
 
Turbine / array specification 


 


The array consists of a single line of eight turbines, each separated by 300 m, with a larger 1 km gap 
between turbines 4 and 5. Turbines have a hub height of 78 m and a rotor diameter of 66 m. 
However, only the areas under five turbines were searched for carcasses.  
 
Results 


 


The average flux of birds through the area was 251 birds/km/hr, reflecting a movement of 1,195,011 
birds through the study period as a whole. In total, the remains of seven birds (one common 
pheasant, one oystercatcher, one black-headed gull, one skylark and two goldcrests) were retrieved. 
No site specific flight height data were available, so it was necessary to use the modelled 
distributions presented in Johnston et al. (2014a) and option 2 of the Band model. Given that it was 
not possible to relate the radar tracks to individual species, we calculated the probability of collision 
based on a bird with the characteristics of a black-headed gull, giving a predicted collision rate of 
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1,446 birds over the study period, and an overall avoidance rate of 0.9952. Using option 3, the 
predicted number of collisions was 1,118 birds, reflecting an overall avoidance rate of 0.9937.  
 
Assessment of methodology 


 


The total collision rate may have been an underestimate as the initial searching rate of once every 
three days was lowered to once every two days following the outcome of depredation tests. 
However, all corpses present were likely to be discovered as only turbines where the surrounding 
vegetation type and height were searched for remains. With the exception of concerns over the 
depredation rate, the fatality searches were robust.  
 
Flux rates were estimated using x-band radar, with the considerable disadvantage that it cannot be 
used to estimate the flux rates of different species. As a consequence, using individual species 
collision rates to estimate an avoidance rate may lead to an inaccurate estimate of the true value. In 
addition, as a single radar echo may represent multiple birds, there was a considerable risk that the 
true movement of birds through the area was underestimated and that therefore the overall 
avoidance rate has also been underestimated.  
 
As it was necessary to make temporal and spatial extrapolations with these data, they were not used 
to derive representative avoidance rates.  
 
A6.19 Yttre Stengrund/Utgrunden Offshore Windfarm 


 


Petterson, J. 2005. The impact of Offshore Wind farms on Bird Life in Southern Kalmar Sound, 


Sweden: A final report based on studies 1999-2003. Lund University. 
 
Methods 


 


Visual observations 


 


Field data were collected from three observation points located within the Southern Kalmar Sound – 
Eckelsudde in Oland in the east of the observation area, Olsang in the west of the observation area 
and Utgrunden Lighthouse in the centre of the Sound of Kalmar. The observation points made it 
possible to cover the whole of the Sound of Kalmar, including both windfarm sites. The sound was 
divided into four 5 km zones, each of which was further subdivided into 1-2 km wide zones. The 
observation point at Olsang covered the first of these 5 km zones, the Utgrunden Lighthouse 
covered the second and third 5 km zones and the Eckelsudde observation point, the fourth. 
Observers recorded to the exact minute the location of all flocks of migrating waterbirds they 
encountered, so that data could be combined into a single dataset at a later date.  
 
Seasons / time of day 


 


Data were collected throughout the spring (22 March to 8 April) and autumn (6 to 28 October) 
migration periods between 2001 and 2003. 
 
Species  
 
Conditions data collected under  
 
All conditions. 
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Location / habitat  


 


Southern Kalmar Sound, Sweden (offshore). 
 
Turbine / array specification 


 


Five 2 MW turbines with a hub height of 60 m and a rotor diameter of 72 m at Yttre Stengrund.  
 
Seven 1.5 MW turbines with a hub height of 65 m and a rotor diameter of 70 m at Utgrunden.  
Distance between turbines within each row is not described. 
 
Results 


 


No collisions were recorded amongst any species during the spring migration periods, reflecting an 
avoidance rate of 1. Not site specific flight height data were available at this site, so it was necessary 
to use the modelled distributions presented in Johnston et al. (2004). A single collision event was 
recorded involving four common eider during autumn 2003, reflecting an avoidance rate of 0.1861 
using option 2 of the Band model and -0.1098 using option 3. No other collisions were recorded 
amongst other species, again indicating an avoidance rate of 1.  
 
Assessment of methodology 


 


Methodology is sound with careful calibration of estimates of distance between observers and co-
ordination of counts to minimise double-counting. However, there was no correction applied to 
account for imperfect detection, meaning the total number of birds may have been under-
estimated.  
 
As insufficient data have been collected to detect a collision amongst any of the priority species, 
these data have not been used to derive representative avoidance rates.  
 
A6.20 Zeebrugge 


 


Everaert, J. 2008. Effecten van windturbines op de fauna in Vlaanderen: Onderzoeksresultaten, 


discussie en aanbevelingen. INBO, Brussels 
 
Everaert, J. & Kuikjen, E. 2007. Wind turbines and birds in Flanders (Belgium): Preliminary summary 


of the mortality research results. INBO, Brussels 


 


Everaert, J. & Stienen, E.W.M. 2007. Impact of wind turbines on birds in Zeebrugge (Belgium) 
Significant effect on breeding tern colony due to collisions. Biodiversity and Conservation, 16, 3345-
3359 
 


Everaert, J., Devos, K. & Kuijken, E. 2002. Windturbines en vogels in Vlaanderen: Voorlopige 


onderzoeksresultaten en buitenlandse beviningen. INBO, Brussels 
 


Methods 


 


Visual observations and fatality searches. 


 


Between 2001 and 2007 systematic fatality searches were carried out within a 50 m radius around 
the base of turbines on a fortnightly basis, increasing to 3-4 times a week during the breeding 
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season. Every turbine was searched, and corrections were made to account for searcher efficiency 
and scavenger activity.  
 


An initial set of bird activity surveys were carried out at the site in 2000 and 2001. Bird activity within 
a 400 m section of the breakwater was monitored on four days between June and July in 2000 and 
2001, with eight days data collected in total. An additional four days of monitoring were carried out 
on four days and two nights between September and October 2001. 
 
In June 2004 and 2005, a second set of bird activity were carried out. In each year, two full days of 
monitoring data were collected covering the period from dawn to dusk. During this period, data 
were collected between turbines 7 and 12, covering a 720 m section of the breakwater.  
 


Seasons / time of day 


 


Fatality searches were carried out throughout the year. Activity surveys were limited to the breeding 
season and autumn. Data were collected throughout the day between dawn and dusk, with 
additional nocturnal surveys carried out during the autumn.  
 


Species 
 
Gulls (234 birds/day), Little Tern (375-1,860 birds/day), Common Tern (4,228-10,263 birds/day), 
Sandwich Tern (11-12,334 birds/day). 
 
Conditions data collected under  
 
No details given. 
 
Location / habitat  


  


Zeebrugge, Belgium (Coastal) 
 


Turbine / array specification 


 


25 turbines arranged along Zeebrugge Harbour breakwater. Turbines vary in size from hub heights of 
23-55 m and rotor diameters of 22-48 m. Details of collisions at individual turbines are not given, so 
avoidance rates are estimated assuming turbines with a hub height of 34 m and rotor diameter of 34 
m, the most common turbine within the windfarm.  Distance between turbines within each row is 
not described. 
 


Results 


 


Collisions were recorded in every year. For Sandwich terns, collisions varied from seven to 54 birds 
per year. Using option 1 of the Band model, the estimated number of collisions per year, in the 
absence of avoidance behaviour, varied from 6,383 birds to 10,299, 8,024 to 10,326 using option 2 
and 5,984 to 8,035 using option 3. The meso-micro avoidance rates derived from the values are 1 
between 2001 and 2003, 0.9915 in 2004, 0.9972 in 2005, 0.9992 in 2006 and 0.9993 in 2007 using 
option 1, and 1 between 2001 and 2003, 0.9948 in 2004, 0.9963 in 2005, 0.9989 in 2006 and 0.9991 
in 2007 using option 2. Using option 3, the avoidance rates are 1 between 2001 and 2003, 0.9933 in 
2004, 0.9952 in 2005, 0.9986 in 2006 and 0.9989 in 2007. Collision data were also obtained relating 
to June 2004 and June 2005, the periods in which bird activity data were collected and relating to 
only the turbines around which activity was monitored. In both years, 3 Sandwich terns were 
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observed to have collided between turbines 7-12 in June. Given passage rates of 896 birds/hr in June 
2004 and 725 birds/hr in June 2005, this reflects an avoidance rate in 2004 of 0.9895 using option 1 
of the Band model, 0.9935 using option 2 of the Band model and 0.9917 using option 3 of the Band 
model. In 2005, the corresponding values are 0.9940, 0.9920 and 0.9897.  
 
For little terns, collisions varied from two to 12 birds per year. Using option 1 of the Band model, the 
estimated number of collisions per year, in the absence of avoidance behaviour, varied from 990 
birds to 1,087, 165 to 838 using option 2 and 128 to 650 using option 3. The meso-micro avoidance 
rates derived from the values are 0.9923 in 2001, 0.9914 in 2002, 0.9904 in 2003, 0.9950 in 2004, 
0.9982 in 2005, 0.9963 in 2006 and 0.9890 in 2007 using option 1, and 0.9516 in 2001, 0.9455 in 
2002, 0.9395 in 2003, 0.9940 in 2004, 0.9884 in 2005, 0.9768 in 2006 and 0.9304 in 2007 using 
option 2. Using option 3, the avoidance rates were 0.9516 in 2001, 0.9455 in 2002, 0.9395 in 2003, 
0.9940 in 2004, 0.9884 in 2005, 0.9768 in 2006 and 0.9304 in 2007. Not little tern collisions were 
recorded in the June 2004 and 2005 data relating to turbines 7-12.  
 
For common terns, collisions varied from 12 to 164 birds per year. Using option 1 of the Band model, 
the estimated number of collisions per year, in the absence of avoidance behaviour, varied from 
4,503 birds to 6,869,  2,475 to 6,530 using option 2 and 1,931 to 5,094 using option 3. The meso-
micro avoidance rates derived from the values are 0.9970 in 2001, 0.9977 in 2002, 0.9951 in 2003, 
0.9758 in 2004, 0.9812 in 2005, 0.9761 in 2006 and 0.9834 in 2007 using option 1, and 0.9919 in 
2001, 0.9939 in 2002, 0.9871 in 2003, 0.9833 in 2004, 0.9501 in 2005, 0.9365 in 2006 and 0.9559 in 
2007 using option 2. Using option 3, meso-micro avoidance rates were 0.9896 in 2001, 0.9922 in 
2002, 0.9834 in 2003, 0.9786 in 2004, 0.9360 in 2005, 0.9186 in 2006 and 0.9434 in 2007. Collision 
data were also obtained relating to June 2004 and June 2005, the periods in which bird activity data 
were collected and relating to only the turbines around which activity was monitored. In 2004 6 
common terns were observed to have collided between turbines 7-12 in June, in 2005, this figure 
was 9. Given passage rates of 603 birds/hr in June 2004 and 248 birds/hr in June 2005, this reflects 
an avoidance rate in 2004 of 0. 9703 using option 1 of the Band model, 0.9796 using option 2 of the 
Band model and 0.9738 using option 3 of the Band model. In 2005, the corresponding values are 
0.9720, 0.9255 and 0.9045. 
 
For gulls, collisions varied from 110 to 354 birds per year. Using option 1 of the Band model, the 
estimated number of collisions per year, in the absence of avoidance behaviour, varied from 2,334 
birds to 2,537, 2,856 to 3,104 using option 2 and 2,698 to 2,932 using option 3. The meso-micro 
avoidance rates derived from the values are 0.8979 in 2001, 0.8481 in 2002, 0.8817 in 2003, 0.9105 
in 2004, 0.9173 in 2005, 0.9547 in 2006 and 0.9092 in 2007 using option 1, and 0.9166 in 2001, 
0.8758 in 2002, 0.9033 in 2003, 0.9268 in 2004, 0.9324 in 2005, 0.9630 in 2006 and 0.9258 in 2007 
using option 2. Using option 3 meso-micro avoidance rates were 0.9117 in 2001, 0.8686 in 2002, 
0.8976 in 2003, 0.9226 in 2004, 0.9285 in 2005, 0.9608 in 2006 and 0.9214 in 2007.  
 
Data were also obtained relating to black-headed, lesser black-backed and herring gull collisions in 
June-July 2000, June-July 2001 and September-October 2001, periods corresponding to the times 
during which gull activity data were collected and restricted to the turbines around which gull data 
were collected. No collisions were reported involving black-headed gulls. In June-July 2000, a single 
collision was reported involving a herring gull, reflecting an avoidance rate of 0.9861 using option 1, 
0.9829 using option 2 and 0.9819 using option 3. In June-July 2001 and September-October 2001, 
two collisions were reported involving herring gulls, reflecting avoidance rates of 0.9722 and 0.9976 
respectively using option 1, 0.9659 and 0.9959 using option 2 and 0.9639 and 0.9957 using option 3. 
Single collisions were reported involving lesser black-backed gulls in each of June-July 2001 and 
September to October 2001, reflecting avoidance rates of 0.9706 and 0.9990 respectively using 
option 1, 0.9680 and 0.9977 using option 2 and 0.9656 and 0.9975 using option 3.  
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Assessment of methodology  
 
The study at Zeebrugge offers one of the most comprehensive datasets for collisions involving 
marine birds. Fatality data have been collected over a seven year period following a robust 
methodology with corrections made to account for searcher efficiency and scavenger activity. 
However, a key limiting factor in the dataset is the accompanying bird activity data. In the case of 
terns, activity data is limited to the period of peak tern activity in June. As a consequence, 
extrapolating from this to cover the full period when terns are present is likely to vastly over-
estimate activity in the area, and therefore the predicted collision numbers. This means that the 
avoidance rates derived for each year are likely to be significantly over-estimated. This reflects the 
limitations in the way data are presented within the reports. Ideally, collisions would be broken 
down on a month by month and turbine by turbine basis, so that avoidance rates could be calculated 
for the areas in which activity data were collected, rather than extrapolating across the windfarm as 
a whole.  
 
We used only the collision data collected from gulls during the period in which activity data were 
collected, and from only those turbines around which activity data were collected, in deriving 
representative avoidance rates.   
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ANNEX 1 
 
USING A COLLISION RISK MODEL TO ASSESS BIRD COLLISION RISKS FOR OFFSHORE WINDFARMS 


(SOSS Guidance: March 2012) 


 SUPPLEMENT – AVOIDANCE RATES USING THE BASIC AND EXTENDED MODELS 


March 2014 – Bill Band 


This is a supplement to guidance prepared for the Crown Estate as part of the Strategic 


Ornithological Support Services programme, project SOSS-0245.  That provides guidance for offshore 


wind developers, and their ecological consultants, on using a collision risk model to assess the bird 


collision risks presented by offshore windfarms.  The March 2012 version of the guidance enabled 


use to be made of flight height distribution data. 


This supplement is an addition to Stage E – Avoidance and Attraction.  That section describes how, 


having used the collision model to calculate the potential collision rate if birds take no avoiding 


action, one should then apply an avoidance rate A to allow for the fact that many species of birds do 


in fact take avoiding action, either at long range (macro) or at close range (micro). 


Paragraph 80 notes that 


‘if the extended model taking account of flight height distribution is used, it is important that the 


calculations on which avoidance rates are based also start with a no-avoidance collision rate derived 


using the extended model’. 


Most of the published literature on avoidance rates is currently based on using the basic model.   


This supplement shows how such avoidance rates may be modified to enable their application to 


the extended model. 


Avoidance in the basic and extended models 


The two models – basic and extended – yield different predictions of the rate of collisions before 


avoidance is taken into account.  The extended model is a more refined model which takes into 


account the effect of flight height distribution.   It takes into account the fact that, for a given 


number of flights at risk height, a flight height distribution skewed towards low altitude leads to a 


smaller proportion of birds passing through the rotor, and bird passages through parts of the rotor 


with less risk, than if the distribution were uniform.     


The outputs of the two models may be formally compared if the data input to the basic model on 


the proportion of flights at risk height (Q’2R) is derived from the same flight height distribution used 


in the extended model, as in Option 2 of the spreadsheet accompanying the SOSS guidance.  That is, 


the comparison should be made between the collision rate using the basic model (Option 2) in the 


spreadsheet, and the extended model (Option 3). 


  


                                                           
45 Project SOSS -02:  see http://www.bto.org/science/wetland-and-marine/soss/projects 
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The collision rates (before avoidance) projected by the two models are: 


Basic model (Option 2): 


    Cbasic          =   v(DA/2R)(TπR2)t   x  Q2R
’  x paverage x Qop           (guidance eq.546) 


   i.e.       flux factor      x  Q2R
’  x paverage x Qop 


Extended model (Option 3): 


   Cextended     = v(DA/2R)(TπR2)t   x  (2/π) ∫∫ d(y) p(x,y) dxdy    x   Qop  (guidance eq. 9) 


   i.e.       flux factor     x     collision integral    x   Qop 


Where the bird flight height distribution is skewed towards low altitude, the extended model 


prediction Cextended is usually less than Cbasic, because this equation takes full account of the reduction 


in risk at lower parts of the rotor.   Let g be the ratio Cextended / Cbasic  ,  g is thus usually less than 1.  


The value of g may be obtained by dividing the second of the above equations by the first: 


  g  =    Cextended / Cbasic     = collision integral  /   ( Q’2R  x  paverage )     ….        eq. S1 


and this is readily calculated from the ‘Overall collision risk’ spreadsheet  


  g    =      cell D35   /   ( cell D33  x cell D27 ) 


The expected collision rate must then take into account the proportion A of birds avoiding the 


turbines (e.g. by displacement, or by evasive action), by multiplying the above no-avoidance collision 


rates by the proportion (1-A) which do not avoid.  Values of A are typically in the range 90-100%.  It 


is more helpful to think in terms of the non-avoidance rate A’ = 1 – A , such that A’ is the small 


proportion of birds which do not avoid the turbines.  The expected collision rate is then  


A’basic Cbasic       in the basic model, or   .. eq. S2a 


A’extended Cextended  in the extended model.   .. eq. S2b 


 


The two models require the use of different non-avoidance rates.   The calculation of Cextended  takes 


account of the effect of a skewed flight distribution, such that the factor Aextended ( = 1 – A’extended )  


refers only to genuine behavioural avoidance.  The calculation of Cbasic in the basic model does not, 


such that any such effect, in the basic model, must be covered by the avoidance factor Abasic.   


Establishing avoidance rates from reference windfarms 


Values of A’basic and A’extended  for use in the two models are obtained by monitoring collisions at one 


or more reference windfarms, and working back from the two models.  For either model we have 


Non-avoidance rate A’   =    Actual no of collisions / Predicted number of collisions C. 


    using basic model  using extended model 


Actual no of collisions    =   A’basic  x  Cbasic(ref)          = A’extended  x  Cextended(ref)     


 


thus A’extended   =    A’basic  x  Cbasic(ref)    /  Cextended(ref)     


                                                           
46 Strictly, equation (5) of the guidance refers to Q2R derived from site survey, as used in the basic model 
(Option 1), rather than Q’2R, derived from the assumed flight height distribution, as required here. 
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but    g(ref)  =  Cextended (ref) / Cbasic (ref) 


so    A’extended = A’basic / g (ref)    … eq. S3 


A’extended   is the non-avoidance rate from the reference windfarm, for use with the extended model.  


Equation (S3) describes how it is related to the value of A’basic derived using the basic model, using 


the g factor for this reference windfarm. 


Where data from several reference windfarms are used to yield an average A’basic , then the value for 


A’extended should be the average of A’basic / g(ref) as calculated for each of the reference windfarms.  


Applying reference avoidance rates to new or projected windfarms 


Avoidance rates, derived from collision studies at one or more reference windfarms, may be used to 


inform the calculation of collision rate at a new or projected windfarm.  The assumption in applying 


such avoidance rates is that the birds’ behavioural response to the new windfarm will be similar to 


their response to the reference windfarm, and hence the proportion of birds avoiding the turbines of 


the new windfarm, further to the calculation of a no-avoidance collision rate, is likely to be the same 


as for the turbines of the reference windfarm.   


Thus, having established values A’basic  and   A’extended   for non-avoidance, as derived from the 


reference windfarm, these same values may be assumed to apply to new or projected windfarms for 


the same bird species.   If Cbasic(new) and Cextended (new) are the no-avoidance collision rates 


calculated for the new windfarm, the predicted collisions after avoidance for the new windfarm are: 


basic model:  A’basic  Cbasic (new)    .. eq. S4a 


extended model: A’extended  Cextended (new)    .. eq. S4b 


A’basic is the avoidance rate established from the reference windfarm(s) using the basic model, and 


A’extended that using the extended model; they are related as in equation (S3).  


Dealing with lack of information on g(ref) 


Published information on avoidance rates for reference windfarms has not so far included 


information on avoidance using the extended model, or on g(ref), the ratio between the outputs 


(before avoidance) of the extended and basic models.  Calculation of g(ref) requires information on 


bird size and speed, turbine parameters, and the flight height distribution at the reference site;  


however it does not need information on bird density, levels of flight activity, or number of transits.  


If this limited subset of data  is available, then it should be possible to calculate g(ref) for the 


reference windfarm, for the bird species under assessment.   


It is recommended that any future publication of reference avoidance rates, derived from collision 


monitoring studies, should state both that for use in the basic model and that for use in the 


extended model.  This will require application of both models to the reference windfarm. 
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Example: 


Monitoring studies have established that for a certain bird species, an overall avoidance 


rate of 98% may be assumed.  This has been derived using theoretical collision rates 


derived using the basic model, and comparing these with the actual collision mortality 


observed on an existing windfarm – the ‘reference’ windfarm.  


Abasic = 98%  so  the non-avoidance rate A’basic = 2%. 


Using the extended model, the calculated g factor for this reference windfarm is  0.46.  


Thus the non-avoidance rate appropriate for use with the extended model is  


   A’extended = 2%/0.46 = 4.38% 


The corresponding avoidance rate for use with the extended model is   


1 - A’  = 95.62% 


A developer now undertakes collision risk assessment for a proposed offshore windfarm.  


The CRM extended model which takes account of flight height distributions may be used, 


provided that it makes use of the avoidance rate appropriate for the extended model. 


For the proposed windfarm, the projected collision rates are 23 (basic model) and 8 


(extended model) per year.   Applying the above non-avoidance rates of 2% and 4.38% 


respectively yields 


expected collisions(basic)  = 2% x 23  = 0.46 birds/annum 


expected collisions (extended) = 4.38% x 8 =0.35 birds/annum 


The two models yield different results because the second model takes flight height 


distribution into account, a factor ignored in the basic model. 
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rate of 98% may be assumed.  This has been derived using theoretical collision rates 
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The corresponding avoidance rate for use with the extended model is   
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A developer now undertakes collision risk assessment for a proposed offshore windfarm.  


The CRM extended model which takes account of flight height distributions may be used, 


provided that it makes use of the avoidance rate appropriate for the extended model. 


For the proposed windfarm, the projected collision rates are 23 (basic model) and 8 


(extended model) per year.   Applying the above non-avoidance rates of 2% and 4.38% 


respectively yields 


expected collisions(basic)  = 2% x 23  = 0.46 birds/annum 


expected collisions (extended) = 4.38% x 8 =0.35 birds/annum 


The two models yield different results because the second model takes flight height 


distribution into account, a factor ignored in the basic model. 
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1  Summary  
With the prospect of many offshore wind farms planned in sea areas of north-western 
Europe, there is an increasing demand for information about their impact on the marine 
environment. Along with marine mammals and migrating birds, seabirds are in the focus 
of interest for scientists as well as for the public. In order to provide a comprehensive 
basis for the assessment of possible impacts from wind farms at sea, this report 
summarises the results of seabird studies conducted at already existing offshore wind 
farms (mainly Utgrunden and Yttre Stengrund in Sweden and Tunø Knob, Horns Rev 
and Nysted in Denmark) and discusses the extent and quality of the studies. Relevant 
results from coastal wind farms and other technical activities at sea are taken into 
account as well. The three main effects possibly affecting seabirds are: habitat loss due 
to disturbance, barrier effects, and fatal collisions. 
According to recent studies, six out of the 35 seabird species regularly living in German 
waters strongly avoid offshore wind farms (Red-throated Diver, Black-throated Diver, 
Gannet, Common Scoter, Guillemot, Razorbill), and one other species (Long-tailed 
Duck) was recorded which showed much lower numbers in wind farm areas after 
construction than before. Seven species occur within wind farms which do not show any 
obvious effects, and three gull species even increased in numbers compared to the pre-
construction period. For 18 seabird species, it is not known how and whether the wind 
farms affect their habitat use. Those species which do not occur in wind farm areas 
suffer habitat loss greater than the wind farm area itself, due to the distance they keep 
from the turbines. Physical habitat loss due to the introduction of a hard bottom fauna 
on foundations and scour protections seems to be of minor importance, but it is also not 
known whether, and if so to what extent, seabirds will make use of this new food supply, 
and also of attracted fish. 
Information about flying seabirds is mostly restricted to migrating birds, which may 
behave differently to seabirds during local movements, such as foraging flights or flights 
to and from roosts. It appears that eight species (the same as those mentioned in the 
context of habitat loss, and also the Velvet Scoter and the Black Guillemot) commonly 
fly detours instead of crossing offshore wind farms. Detours were also noted for another 
four species, but it is not clear whether this happens regularly. A total of 15 species 
(mostly gulls and terns, but also staging Long-tailed Ducks and Red-breasted 
Mergansers) were found to fly through wind farms commonly; no information is available 
for eight species. Detours, especially if flown regularly, increase the energy 
consumption of seabirds, and it is even possible that the habitat fragmentation caused 
by the technical barriers will lead to their giving up certain sea areas. 
Although one collision of Eiders was witnessed at a Swedish offshore turbine, no other 
information about mortality from collisions at offshore wind farms is available. As 13 
seabird species belonging to different systematic groups were found as casualties at 
coastal wind farms, seabirds must fundamentally be regarded as vulnerable to 
collisions. However, collision rates, and hence estimates of additive mortality, remain to 
be investigated in future. 
In addition to direct mortality, possibly occurring due to collisions, indirect effects may 
impact the population sizes of those seabird species which avoid offshore wind farms. If 
density-dependent effects lead to lower energy intake rates in replacement habitats 
after displacements from wind farm areas, the mortality rate should increase. In 
addition, carry-over effects may have negative impacts on the reproduction rate 
because of a possible connection between poor body condition on arrival and 
subsequent breeding success. 
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Proposed methodologies for the impact assessment at offshore wind farms are 
reviewed briefly and evaluated with respect to the recent results concerning seabirds at 
operating turbines. In general, assessment procedures can be improved by 
concentrating on those species which avoid wind farms. In addition, avoidance 
distances and thus the necessary sizes of buffer zones are now better known. However, 
as collision rates, effects of increased seabird densities at sea and possible habituation 
effects (most studies so far cover only one or two years of the operational period) are 
largely unknown, no methodologies yet exist which might help to fully assess these 
effects. 
As the population sizes of seabirds are the comparative basis for the assessment of 
impacts, possible effects of offshore wind farms must be addressed in a cumulative 
approach, which cannot be restricted to other wind farms alone, but which must also 
consider such factors as disturbance and displacement by ship traffic and habitat loss 
due to sand and gravel extraction. 
Open questions remain as to the behaviour of seabird species not covered by the 
recent studies and to seabird behaviour during adverse weather conditions (e.g. 
storms), when visibility and manoeuvrability may be negatively affected. In general, it 
appears that more direct observations (e.g. ship-based) should be undertaken in order 
to study avoidance and feeding behaviour of seabirds within wind farms. Furthermore, 
monitoring of prey species would help to get a better understanding of the distribution of 
seabirds in and around wind farms. However, in order to learn more about the impact of 
displacement and barrier effects on population sizes and population dynamics, 
fundamental studies of density effects in overwintering seabirds are essential. 
 
2 Zusammenfassung 
Mit der fortschreitenden Planung von Windparks in Seegebieten Nordwest-Europas 
besteht wachsender Bedarf von Kenntnissen über den Einfluss solcher Anlagen auf die 
Meeresumwelt. Neben Meeressäugetieren und Zugvögeln stehen dabei Seevögel im 
Mittelpunkt des Interesses, sowohl bei Wissenschaftlern als auch in der Öffentlichkeit. 
Als Basis für die Bewertung von möglichen Auswirkungen von Offshore-Windparks 
werden in diesem Bericht die Ergebnisse von relevanten Studien über Seevögel an 
bereits in Betrieb befindlichen Windenergieanlagen auf See (vor allem Utgrunden und 
Yttre Stengrund in Schweden sowie Tunø Knob, Horns Rev und Nysted in Dänemark) 
zusammengefasst, bewertet und diskutiert. Relevante Ergebnisse aus Windparks an 
der Küste bzw. in Küstennähe und von anderen technischen Eingriffen auf See werden 
ebenfalls berücksichtigt. Die drei wichtigsten Effekte, die wahrscheinlich auf Seevögel 
einwirken, sind Lebensraumverlust durch Scheuchwirkung, Barrierewirkung und 
tödliche Kollisionen. 
Von den 35 regelmäßig in deutschen Gewässern (Hoheitsgewässer und 
Ausschließliche Wirtschaftszone) lebenden Seevogelarten zeigen nach bisherigen 
Ergebnissen sechs eine starke Meidung von Offshore-Windparks (Sterntaucher, 
Prachttaucher, Basstölpel, Trauerente, Trottellumme, Tordalk). Zudem kamen Eisenten 
in Windparks in niedrigerer Zahl vor als im selben Gebiet vor dem Bau der Anlagen. 
Sieben Arten kommen innerhalb von Windparks vor, ohne dass auffällige Effekte zu 
erkennen waren. Im Vergleich zur Zeit vor der Errichtung der Windenergieanlagen 
nahmen drei Möwenarten sogar zu. Für 18 der 35 Seevogelarten ist allerdings bisher 
unbekannt, inwiefern Lebensraumverlust durch Offshore-Windparks auftreten kann. Bei 
denjenigen Arten, die Windparks meiden, ist der nicht mehr nutzbare Lebensraum 
größer als die Windparkfläche selbst, da auch zu den am Rand stehenden Anlagen ein 
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Abstand eingehalten wird. Ein Verlust von Lebensraum durch die Einführung von 
Hartsubstrat (Fundamente und umgebende Schüttung) scheint dagegen unbedeutend 
zu sein. Bisher ist aber nicht bekannt, ob und in welchem Ausmaß Seevögel die neu 
entstandene Hartbodenfauna bzw. von ihr angelockte Fische als Nahrung nutzen. 
Informationen über fliegende Seevögel beschränken sich zumeist auf ziehende Vögel, 
während das Verhalten bei lokalen Flugbewegungen (z. B. Nahrungs- und 
Schlafplatzflüge) weniger bekannt ist. Allem Anschein nach vermeiden es acht Arten 
(dieselben wie bei Lebensraumverlust, zusätzlich Samtente und Gryllteiste), Offshore-
Windparks zu durchqueren und umfliegen diese stattdessen. Umwege wurden bei 
weiteren vier Arten festgestellt, doch ist nicht klar, wie regelmäßig diese auftreten. 
Insgesamt 15 Arten durchquerten für gewöhnlich Windparks, vor allem Möwen und 
Seeschwalben, aber auch in den entsprechenden Gebieten rastende Eisenten und 
Mittelsäger. Für acht Arten liegen keine diesbezüglichen Informationen vor. Umwege, 
besonders wenn sie regelmäßig in Kauf genommen werden müssen, erhöhen den 
Energieverbrauch der Seevögel. Außerdem ist denkbar, dass die technischen Barrieren 
zu Habitatfragmentierung führen und deshalb bestimmte Seegebiete als Lebensraum 
aufgegeben werden. 
Außer der Beobachtung einer Kollision von ziehenden Eiderenten an einer 
schwedischen Windenergieanlage gibt es keine weiteren Informationen über Mortalität 
durch Kollisionen in Offshore-Windparks. Weil in küstennahen Windparks 13 
verschiedene Seevogelarten aus verschiedenen systematischen Gruppen als 
Kollisionsopfer festgestellt wurden, müssen Seevögel grundsätzlich als 
kollisionsgefährdet eingestuft werden. Messungen tatsächlicher Kollisionsraten sowie 
Schätzungen zur hierdurch entstehenden additiven Mortalität und ihrer Wirkung auf 
Seevogelpopulationen sollten zukünftig vorrangig durchgeführt werden, um so fundierte 
Bewertungen der Auswirkungen von Kollision zu ermöglichen. 
Zusätzlich zu direkter Mortalität durch Kollisionen können Populationen derjenigen 
Seevögel, die Offshore-Windparks meiden, von indirekten Einflüssen betroffen sein. 
Falls nach der Aufgabe der Windparkfläche dichteabhängige Effekte zu geringerer 
Energieaufnahme in Ersatzlebensräumen führen, könnte die Mortalitätsrate steigen. Da 
der Reproduktionserfolg – wie bei vergleichbaren Vogelarten gezeigt – mit der 
Körperkondition im Winterquartier und während des Heimzuges zusammenhängen 
kann, ist auch eine negative Beeinflussung der Populationsdynamik auf Seiten der 
Fortpflanzung denkbar. 
Methoden, die zur Bewertung der Einflüsse von Offshore-Windparks auf Seevögel 
vorgeschlagen wurden, werden im Licht der Ergebnisse operierender Windparks 
zusammenfassend betrachtet. Grundsätzlich gewinnen diese Verfahren an Wert, wenn 
sie sich auf die Windparks vermeidenden Arten konzentrieren. Außerdem erlaubt eine 
inzwischen bessere Kenntnis von zu Windenergieanlagen eingehaltenen Abständen 
eine bessere Abschätzung der Größe von Pufferzonen. Da aber weder Kollisionsraten 
noch Gewöhnungseffekte – die meisten Studien beziehen sich nur auf die ersten 1-2 
Jahre der Betriebsphase – bekannt sind, gibt es bisher keine Methode, die langfristige 
Folgen für Seevogelpopulationen vorhersagen kann. 
Weil die Populationsgrößen von Seevögeln der Maßstab sind, an denen die 
Auswirkungen von Eingriffen zu messen sind, müssen mögliche Einflüsse von Offshore-
Windparks kumulativ betrachtet werden. Der kumulative Ansatz darf sich dabei nicht nur 
auf andere Windparks beschränken, sondern muss auch andere Eingriffe, die auf 
Seevogelpopulationen einwirken, einschließen (z. B. Störung und Vertreibung durch 
Schiffsverkehr, Lebensraumverlust durch Sand- und Kiesabbau). 
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Offene Fragen bestehen hinsichtlich des Verhaltens der Seevogelarten, die bei den 
dänischen und schwedischen Studien nicht berücksichtigt wurden bzw. dort nicht 
vorkommen, aber auch zur bislang völlig unbekannten Situation bei schlechtem Wetter 
(z. B. Sturm), wenn Sicht und Manövrierfähigkeit der Vögel stark beeinträchtigt sind. 
Ganz allgemein sollten zukünftig mehr direkte Beobachtungen (z. B. von Schiffen aus) 
unternommen werden, um das Verhalten sowohl bei Meidereaktionen als auch bei der 
Nahrungssuche innerhalb von Windparks genauer zu untersuchen. Zusätzlich könnte 
ein Monitoring der Beutearten ein sehr viel besseres Verständnis der 
Seevogelverteilung in und um Windparks fördern. Um allerdings mehr über die 
Einflüsse von Lebensraumverlust und Barrierewirkung auf die Populationsgröße von 
Seevögeln zu erfahren, sind grundlegende Studien zu Dichteeffekten bei 
überwinternden Seevögeln unerlässlich. 
 
 
 







DIERSCHKE & GARTHE: Offshore Wind Farms and Seabirds 


 


136


 


3  Introduction 


Seabirds play an important role in the assessment of the possible impacts of offshore 
wind farms on the marine environment. Despite numerous studies of the consequences 
of on-shore wind turbines for birds (most recently reviewed by HÖTKER et al. 2004 and 
PERCIVAL 2005), the in many respects different biology of seabirds generally limits the 
extend to which results from studies at land can be applied to offshore wind farms. 
Seabirds include breeding birds from coastal areas and islands which undertake 
foraging flights to the open sea as well as birds living there to overwinter, moult or stop 
over during migration. Habitat loss (displacement due to disturbance by operating 
turbines and associated ship and helicopter traffic, or habitat alteration by artificial 
creation of hard-bottom substrate), habitat fragmentation due to barrier effects during 
flight (disturbance by operating turbines) and additional mortality (collision with turbines) 
are regarded as the most important possible impact factors (GARTHE 2000, NOER et al. 
2000, EXO et al. 2002). 
To date, fairly few of the offshore wind farms built since the early 1990s have been 
studied with respect to their effects on seabirds. This review intends to summarise the 
knowledge of seabird reactions to operating offshore turbines, and to discuss the 
universality of the results of published impact studies. As similar effects may arise from 
related impacts, relevant studies of offshore platforms, ship traffic and aggregate 
extraction are likewise considered. The general focus of this review is on the 35 seabird 
species which regularly live in the German parts of North and Baltic Seas – the 12-mile 
zone plus the Exclusive Economic Zone (GARTHE et al. 2003a, see also Table 2). 
 
Several methods for the assessment of possible impacts of offshore wind farms on 
seabirds have been proposed (e.g. NERI 2000, PERCIVAL 2001, DIERSCHKE et al. 2003, 
GARTHE & HÜPPOP 2004). Of special interest is the question as to whether the results 
from studies at existing turbines correlate with the assumptions included in these 
methods, and whether modifications and a review of these methods appears necessary. 
Furthermore, the possible consequences of the observed effects on the population 
dynamics of the respective seabird species are discussed. 
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4  Methodology  


This report summarises the results of studies on seabirds at offshore wind farms in 
construction and operation. Some of the studies are still in progress, and results were 
only considered here if published before 30 June 2005. Despite of the fact that a 
considerable number of offshore wind farms (Fig. 1) exists, only few of them were 
studied with regard to effects on seabirds during construction and/or operation. This 
report therefore mainly relies on results obtained at five offshore wind farms (for 
technical details see Table 1): 


• Tunø Knob (Århus Bay, Baltic Sea, Denmark, operating since autumn 1995, 
GUILLEMETTE et al. 1998), 


• Utgrunden (Kalmar Sound, Baltic Sea, Sweden, operating since December 
2000, PETTERSSON & STALIN 2002), 


• Yttre Stengrund (Kalmar Sound, Baltic Sea, Sweden, operating since 
September 2001, PETTERSSON & STALIN 2002), 


• Horns Rev (west of Jutland, North Sea, Denmark, operating since the last 
quarter of 2002, PETERSEN et al. 2004), 


• Nysted (south of Lolland, Baltic Sea, Denmark, operating since August 2003, 
KAHLERT et al. 2004b). 


 
In addition, observations at the semi-offshore Lely wind farm in the IJsselmeer, in the 
Netherlands were included (DIRKSEN et al. 1998c). Finally, effects of wind turbines on 
seabirds were studied at some wind farms which were built directly at the coastline or 
close to it. Results obtained there can also give indications on the effects that can be 
expected from offshore wind farms, especially with respect to flight behaviour, potential 
barrier effects and collision risk. 
 
Table 1:  Technical details of the five offshore wind farms, at which the majority of information about 


seabirds was gained (data from various reports and websites). 
 


 Tunø Knob Utgrunden Yttre Stengrund Horns Rev Nysted 
location Århus Bay, DK Kalmar Sound, SKalmar Sound, S W of Jutland, DK S. of Lolland, DK
wind farm area 0.3 km² – – 20 km² 24 km² 
wind farm extension 0.8 km 2.2 km 1.5 km 5.0 km 6.0 km 
water depth (m) 3 - 5 m 7 - 10 m 6 - 10 m 6.5 - 13.5 m 6 - 9.5 m 
closest distance from coast 3 km 8 km 5 km 14 km 10.5 km 
closest distance between turbines 200 m ? ? 560 m 480 m 
number of turbines 10 7 5 80 72 
power per turbine 0.5 MW 1.5 MW 2 MW 2 MW 2.3 MW 
total height 60 m 101 m 96 m 110 m 110 m 
Hub height 40.5 m 65 m 60 m 70 m 69 m 
rotor diameter 39 m 70.5 m 72 m 80 m 82 m 
 
In general, the results (e.g. figures and values) were taken as shown in the reports on 
seabird studies. Sometimes, additional values had to be worked out from figures listed 
in the reports. For example, in the reports about seabirds at the Horns Rev and Nysted 
wind farms, bird numbers are given for three partial areas in comparison to the whole 
area surveyed: wind farm; wind farm plus 2 km radius; and wind farm plus 4 km radius. 
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In order to compare the development of bird numbers in the 2-km-zone (not counting 
the wind farm) and the 4-km-zone (not counting the wind farm or 2 km zone), the 
respective values were calculated from the data shown in the reports. 
A systematic list of species mentioned in this report is shown in Appendix I. 
 
Acknowledgements: This report has been aided by discussions with and support from 
C. ZUCCO, T. MERCK and I. KÖCHLING of the German Federal Conservation Agency, the 
Seabird Group in the Forschungs- und Technologiezentrum Westküste (West Coast 
Research & Technology Centre) and other colleagues working on environmental 
questions regarding offshore wind farms in Germany and Denmark. Unfortunately, 
information flow has been very poor, apart from published reports. Many requests for 
information were not answered, especially by energy companies. 
 
 
 
 


 
 


Fig. 1:  Offshore and semi-offshore wind farms operating as of June 2005. Wind farms mentioned in this 
report are indicated as follows: SV Svante, VI Vindeby, TK Tunø Knob, LE Lely, UT Utgrunden, 
YS Yttre Stengrund, NY Nysted, HR Horns Rev. 
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Table 2: Overview of seabirds (35 species regularly occurring in German waters, GARTHE et al. 2003a) 
covered by studies on barrier effects (B), collision risk (C) and habitat loss (H) at offshore wind 
farms. Species listed in Annex I of the EU Birds Directive are printed bold. Coast: relevant studies 
from coastal wind farms (<5 km inland; C only with respect to proved collisions).* Species only 
considered as part of a species group; 1 only migrating birds (no local movements); in brackets: 
small sample size or fragmentary information. Note that a notification does not necessarily mean 
that there are appropriate results, because insigfnificant information was often provided. 


 Tunø Knob Utgrunden Yttre Stengrund Horns Rev Nysted Coast 
Red-throated Diver  (B*1) (H*) (H*) B*1 H*  B C 
Black-throated Diver  (B1) (H*) (H*) B*1 H*   
Great crested Grebe       
Red-necked Grebe    (B1)   
Slavonian Grebe  (B1) (B1)    
Fulmar    (B1)  B C 
Sooty Shearwater    (B1)   
Gannet    B H   
Cormorant (H) B (C1) (H) B1 (C1) (H) B1 C1 H B H B C 
Greater Scaup  (B1) (H*) (B1) (H*)   B* 
Eider B H B C1 H B1 C1 (H) B1 (H) B H B C 
Long-tailed Duck  (B) H   B H  
Common Scoter (H) H  B C H   
Velvet Scoter  (B1) (B1) (H) B1   
Red-breasted Merganser  (B1) H B1 (H) B1 B  
Pomarine Skua       
Arctic Skua  (B1)  B C   
Great Skua    (B1)   
Little Gull    B1 H B*1  
Black-headed Gull    B1 C*1 B*1 B C 
Common Gull    B1 C*1 B*1 B* C 
Lesser Black-backed Gull  (B1) (B1) B1 C*1 B*1 B C 
Herring Gull    B C H B*1 H B C 
Great black-backed Gull    B C H B*1 B C 
Kittiwake  (B1) (B1) B1 C*1 H  B C 
Caspian Tern  (B1) (B1)    
Sandwich Tern    B C*1 B1 B 
Common Tern   C*1 B* C*1 H*  B C 
Arctic Tern   C*1 B* C*1 H*   
Black Tern      B C 
Guillemot    B*1 H*  C 
Razorbill    B*1 H*   
Black Guillemot  (B1)     
Little Auk       
Puffin       
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5  Results  


5.1  Effects of Offshore Wind Farms on Seabirds 


5.1.1  Barrier Effects for Flying Seabirds 
Except for the Tunø Knob wind farm, the question of barrier effects at offshore wind 
farms was studied only for migrating birds (including seabirds). However, results about 
avoidance reactions shown by seabirds during flight at Utgrunden, Yttre Stengrund, 
Nysted and Horns Rev may in part be valid for non-migratory flights of seabirds as well. 
For instance, high proportions of seabirds flying southwards in spring and northwards in 
autumn suggest that observations at Horns Rev in some cases involve staging birds. 
This is especially true for the Common Scoter which is present around the wind farm 
area in very large numbers. The behaviour of seabirds observed at coastal wind farms 
may also be transferred to offshore situations, hence the respective studies are 
considered here as well. Despite the inclusion of the latter studies, no information on 
possible barrier effects is available for a number of species (Table 2). Consequences of 
detours and changes in flight altitude of affected birds on the energy budget are dealt 
with not here, but in a parallel study on migrating birds (HÜPPOP et al. 2005). 
 
Tunø Knob, Denmark 
The flight activity of Eiders (locally wintering birds) was observed with radar at night and 
during twilight from December 1998 to April 1999 (TULP et al. 1999). As for the 
observations concerned wintering and staging birds, the flights can be regarded as local 
movements within a staging area. High flight activity was noted especially at dawn 
(flights to display areas) and on moonlit nights, but was much lower on dark nights. 
Nocturnal flight activity was low within a distance of 1000-1500 m from the wind farm, 
but higher than expected at a distance of 1500 m, probably due to a concentration of 
evading birds. Such an effect was already observable at 1200 m distance at dusk, but 
was absent (or below 200 m distance) at dawn. The avoidance reactions occurred on all 
sides of the wind farm and were therefore independent of the location of the areas used 
for resting and foraging, respectively. Not only the wind farm area (0.3 km²), but also a 
large area around the wind farm (approx. 12.9 km²) was avoided by Eiders. 
Flights within a distance of 500 m around the wind farm were analysed more precisely. 
With increasing darkness, fewer flights occurred between the turbines. Eiders much 
more often entered the wind farm parallel to the two rows of turbines (mostly through 
the 400 m wide gaps between the rows) than perpendicular to the turbine rows, 
between the 200 m wide gaps. Irrespective of light conditions and flight direction, more 
flocks flew outside than inside the wind farm. A directional change was observed in 6.5-
7.5% of the flocks observed, and more often on moonlit than on dark nights. 
The authors conclude from their results that with regard to nocturnal movements of local 
Eiders, the wind farm acts as a barrier, which is actively avoided. In daytime, such 
avoidance seemed to be restricted to a distance of about 100 m from the wind farm 
(GUILLEMETTE et al. 1998, see 5.1.3). 
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Utgrunden, Sweden 
Observations of flying birds nearly exclusively refer to migration, which takes many 
seabirds along the 20 km wide Kalmar Sound in the spring and autumn. Diurnal 
migration was monitored visually during parts of the spring seasons of 1999 (pre-
construction), 2001, 2002 and 2003 (operation); and during parts of the autumn 
seasons of 2000 (construction) and 2002 (operation), from the mainland and Öland 
coastlines as well as from the lighthouse located in the middle of the Sound. Using data 
from a nearby military radar station, the flight paths of migrating bird flocks were 
recorded during daytime and nighttime hours, but the calibration of the radar allowed 
only the tracking of large and/or high flying bird flocks (at least 45-100 Eiders, 
PETTERSSON 2005). All results mentioned refer to the reports by PETTERSSON (2001, 
2002, 2003, 2005). 
During visual observations, the Kalmar Sound was divided into four zones with widths of 
5 km each (A, B, C, D from west to east). The outer zones were observed from the 
respective coastlines, and the inner two zones from the lighthouse. During spring 
migration, Eiders were by far the most abundant seabirds (e.g. Table 3). In the pre-
construction phase (spring 1999), Zone C was preferred by Eiders (37% of all birds), but 
the same zone was strongly avoided after seven turbines had been built there parallel to 
the direction of flight (7% in 2001 and 6% in 2002-2003 of all birds observed, see Fig. 2 
and Table 3: decreases in Zone C and increases in Zone D significant). Within Zone C, 
the spring migration of Eiders was distributed evenly over five 1 km wide sub-zones 
before construction, but the three sub-zones in which turbines were located were clearly 
avoided during operation, and the sub-zone closest to the turbines was also used to a 
much lesser degree (Fig. 3). Compared to the first post-construction spring (2001), a 
slight increase in the number of Eiders passing between or over the turbines (sub-zones 
3-5) was noted. Eiders usually detoured the wind farm, altering their course by 1-2 km in 
front of the turbines and keeping a distance of at least 500 m from them (of the total 
10,654 waterbird flocks observed during spring migration, only 3.1% approached closer 
than 500 m to a turbine, and only 0.3% passed at approximately 100 m distance). 
Detours ranged between 1.2 and 2.9 additional kilometres flown. Of those Eider flocks 
which came close to the wind farm, some crossed between the turbines, preferably at 
those temporarily not operating (Fig. 4). On a day on which Eider migration proceeded 
perpendicularly to the row of turbines, 6% of the flocks passed in between and 9% 
above the turbines; all the other flocks flew around the wind farm. No Eider approached 
a turbine more closely than 100 m. 
Autumn migration of Eiders took place along the mainland coast during construction and 
operation of the wind farm. It seems that this was the commonly used route, even 
before construction. Eiders heading towards the wind farm in autumn already changed 
their flight direction 3-4 km in front of the turbines and kept a distance of about 1 km 
from them, with detours of a few hundred metres to 1 km flown additionally. As in the 
spring, the few birds flying in Zone C avoided the three sub-zones containing the wind 
farm. Radar observation in daylight confirmed the long detours flown by Eiders in the 
spring and autumn. 
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Fig. 2:  Distribution of spring-migrating Eiders over four 5 km wide zones in the Kalmar Sound between 
Öland and the Swedish mainland coast, before and after construction of the Utgrunden wind farm 
(seven turbines) in Zone C in December 2000. From PETTERSSON & STALIN 2002. 


 


Table 3: Distribution of spring migrating seabirds on four 5 km wide zones of Kalmar Sound before (1999) 
and after (2001) construction of the Utgrunden wind farm. The turbines were built in Zone C 
(printed bold for comparison), for the location of the four zones see Fig. 2. Data from PETTERSSON 
(2002), but birds migrating over land were omitted from the analysis. The differences between the 
yearly proportions in Zone C are significant for all species (χ² tests calculated with data from 
PETTERSSON 2002). 


 Spring 1999 (pre-construction) Spring 2001 (operation) 
 A B C D n A B C D n 
Divers 1% 72% 16% 11% 580 3% 87% 4% 5% 705
Cormorant 46% 23% 22% 9% 807 57% 13% 14%* 17% 1819
Eider 5% 34% 40% 21% 120087 8% 14% 6% 72% 179341
Red-breasted Merganser 22% 19% 18% 41% 754 18% 22% 4% 56% 1532


 
* PETTERSSON (2005) states an increase to 25% for Cormorants in Zone C in the spring seasons 2001-2003. However, the data in 
his Table 16 suggest that only some 10-11% of the Cormorants were recorded in this zone. 
 
Compared to Eiders, the pooled results obtained for other large birds (with Cormorant 
and Red-breasted Merganser reported as being the most abundant) are very much the 
same. Details of the distribution over the four zones of Kalmar Sound are given for 
divers, Cormorant and Red-breasted Merganser, which all showed decreased 
proportions of birds migrating in Zone C in spring after the wind farm had been built 
(Table 3). Before construction, 28% of all waterbirds (except Eiders) migrated in Zone 
C, but many switched to zone D during operation, with only 6% recorded in Zone C in 
2001, and 17% in 2002-2003. 
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Fig. 3:  Distribution of spring migrating Eiders over five 1 km wide sub-zones of zone C in the Kalmar 
Sound (compare Fig. 2) before and after the construction of seven turbines in the sub-zones 3, 
4 and 5 in December 2000. Taken from PETTERSSON & STALIN 2002. 


 
 
 


 
Fig. 4:  Flight paths of Eiders and Cormorants tracked by optical rangefinder at the Utgrunden wind 


farm in Spring 2003 (taken from Petterson 2005). 
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In autumn, divers (mostly Black-throated Divers), scoters, auks and Arctic Skuas 
preferred to fly in the middle of the Sound, but avoided getting close to the wind farm. 
Cormorants and Red-breasted Mergansers crossed the wind farm more often than other 
seabirds. Bird flocks tracked by radar revealed flights round the wind farm at daytime 
and nighttime, and during both good and poor visibility, indicating that birds are able to 
detect wind turbines even in darkness and fog. However, an increased rate of flight 
paths passing straight through the wind farm was observed during fog during daytime. 
The species involved were unknown in these cases. Regarding the distribution of 
migrating birds over the sub-zones of Zone C, data are presented for some rare species 
(but unfortunately not for the common ones). Accordingly, it appears that Velvet Scoters 
and Black Guillemots avoid the wind farm area, whereas Greater Scaups were flying in 
the sub-zones containing the turbines (Table 4).  
With respect to local wintering birds, the general statement is that Eiders, Long-tailed 
Ducks and Cormorants which forage in the shallow water around the wind farm area 
commonly fly back and forth between the turbines. However, quantitative data are not 
available for staging birds, because the vast majority of results mentioned above refer to 
actively migrating birds. The question as to the extent to which a barrier effect for 
staging birds can be deduced from the visual and radar observations at Utgrunden 
remains open. 
 
Table 4:  Number of seabirds migrating through sub-zones outside (1, 2) and inside (3, 4, 5) the 


Utgrunden wind farm before and after the construction of the turbines. S spring, A autumn. 
 


 Season Pre-Construction Operation 
    outside WF WF sub- zone outside WF WF sub-zone 
Slavonian Grebe S + A 0 0 4 0 
Greater Scaup A 0 0 0 14 
Velvet Scoter S + A 11 21 41 0 
Lesser Black-backed Gull S 2 2 3 0 
Kittiwake A 0 0 1 0 
Caspian Tern S 0 0 1 0 
Black Guillemot S + A 8 4 34 0 


 
 
Yttre Stengrund, Sweden 
Due to the proximity to the Utgrunden wind farm, visual observations of diurnal 
migration and radar tracking were conducted for both wind farms combined. As at 
Utgrunden, flying birds at Yttre Stengrund were for the most part actively migrating 
birds, and the area is hardly used by staging seabirds (see 5.1.3). Observations of bird 
migration were carried out during the pre-construction period (autumn 2000, spring 
2001) and the operational period (autumn 2001, spring and autumn 2002, spring 2003). 
All results are from PETTERSSON (2002, 2003, 2005). 
In the southern Kalmar Sound, observations were carried out only from the mainland 
coast. Migrating birds in zone A (mainland side, see Utgrunden) were assigned to four 
sub-zones with a width of 1-1.5 km each (1, 2, 3, 4). During the autumn of 2000, Eiders 
and other seabirds (species composition not given) were distributed equally over the 
four sub-zones. After the five turbines were built in sub-zone 3, this sub-zone was 
avoided nearly completely by Eiders (2000: approx. 20% of all flocks, 2001: no flocks at 
all, 2002: three flocks only; see also Table 5). Not a single flock crossed the wind farm; 
instead the birds evaded it, shifting to sub-zones 2 (2001) and 4 (2002). In doing so, 







DIERSCHKE & GARTHE: Offshore Wind Farms and Seabirds 


 


145


 


they only exceptionally came closer to the turbines than 500 m. Detours started at about 
800-1000 m in front of the wind farm and caused prolonged flights of 1.2-3 km. Seven 
(out of 756) Eider flocks behaved indecisively before passing. During the spring, the 
proportion of Eider flocks flying in the wind farm sub-zone decreased as well, from 13% 
before construction (2001) to only 2% during operation (2002). Detours tracked by radar 
during the spring revealed flight paths approximately 2 km longer. 
Other seabirds also avoided sub-zone 3 during autumn migration (after construction, 
only 3% of all flocks, compared to 9% before construction) and flew around the wind 
farm on both the eastern and western sides. Red-breasted Mergansers are reported as 
flying through the wind farm, and migrating Common/Arctic Terns were found to fly 
close to and between turbines without showing “great deviation manoeuvres”. Although 
Cormorants were scarce in sub-zone 3 before construction, the proportion of birds using 
this section decreased from 2.5% to 0.3% (Table 5). A much stronger decrease in sub-
zone 3 was noted for Velvet Scoters (from 22.6% during pre-construction to 5.4% during 
operation), but 20.3% of Greater Scaups migrated in this zone with operating turbines 
(Table 5). During spring migration, sub-zone 3 was generally used by only few birds 
(approx. 3% of all flocks) before construction, and this proportion was even smaller 
during operation (approx. 1%). According to radar observations, seabirds (most 
probably including Eiders) were flying around the wind farm even at night (mostly on the 
eastern side) and on foggy days (on both sides). 
 
Table 5:  Number of seabirds migrating through sub-zones outside (1, 2, 4) and inside (3) the Yttre 


Stengrund wind farm before and after the construction of the turbines. S spring, A autumn. 


 Season Pre-construction Pre-construction Operation Operation 
    Outside WF WF sub-zone Outside WF WF sub-zone 
Slavonian Grebe S + A 2 0 5 0 
Cormorant A 1383 35 3290 11 
Greater Scaup S + A 60 0 121 31 
Eider A 42290 2611 122512 647 
Velvet Scoter S + A 188 55 353 20 
Lesser Black-backed Gull A 3 0 17 0 
Kittiwake A 0 0 1 0 
Caspian Tern S + A 1 0 3 0 
Black Guillemot S 1 0 0 0 


 
 
Nysted, Denmark 
Radar tracking of birds flying at the Nysted wind farm is available from the pre-
construction period (1999-2002), during construction (spring 2003), and from the 
operational period (autumn 2003, spring 2004; KAHLERT et al.2004a, 2004b). The radar 
equipment was based on an observation tower 5 km northeast of the wind farm. The 
results presented in the reports mostly refer to actively migrating waterbirds, including 
species not considered seabirds in this review, because the radar tracks were assigned 
to this group due to their flight speed. The migration of waterbirds generally took place 
along an east-west axis. During the spring, Eiders made up 48% of all flocks during 
operation (61-90% in the preceding years), and their share was 45% in the autumn (all 
years combined). A large proportion (31%) of autumn flocks involved foraging flights by 
Cormorants, which rested on the nearby Rødsand; local staging Red-breasted 
Mergansers were also involved. The analysis of radar data concentrated on directional 
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changes of flight paths and the proportions of flocks crossing the eastern border of the 
wind farm. 
During autumn migration, the general route of migrating waterbirds turns westward 
after passing the southern tip of Falster and brings birds towards the wind farm area in a 
broad front. Before construction, they crossed this area in a straight line, but during 
construction and operation they have flown around the wind farm (Fig. 5). Because 
detours to the north and to the south occurred concurrently, the average flight direction 
remained the same, but the response to the turbines could be measured as an 
increasing standard deviation when approaching the wind farm. Accordingly, directional 
changes started mainly at a 1 km distance at night and at a 3 km distance during 
daytime. The probability of crossing the eastern border when approaching from the east 
varied between 23.9% and 48.1% during the pre-construction period, but fell to 8.9% 
(daytime: 4-7%; nighttime: 11-24%) during operation. The difference between the two 
periods is significant, even when accounting for side winds, time of day and the position 
of flocks during the approach. The migration intensity (length of all flight paths 
measured in a monitoring area divided by the number of flocks flying in across the 
eastern border) decreased from pre-construction to operation within the wind farm, but 
remained the same in a control area outside the wind farm. Visual observations at the 
radar station northeast of the wind farm showed that 3% of Eider flocks were heading 
back towards the east during operation, almost the same as in the years prior to 
construction. 
 


 
 


Fig. 5:  Radar registration of 508 waterbird flocks visually ascertained at the Nysted wind farm during the 
autumn of 2003 (operational period). From KAHLERT et al. 2004b. 


 
 
Spring migration usually takes place closer to the south coast of Lolland, and thus 
mainly north of the wind farm area. However, during the pre-construction period, 16% 
(2001) and 25% (2002) of waterbird flocks crossed the eastern border of the wind farm. 
This proportion was lower during construction (11%) and operation (11%), and it can be 
assumed that these birds flew through the wind farm. Differences between the pre-
construction period and the construction or operational periods, respectively, are 
significant only for nocturnal migration. 
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From statements in the reports, it can be concluded that the results refer mainly to 
migrating birds, but also include local staging birds (Cormorant, Eider, Long-tailed Duck, 
Red-breasted Merganser and gulls are mentioned). Radar tracking was only considered 
in the analysis when it could be followed for at least 5 km. This suggests that an even 
lower proportion of staging birds is included in the results. It could not be ascertained 
whether staging birds behaved similarly to migrating birds. Therefore, a general transfer 
of the results to barrier effects on staging birds is not possible, except for foraging flights 
by Cormorants (see 5.1.3). 
 
Horns Rev, Denmark 
According to the published reports (CHRISTENSEN et al. 2004, CHRISTENSEN & HOUNISEN 
2004, 2005), movements of birds were recorded from a transformer station at the 
northeastern edge of the wind farm, using both radar (August 2003 to May 2004, total of 
195 hours, both daytime and nighttime) and visual equipment (August 2002 to May 
2004, total of 169 hours). Visual observations during the daylight period were conducted 
along four transect lines, of which one ran along the easternmost row of turbines, one 
across the wind farm, and two outside the wind farm (Fig. 6); the birds crossing the 
transect lines were counted. 
 
 


 
 


Fig. 6:  Transect lines observed visually from the transformer station at the Horns Rev wind farm (from 
CHRISTENSEN et al. 2004). 


 
Radar observations during the autumn demonstrated that birds approaching the wind 
farm significantly altered their flight direction. When approaching the northern edge of 
the wind farm, they changed their flight direction from SW to S (with the most apparent 
point of deflection at a distance of 400 m from the wind farm) and when heading 
towards the eastern edge of the wind farm, they changed their flight direction from SW 
to W. These manoeuvres resulted in detours around the southeastern and northwestern 
corners of the wind farm, as well as in entering the wind farm perpendicular to the 
turbine rows. Thus, the few flocks which actually entered the wind farm (13.9% of 
approaches from the north and 21.9% of approaches from the east) chose to fly through 
the centre between the rows of turbines. Entrance to the wind farm occurred 
independently of wind conditions and time of the day (day/night). During the spring of 
2004, directional changes of birds flying southwards mainly occurred 400-500 m in front 
of the wind farm. With much less data than in 2003, the proportion of flight paths leading 
into the wind farm was 0% from the north and 29% from the east. Northbound spring 
migration was also found to be deflected well before the wind farm, tentatively estimated 
at a 4-6 km distance. 
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During visual observation, none of the 70 divers recorded crossed those two transect 
lines, which indicate flights through the wind farm. The two single divers tracked by 
radar passed at a distance of 900 m or made a U-turn 1 km before the wind farm, 
respectively. Very low proportions of individuals flying within the wind farm were also 
observed for Gannets (1.1%), Common Scoters (1.1%), Velvet Scoters (0.6%) and 
Guillemots/Razorbills (3.8%). While flight paths of 16 individuals or flocks of Gannets 
tracked by radar confirmed avoidance of the wind farm, Common Scoter flight paths 
were also recorded between the turbines. However, more flight paths were found 
outside the wind farm (where many birds were staging during the spring of 2004); within 
the wind farm, unexpected turns occurred (Fig. 7). In addition, in a sample of 20 flocks 
approaching the wind farm, all birds reacted to the turbines by changing their flight 
directions (mostly at 200-500 m distance). Large proportions of individuals flying in or 
into the wind farm were obserbed for Arctic Skuas and most species of gulls and terns 
(24-51%), with the exception of Little Gulls (13%, Table 6). Flight paths of gulls and 
terns recorded by radar confirm frequent entry to the wind farm. 


 
Fig. 7:  Radar tracking of Common Scoters (n = 138 individuals/flocks) at the Horns Rev wind farm during 


the spring of 2004 (from CHRISTENSEN & HOUNISEN 2005). 
 
In some of the flights across the transect lines the observers recorded the reaction of 
seabirds to the turbines. None of 13 divers and 28 Gannets entered the wind farm; all 
turned west and flew southwards again only after passing the wind farm. The same was 
observed for approaching Fulmars. A total of 28 Common Scoters did not fly into the 
wind farm, but detoured to the east or west. Common Scoters which were present in 
”many thousands” (spring of 2003) or “in large numbers” (spring of 2004) north and 
northwest of the wind farm avoided the turbines at a distance of 300-1000 m and often 
turned back when disturbed by ships. Short panic reactions during flights between the 
turbines were observed among Red-necked Grebes, Cormorants and one Great Black-
backed Gull. In general, gulls, Arctic Skuas and Sandwich Terns seemed to enter the 
wind farm without fear, whereas Common/Arctic Terns often left the wind farm only a 
short time after entering it. 







DIERSCHKE & GARTHE: Offshore Wind Farms and Seabirds 


 


149


 


Table 6: Numbers of seabirds observed visually crossing four transect lines at the Horns Rev wind farm 
during the spring of 2003 and 2004 and the autumn of 2003; data from CHRISTENSEN et al. 
2003, CHRISTENSEN & HOUNISEN 2004, 2005. For the direction of the transect lines, see Fig. 6. 
Birds crossing transect lines S and SW are considered to be flying within the wind farm (flying in 
or out, and flying inside, respectively). 


 
 Spring Autumn Total % S+SW 
 E W S SW E W S SW  (in wind farm)
Divers 28 3 0 0 39 14 0 0 84 0.0
Red-necked Grebe 0 0 0 0 6 0 0 0 6  
Fulmar 0 0 0 0 2 1 0 0 3  
Sooty Shearwater 0 0 0 0 1 0 0 0 1  
Storm Petrel 0 0 0 0 1 0 0 0 1 
Gannet 155 39 1 0 52 16 1 1 265 1.1
Cormorant 1 9 0 0 134 3 3 5 155 5.2
Shag 0 0 1 0 0 0 0 0 1  
Eider 0 0 2 0 5 0 0 0 7  
Common Scoter 36012 20786 114 522 558 334 6 2 58334 1,1
Velvet Scoter 160 0 0 0 0 2 1 0 163 0.6
Red-breasted Merganser 2 0 0 0 0 0 0 0 2  
Great Skua 0 0 0 0 2 0 0 0 2  
Arctic Skua 44 27 18 8 7 0 1 0 105 25.7
Common Gull 94 81 85 39 15 23 22 34 393 45.8
Herring Gull 148 221 122 83 183 80 95 67 999 36.7
Lesser Black-backed Gull 49 12 11 16 14 23 10 10 145 32.4
Great Black-backed Gull 80 63 31 20 237 201 139 121 892 34.9
Black-headed Gull 10 21 9 32 29 11 4 3 119 40.3
Little Gull 46 143 22 2 61 50 1 20 345 13.0
Sabine's Gull 0 0 0 0 1 0 0 0 1  
Kittiwake 78 141 46 29 61 93 12 33 441 24.3
Arctic/Common Tern 250 84 182 3 183 36 32 21 791 30.1
Sandwich Tern 545 938 1132 499 69 135 52 43 3413 50.6
Guillemot/Razorbill 6 1 0 0 37 7 1 1 53 3.8


 
 
In summary, some seabirds (divers, Gannet, scoters, auks) actively avoided the wind 
farm, suggesting the occurrence of a barrier effect during changes of location within an 
area of sea used by them. In the case of the Common Scoter, the observations in fact 
referred to local movements. A quite large proportion of gulls and especially terns 
entered the wind farm from the east and left it on the same side. As flights into and out 
of the wind farm were of the same magnitude, CHRISTENSEN et al. (2004) assume that 
these birds use the wind farm as a landmark on foraging flights starting at the coast. 
 
Coastal Wind Farms 
Information from five coastal wind farms may help assess possible barrier effects from 
offshore wind farms for seabirds. Three of these wind farms are located directly at the 
shore on piers or seawalls (Blyth Harbour, Maasvlakte, Zeebrugge). One single turbine 
was built close to the IJsselmeer Dam (Den Oever) and one wind farm operates close to 
the shore in the IJsselmeer (Lely). 
Nine turbines (rotor diameter 25 m, total height 38 m) were built at intervals of 200 m on 
the outer pier of Blyth Harbour in northeastern England. During a seven-year study 







DIERSCHKE & GARTHE: Offshore Wind Farms and Seabirds 


 


150


 


(STILL et al. 1996, PAINTER et al. 1999), considerable numbers of Cormorants, Eiders, 
Black-headed Gulls, Herring Gulls and Great Black-backed Gulls were present for 
several months or all year. When flying to and from their roosts in the harbour, 
Cormorants regularly crossed the row of turbines, with 10% of the birds flying at rotor 
height and all the others below it. During the first years of the study, some of the Eiders 
present outside the harbour flew into the harbour between the turbines, but later entered 
that area only by swimming. Large gulls made up 80% of all flights between the 
turbines, but many more flew along the row of turbines (20-300 flights per 10 min) than 
perpendicular to them (0.7-1.5 flights per 10 min). 16% (Great Black-backed Gulls) and 
13% (Herring Gulls) of the crossings occurred at rotor height, but the greater share 
occurred below that height, and rarely above it. According to anecdotal reports, 
Fulmars, Black-headed Gulls, Kittiwakes and Sandwich Terns also passed through the 
wind farm. 
Two rows of nine and 13 turbines, respectively, operate directly at or on the seawall of 
Maasvlakte, The Netherlands. The turbines (total height: 56.5 m, rotor diameter: 35 m) 
have been built at intervals of 130 m and are located between breeding colonies of gulls 
(mostly Lesser Black-backed and Herring Gulls, but also Black-headed and Common 
Gulls) and Common Terns and the offshore feeding grounds of these birds. In July 
2001, VAN DEN BERGH et al. (2002) observed the flight activity of breeding seabirds in the 
wind farm. At both rows of turbines, most seabirds crossed below the rotor tips (92% 
and 62%, respectively). Of the birds passing below the rotor tip, 3.1% of gull flocks and 
5.3% of Common Tern flocks showed behavioural reactions, but only one gull turned 
back. The rate of reaction was much the same amongst gulls flying above total turbine 
height (3.0%). The authors exclude a barrier effect for the foraging flights of the 
seabirds investigated and see their results as showing reduced sensitivity in breeding 
birds or rapid habituation during the breeding season. 
A total of 23 turbines are in operation on the eastern pier of Zeebrugge harbour in 
Belgium. Turbine size varies: ten have a total height of 29 m (rotor diameter: 14 m), 12 
a total height of 50 m (rotor diameter: 34 m), and one has a tip height of 79 m (rotor 
diameter: 48 m). Thirteen of the turbines are located directly at the shoreline, of which 
four are very close to a tern colony. The terns as well as gulls breeding elsewhere in the 
harbour regularly cross the wind farm in order to forage at sea (EVERAERT 2003). The 
majority of birds (54-82%) of all of the abundant species passed below rotor height and 
only a small fraction (1-14%) above total turbine height (Table 7). Depending on species 
and flight altitude, part of the passing seabirds showed avoidance reactions (deviations, 
changes of flight altitude, turning back) to the turbines (Table 7). Because most birds 
eventually passed the wind farm, a barrier effect was not assumed. The proportion of 
reacting birds was correlated with wing span, i.e. larger birds reacted in larger 
proportions (cf. Table 7). 
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Table 7:  Proportions of seabirds showing avoidance reactions (deviation, change of flight altitude, turning 
back) when crossing the wind farm on the Oostdam of Zeebrugge harbour below rotor height (0-
15 m), at rotor height (16-50 m) and above rotor height (51-65 m). The proportions referring to 
total turbine height (0-50 m) are given as well (all data from EVERAERT 2003). 


Species Flight altitude N 
Percentage of 


all birds passing
Number of birds 
showing reaction 


Percentage of birds 
showing reaction 


Herring Gull 0-15 m 85 62.5% 8 9.4% 
 16-50 m 34 25.0% 13 38.2% 
 51-65 m 17 12.5% 7 41.2% 
  0-50 m 119 87.5% 21 17.6% 
Lesser Black-backed Gull 0-15 m 44 54.3% 6 13.6% 
 16-50 m 26 32.1% 7 26.9% 
 51-65 m 11 13.6% 7 63.6% 
  0-50 m 70 86.4% 13 18.6% 
Black-headed Gull 0-50 m 15 88.2% 2 13.3% 
Common Tern 0-15 m 408 81.9% 15 3.7% 
 16-50 m 35 7.0% 11 31.4% 
 51-65 m 55 11.0% 6 10.9% 
  0-50 m 443 89.0% 26 5.9% 
Little Tern 0-15 m 1010 54.3% 0 0.0% 
 16-50 m 828 44.5% 4 0.5 % 
 51-65 m 22 1.2% 1 4.5% 
  0-50 m 1838 98.8% 4 0.2% 


 
 
At the western end of the IJsselmeer dam, one 72 m high turbine with a rotor diameter 
of 44 m has been built in Den Oever, The Netherlands, exactly in the flight path of the 
morning and evening flights of Black Terns (according to a 1997 study, up to 15,000 
birds) and Common Terns (1997: up to 6500 birds) in the post-breeding period. The 
results from the visual and radar observations showed that the terns deviated to both 
sides and kept a distance of 50-100 m from the turbine. Therefore, the direct vicinity of 
the turbine was used less than adjacent areas (DIRKSEN et al. 1998a). 
 
The Lely wind farm, The Netherlands, consists of a row of four turbines (total height 60 
m, rotor diameter 41 m) at intervals of 200 m. Because it is located 800 m offshore in 
the IJsselmeer, it is often referred to as a “semi-offshore wind farm”. The row of turbines 
intersects the flight paths of Pochards and Tufted Ducks during their flights between 
diurnal roosts and nocturnal feeding grounds. According to radar observations (DIRKSEN 
et al. 1998c), the behaviour of ducks during nocturnal flights differed between moonlit 
and dark nights. On moonlit nights, a higher proportion of ducks flew close to the wind 
farm. Moreover, flights between the turbines occurred; turning back did not. 
Nevertheless, the overall rate of flocks crossing was low, whereas detours were the 
common reaction to the wind farm. The authors assume that ducks can see the turbines 
(or perceive them in some way) on moonlit nights, but avoid approaches on dark nights 
by flying parallel to the wind farm. They further conclude that long-staying birds (in 
contrast to migrants stopping over) are habituated to the presence of turbines, even if 
they constitute a barrier to their regular movements. As during a second study with the 
same results 2500 Greater Scaups were present temporarily (DIRKSEN et al. 2000, VAN 
DER WINDEN et al. 2000), the conclusions seem to apply for this species as well. 
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5.1.2  Collision Risk to Flying Seabirds 
While elaborate methods have been developed at onshore wind farms to extrapolate 
from casualties found near the turbines to the total number of birds collided (WINKELMAN 
1992a, GRÜNKORN et al. 2005), it is impossible even to try to search for collision victims 
at sea. Real collision rates can therefore be obtained only by direct observation. With 
the exception of one pilot study, in which nocturnal bird flights are automatically 
recorded at a turbine at the Nysted wind farm (DESHOLM 2003), no such attempt has 
been made at offshore wind farms. Although evidence about collisions at offshore 
turbines is largely lacking, this question will be discussed with the help of observed 
behaviour of flying (mostly migrating) birds (see 5.1.1.) and by considering seabird 
species found as collision victims at coastal wind farms.  
The only collision ever witnessed at an offshore wind farm happened at Yttre 
Stengrund: At dawn on 29 September 2003, the rear end of a flock of 310 Eiders 
migrating at an altitude of 60 m was hit by a rotor blade. One Eider fell into the water, 
and three others were forced to alight on the water, of which at least two managed to 
resume flight. In addition to this collision, five near-accidents were observed at the 
Utgrunden and Yttre Stengrund wind farms (PETTERSSON 2005). Extrapolating from the 
only observation of collision with a flock and including information on horizontal and 
vertical distribution of waterbird migration through the Kalmar Sound, PETTERSSON 
(2005) estimated the number of migrating waterbirds killed by collisions annually as 1-4 
birds during the spring and ten birds during the autumn (i.e. 0.0002-0.0008% and 
0.0016%, respectively, of all birds passing through the Kalmar Sound). The collision 
rate in spring may be twice as high because the fate of one of the four Eiders included 
in the accident was not clear. 
 


5.1.2.1 Seabird Collisions at Coastal Wind Farms 
Some of the 35 seabird species regularly living in German marine areas (e.g. all 
tubenoses and auks) occur only rarely close to the coast. Hence, even studies at 
coastal wind farms cannot sufficiently establish the collision risk for seabirds at sea. 
However, some species do live in coastal areas, and for others, a comparison with 
closely related species may be of interest. Altogether, 13 seabird species were found to 
include collision victims at coastal wind turbines up to 4 km inland (Table 8). This does 
not exclude the possibility that further species are at risk of collision, but evidence is 
lacking so far. It is obvious that especially gulls are vulnerable to collisions. 
Based on figures from the Netherlands, Belgium, Spain, Sweden, Austria, Britain, 
Denmark and Germany, HÖTKER et al. (2004) summarise the number of fatal seabird 
collisions as follows: Red-throated Diver (1), Cormorant (2), Black-headed Gull (87), 
Kittiwake (1), Common Gull (14), Herring Gull (189), Great Black-backed Gull (7), 
Common Tern (8), Guillemot (1). Since e.g. Fulmar and Eider are not included here, this 
compilation appears to be incomplete (cf. Table 8). 
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Table 8: Number of seabirds and related species found as collision victims at coastal wind farms. Species 
regularly occurring offshore in the German parts of North Sea and Baltic Sea are printed bold. 
Species belonging to the same systematic families are included for comparison. For Zeebrugge 
no numbers are reported. References: 1 BÖTTGER et al. 1990, 2 SCHERNER 1999, 3 WINKELMAN 
1989, 4 MUSTERS et al. 1996, 5 WINKELMAN 1992a, 6 EVERAERT et al. 2002, 7 STILL et al. 1996, 
8 PAINTER et al. 1999, 9 MEEK et al. 1993, 10 GRÜNKORN et al. 2005. 
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Reference 1 1 2 1 1 1 10 10 10 10 1 3 4 5 6 7,8 9 
Country D D D D D D D D D D D NL NL NL B GB GB
No. of turbines 1 3 2 25 32 1 13 15 17 13 1 25 5 18 23 9 3 
Hub height (m) 27 60 32 20-22 15-23 24 ? ? ? ? 50 30 30 35 22-55 25 ? 
Rotor diameter (m) 17 56 35 15-16 10-25 21 ? ? ? ? 60 25 25 30 14-48 25 ? 
Distance to coast (km) 3 ? 85 0,4 1 <1 2 1 1 2 <0.5 0.06 dike 3 dike pier ? 
Red-throated Diver   1               
Fulmar                1  
Cormorant   2             1  
Brent Goose             1     
Shelduck   1               
Gadwall             1     
Teal   1               
Mallard   2  2 2 2     2 2 2    
Shoveler            1      
Tufted Duck 1           1      
Greater Scaup            1      
Eider                12  
Common Gull   2 1 1  1   1  1   x   
Herring Gull 1 1 1   1   2  3 1 1 1 x 24  
Lesser Black-b. Gull               x 1  
Great Black-b. Gull               x 29  
Black-headed Gull 1  2  1 1 1 1  2  4 1 2 x 4 3 
Kittiwake               x 1  
Black Tern          1        
Common Tern               x   
Little Tern               x   
Guillemot   1               


 


 
Most of the studies at coastal wind farms listed in Table 8 give no information about the 
situation, in which collisions may have occurred. From gulls at Oosterbierum, it is known 
that both migration and flights to night roosts take place through the wind farm, including 
flights at rotor height (WINKELMAN 1992c). At Zeebrugge, it can be assumed that at least 
some of the seabirds that collided belonged to the local breeding populations and were 
hit during foraging flights. Eiders at Blyth Harbour collided when moving between the 
harbour and the adjacent sea across the pier through the row of turbines. No casualties 
were found after Eiders changed their mode of movement from flying to swimming. 
Other collisions victims like Cormorants and most of the gulls probably were also birds 
which roost regularly in the harbour. 
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At the Zeebrugge wind farm, the annual rate of fatal collisions in a ten-year study was 
calculated to range between 11 and 29 birds per turbine (EVERAERT et al. 2002). 
According to results from 2001, these rates mainly refer to seabirds, for in that year the 
total of 55 birds actually found included 44 gulls (mainly Herring Gulls, Lesser Black-
backed Gulls, Great Black-backed Gulls and Kittiwakes) and five terns (three Common 
Terns and two Little Terns). The annual collision rate was higher along the turbine row 
perpendicular to the main flight direction of birds (22-58 collision victims per year and 
turbine), with a maximum of 120 collision victims per year at one turbine (EVERAERT et 
al. 2002). In September 2001, the rate of collisions per birds passing the turbines was 
investigated. For seabirds, the risk varied depending on flight altitude and time of day, 
and was highest for flights of Common Terns at rotor height (1:600, Table 9). At an 
inland wind farm (Boudewijn Canal), the overall collision risk for Herring Gulls was 
estimated to be 1:2200, but 1:750 if only flights at rotor height were considered 
(EVERAERT et al. 2002). 
 
Table 9: Calculated collision risk per bird crossing the Zeebrugge wind farm at different times of day and 


flight altitudes in September 2001, based on the estimated number of collision victims and the 
observed number of passing birds (from EVERAERT et al. 2002). 


 Day and night Day and night Night Night 
Flight altitude All altitudes Rotor height All altitudes Rotor height 


Gulls 1:3700 1:2100 1:1900 1:1000 
Common Tern 1:3000 1:600 ? ? 
Little Tern 1:27,000 1:12,000 ? ? 


 
 
At a comparable wind farm on the pier of Blyth Harbour, the annual collision rate during 
a six-year study was six birds per year and turbine (corrected for recovery probability), 
of which 97% were seabirds (PAINTER et al. 1999). The annual additional mortality due 
to fatal collisions was 0.8% of the local wintering population of Eiders (up to 3200 birds) 
in the winter of 1992/93, 1.3% in 1993/94, 0.2% in 1994/95, 0.1% in 1995/96, 0% in 
1996/97 and 0.1% in 1997/98 (STILL et al. 1996, PAINTER et al. 1999). 
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5.1.2.2 Flight Behaviour of Seabirds at Offshore Wind Farms 


Tunø Knob, Denmark 
A nocturnal radar study of staging Eiders and Common Scoters (December to April) 
showed both species with increased flight activity in the staging area on moonlit nights 
over dark nights. TULP et al. (1999) conclude that collision risk is reduced by relatively 
low flight activity on dark nights. 
 
Utgrunden, Sweden 
Visual and radar observations of migrating seabirds showed that in general the wind 
farm is detoured at daytime, at night and even during fog (PETTERSSON 2005). Only 
0.3% of all diurnally migrating Eider flocks passed less than 200 m away from or less 
than 50 m above a turbine. In spring, only five of 20 flocks observed in the wind farm 
area passed at rotor height; all the other flocks were flying higher than 100 m or even 
above 200 m. Thus, the collision risk seems small for migrating Eiders; no collisions 
were recorded by visual observation. Radar observation showed flights through or 
above the wind farm occasionally occurring at night and during fog (PETTERSSON 2002), 
which could indicate a higher collision risk. If staging birds also avoid turbines, their 
collision risk would be equally low. 
During spring migration, Eider flocks which did not start detours well in front of the wind 
farm but headed towards it, were tracked by optical rangefinder from 1 km in front of to 
1 km behind the turbines (PETTERSSON 2005). These Eiders either flew around the 
turbines or passed between them. The distance kept from turbines was usually more 
than 200 m, and only four of 331 flocks tracked approached to about 100 m. Flights 
between turbines usually occurred when turbines were not operating. Comparing 1 km 
in front of and 1 km behind the wind farm, average flight altitude increased from 10-20 
m to 30-40 m at 300 m in front of the turbines, to 30-50 m between the turbines, with 
some flocks flying at 150 m (PETTERSSON 2003, 2005). This behaviour near the turbines 
was modified by wind direction. This indicates that despite horizontal manoeuvres near 
the turbines, increased flight altitude brings more birds to the dangerous rotor height of 
approx. 30-100 m. 
 
Yttre Stengrund, Sweden 
Detours around the wind farm were common among migrating Eiders and other 
seabirds, both in spring and autumn, and daytime and nighttime, and also during fog 
(PETTERSSON 2002, 2003, 2005). Flight altitudes of autumn migrating Eiders measured 
by optical rangefinder were mostly below 20 m, but increased when approaching the 
wind farm. This was more pronounced when flying close to the wind farm, and those 
Eiders flying over the turbines did so well above rotor height (Fig. 8). Similar behaviour 
was exhibited by other seabirds (flight paths of Cormorants shown by PETTERSSON 
2005). Migrating Common/Arctic Terns maintained their flight altitude of approximately 
10 m, even when very close to the turbines, and flew along or between them. Therefore, 
terns were at much less danger from collision than Eiders, which increased their risk 
due to climbs to rotor height. However, as most seabirds fly around or over the wind 
farm (only 0.3% of all Eider flocks passed as close as 100 m from turbines), the collision 
risk seems to be low, at least during daytime (measurements of flight altitude are not 
available for nighttime), but the only collision ever witnessed at an offshore wind farm 
happened at Yttre Stengrund in daylight. If local movements of staging birds are similar 
in terms of distances from the turbines, collision risk would be low for them as well. 
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Fig. 8:  Flight altitudes (top; mean and standard deviation) and number of flocks (bottom) recorded at 


various distances from Yttre Stengrund wind farm during autumn migration of Eiders 
(September 2002). Total turbine height is 96 m; from PETTERSSON & STALIN 2002. 


 
Nysted, Denmark 
Radar observations showed a high proportion of detours in the seabirds heading 
towards the wind farm during migration (KAHLERT et al.2004a, 2004b, DESHOLM & 
KAHLERT 2005): in the autumn of 2003, only 13.8% (nighttime) and 4.5% (daytime) of all 
migrating flocks of Eiders and geese entered the wind farm, which substantially lowered 
the risk of collision. However, according to DESHOLM & KAHLERT (2005), a relatively 
large proportion of the entering flocks (6.5% at night, 12.3% in daytime) flew closer than 
50 m to turbines (compared to the very low proportion in Kalmar Sound, with a minimum 
distance of 100 m there). Because the flight altitude in the wind farm area is not known, 
the risk cannot be quantified. Compared to the wind farms in Kalmar Sound (much 
lower proportions approaching the wind farms and a minimum distance of 100 m), the 
risk at Nysted appears to be high. 
 
Horns Rev, Denmark 
Radar and visual observations revealed that detours were flown by seabirds migrating 
or moving locally (CHRISTENSEN et al. 2004, CHRISTENSEN & HOUNISEN 2004, 2005). 
Birds entering the wind farm changed their flight direction and adjusted their flight path 
parallel to the rows of turbines. This behaviour was more pronounced in daytime than at 
night, when flight paths were more likely to cross several rows of turbines, probably 
leading to higher collision risk. The same can be assumed during low visibility (e.g. fog), 
when detection of the turbines is probably reduced. Although some of the flight paths of 
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Common Scoters, gulls and terns shown in the figures by CHRISTENSEN & HOUNISEN 
(2005) pass quite close to turbines, it seemed that close proximity to the turbines was 
largely avoided, leading to lower general collision risk than with unaltered flights straight 
through the wind farm. Because the radar was oriented only horizontally, the birds 
tracked may also have crossed the wind farm above rotor height. The few published 
measurements of flight altitude at Horns Rev showed that all Cormorants and 61% of 
gulls, but only 9% of terns flew at rotor height (the remaining terns flew below rotor 
height, but the remaining gulls flew both lower and higher than rotor height).Hence, 
terns have lower collision risk than other birds which commonly fly between the 
turbines, such as gulls. 
 


5.1.3  Habitat Loss for Seabirds  


5.1.3.1 Disturbance and Avoidance 
Studies on possible habitat loss for seabirds caused by disturbance from offshore 
turbines and avoidance reactions were conducted at four wind farms in the Baltic Sea 
(Tunø Knob, Utgrunden, Yttre Stengrund, Nysted) and one in the North Sea (Horns 
Rev). They cover only part of the 35 seabird species regularly living in marine areas of 
Germany (Table 2). Notably little information is available for species usually living far 
offshore in the North Sea (such as Fulmar, Sooty Shearwater, skuas etc.). 
 
Tunø Knob, Denmark 
Possible habitat loss was investigated via three approaches: comparison of bird 
densities in the wind farm area with a reference area 14 km distant; distribution of birds 
within the wind farm area; and two experiments (unless otherwise stated, all information 
is from GUILLEMETTE et al. 1998). Basically, the study was designed as a BACI-study 
(before-after-control-impact, GREEN 1979), i.e. data were collected before and after 
construction in the impact area and in an unaffected reference area. Since no other 
species was sufficiently abundant, the study focused on Eiders (90% of staging birds) 
and in part on Common Scoters (8%). Bird data were collected only in winter 
(November to April). The data from the baseline study were even more limited, only 
covering the period from mid February to mid April. 
Pre-construction aerial surveys in the whole Århus Bay revealed significant correlations 
between total number of Eiders and the subsamples at Tunø Knob (the 5000 ha wind 
farm area) and Ringebjerg Sand (the 4700 ha reference area). These correlations were 
maintained during operation, but in Tunø Knob, the regression curve flattened, i.e. the 
proportion of Eiders there decreased. This was confirmed by a 32% decrease in their 
total number, although the difference to numbers before construction was not 
significant. The relation between Eider numbers there and at Ringebjerg Sand remained 
unchanged. Counts from the ground verified the decline at Tunø Knob, while numbers 
in the reference area did not fall below the pre-construction level. The changes in Eider 
numbers were concomitant with a strongly fluctuating November supply of the size 
classes of blue mussels (Mytilus edulis) which are profitable prey for Eiders. These 
classes were lacking during the first two years of operation at Tunø Knob, which was 
probably the reason for the low numbers of Eiders. This was supported by the results 
from an additional study period in the third year of operation, when profitable size 
classes of mussels as well as large numbers of Eiders were present (GUILLEMETTE et al. 
1999). Thus, the authors regard the fluctuating Eider numbers as a reaction to the 
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available food supply and classify it as natural variation. They conclude that spatial 
distribution was not affected by the wind turbines (GUILLEMETTE et al. 1998, 1999). The 
connection between food supply – the biomass of the bivalves Cardium spp. and 
Spisula subtruncata – and spatial distribution of Eiders was studied in greater detail the 
second year after the turbines were taken into operation, in four 200 x 200 m plots at 
distances of 0, 300, 320 and 600 m from the turbines. A strong correlation between 
bivalve biomass and Eider numbers was found. As these factors explained 93-98% of 
the variation, the impact of the turbines seemed negligible. 
Within the four parts of the Tunø Knob area studied, Eider numbers showed a similar 
variation compared to the total wind farm area. During the baseline period, the four plots 
showed a stronger correlation with each other than during the first two years of 
operation. The authors conclude that this too is due to natural variation (GUILLEMETTE et 
al. 1998). On a smaller scale (1 ha plots), much variation occurred among seasons and 
years. Even a short time after the construction, Eiders were seen between the turbines. 
In the third year of operation, many Eiders were present in the wind farm, at less 
distance to the turbines than in the two preceding years, with a distribution much like 
that of the baseline year (GUILLEMETTE et al. 1999).  
To investigate the effect of operation (motion, noise) on spatial distribution, Eiders were 
counted on successive days with moving and non-moving rotors, respectively. In the 
two observed zones, 200 m and 200-600 m around the wind farm, no significant 
difference was noted between operational and non-operational days. Not even the 
spatial distribution within the zones changed. When the rotors were turned on again, 
none of the ten Eider flocks observed (1-10 birds) took off, and their swimming 
movements varied: During the first 5 minutes, some approached to as close as 60 m, 
while others withdrew up to 35 m. 
Decoy Eiders put out at different distances to the turbines were used to induce flying 
Eiders to land on the water. The attractive effect of the decoys increased with the 
distance to the turbines, i.e. fewer Eiders landed at 100 m distance than at 300 m and 
500 m distance. This can be explained only in part by fewer Eiders flying close to the 
turbines. 
Compared to the baseline year, Common Scoters sharply decreased at Tunø Knob in 
the first year of operation, nearly disappeared the second year, but were abundant the 
third year (GUILLEMETTE et al. 1999). In the Ringebjerg Sand reference area they initially 
stayed constant, but completely disappeared the second year. This shows that 
fluctuating numbers also occur in species other than Eider, but the role of wind farms 
remains unclear in this case. Cormorant droppings found on turbine foundations during 
a study of Eiders indicate that cormorants may rest on the foundations (TULP et al. 
1999). 
 
Utgrunden, Sweden 
In Kalmar Sound, staging and wintering birds were counted during construction and 
operation of the wind farm in two adjacent plots: one containing seven turbines (UT1, 60 
km², calculated from Fig. 3 in PETTERSSON 2001) and the other serving as a non-
manipulated reference area (UT2, 41 km²). Counts were conducted from the lighthouse 
in the middle of the Sound, but sometimes also from ships or aircraft. Before 
construction, birds were counted only twice (spring 1998, spring 1999; PETTERSSON 
2001), but results of both plots were lumped together and are given only for four 
species. Considerably more counts are available for the operational period and details 
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are given for nine species. Due to the lack of additional information needed for the 
interpretation of the spatial distribution (e.g. food supply, disturbance) and because 
natural fluctuation seems to occur in this part of the Kalmar Sound (PETTERSSON 2005), 
these data are hardly useful for the assessment of wind farm impacts. Furthermore, it 
must be considered that the wind farm consists only of a single row of turbines, 
probably limiting comparability to wind farms with several rows. 
Staging and wintering birds were also counted from the lighthouse in parts of UT1 
(UT10, in wind farm area) and UT2 (UT20, in reference area) in the spring seasons of 
1999 (pre-construction) and 2001 (operation; PETTERSSON 2002). From 1999 to 2001, 
stocks of most species increased, but Long-tailed Ducks decreased to only about half of 
their former numbers (both in UT10 and UT20, Table 10). Bird numbers for UT10 and 
UT20 partially contradict the results reported from the same day for UT1 and UT2. For 
example, divers are completely absent in UT1, despite being mentioned as occurring in 
relatively high numbers in UT10, which is located within UT1. Such contradictions can 
also be found for counts in other seasons (again, especially for divers), for which no 
comparative data are available for the pre-construction period (PETTERSSON 2002). 
However, possible natural fluctuation prevents detection of wind farm impacts on bird 
numbers in this short-term study. 
 


 
Table 10: Minimum and maximum numbers of seabirds counted in parts of the study plots UT1 and UT2 


near the Utgrunden wind farm in the Kalmar Sound (from PETTERSSON 2002).  


Study plot UT10 (wind farm) UT10 (wind farm) UT20 (reference 
area) 


UT20 (reference 
area) 


Period 30 March – 2 
April 1999 (pre-


construction) 


26 March – 4 April 
2001 (operation) 


30 March – 2 April 
1999 (pre-


construction) 


26 March – 4 April 
2001 (operation) 


Number of counts 2 4 2 4 
Divers 0-2 3-15 2-12 2-22 
Cormorant 0-6 12-35 0 3-22 
Eider 220-350 55-650 350-400 200-700 
Long-tailed Duck 770-900 350-500 650-700 100-450 
Common Scoter 15-70 0-12 0-45 0-10 
Red-breasted Merganser 0-5 0-25 0 0-20 


 
 
From the lighthouse, the observer mapped the exact locations of roosting and foraging 
Eiders and Long-tailed Ducks within UT10 and UT20. In the spring of 1999, positions 
were estimated according to the location of buoys, but in 2001, 2002 and 2003 a 
compass and rangefinder were used. Although the numbers partially changed, Long-
tailed Ducks were seen in exactly the same places. Even foraging areas in close 
proximity to the turbines were retained, with Long-tailed Ducks diving less than 100 m 
from turbines and flying back and forth between them (PETTERSSON 2002, 2003, 2005). 
As in the pre-construction period, Eiders remained in the area north of the wind farm, 
but were seen at distances below 1 km from the northernmost turbine (PETTERSSON 
2005). The same applies to Common Scoters, whereas flocks of Red-breasted 
Mergansers were also present south of the northernmost turbines and less than 1 km 
away from them (PETTERSSON 2005). Foraging Cormorants were also observed near 
turbines (PETTERSSON 2002). 
 
At least in part, seabird distribution around the Utgrunden wind farm can be explained 
by food supply and disturbance caused by service boats (PETTERSSON 2005). Basic 
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investigations of blue mussels revealed high densities just north of the turbines and 
lower densities in the centre of the wind farm. Accordingly, their predators (staging 
Eiders and Long-tailed Ducks) concentrated in the area of high prey density north of the 
turbines. Observations of bird behaviour and the diurnal rhythm of abundance in the 
study plots showed that Long-tailed Ducks and Red-breasted Mergansers (and perhaps 
also Common Scoters, but not Eiders) were displaced by service boats operating in the 
wind farm. Individuals of the two species mentioned first returned to their foraging sites 
only 21-30 minutes after the service boat had left the area. 
 
Yttre Stengrund, Sweden 
Aerial, ship-based and land-based surveys in the wind farm area were conducted ten 
times before construction and eighteen times during operation. A reference area was 
counted ten and twenty times, respectively (PETTERSSON 2005). As in the parallel study 
at Utgrunden, the significance of the data for ten species is limited. Again, the lack of 
information on biotic and abiotic factors other than wind turbines prevents the detection 
of wind farm effects on seabird numbers. Also, the presence of only one turbine row 
restricts extrapolation of the results to larger wind farms. 
 
Nysted, Denmark 
Aerial surveys along transects were used to describe the spatial distribution of staging 
and wintering birds in a 1350 km² large area of the Baltic Sea south of the islands 
Lolland and Falster. Twenty surveys took place before the construction of the wind farm 
(August 1999 to March 2002), four during construction (August 2002, January, March 
and April 2003; Kahlert et al. 2004b) and five during operation (December 2003, 
January, 2x March, April 2004; PETERSEN 2004). 
Based on the bird densities in the total study area, avoidance or preference was 
investigated by using the selectivity index of JACOBS (1974) for three areas: the wind 
farm (WF, approx. 23 km²), the wind farm plus a 2 km zone around it (WF+2-zone) and 
the wind farm plus a 4 km zone around it (WF+4-zone). To date, selectivity indices for 
pre-construction, construction and operational periods for March and April have been 
compared, both for numbers of individuals and numbers of flocks. Most seabird species 
only occur in shallow waters near the coast, and only three species proved to be 
abundant in the wind farm area and its surroundings. The three periods are compared 
only for those species. 
Before construction, Eiders avoided the wind farm area, but in the WF+2 and WF+4 
zones, their density resembled that of the total area (Table 11). During construction, the 
wind farm was abandoned completely, and index values became negative in the zones 
around it. Compared to the total study area, the wind farm was still mostly avoided 
during operation (in total 16 birds in three surveys), and in the surrounding the index 
values further declined (Tables 11 and 12). Derived from data given by KAHLERT et al. 
(2004b) and PETERSEN (2004), during operation the relative number of Eiders increased 
by 48% compared to the situation before construction in the wind farm, but decreased 
by 88% in the WF+2 zone and 44% in the WF+4 zone (Table 13). 
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Table 11: Selectivity index D (after JACOBS 1974) of seabirds in the Nysted wind farm and the 2 km and 4 
km buffer zones, during the baseline period (4 April and 26 April 2000, 16 March and 20 April 
2001, 26 March 2002), during construction (4 March and 24 April 2004) and during operation (5 
March, 24 March and 15 April 2004). Positive values (maximum +1) indicate preference and 
negative ones (minimum –1) avoidance of the tested area compared to the whole study area (0: 
bird density in tested area is equal to whole study area). Taken from KAHLERT et al. 2004b and 
PETERSEN 2004 (levels of significance are not given). 


  Bird numbers Flock numbers 
  WF WF+2 WF+4  WF WF+2 WF+4  
  D D D n D D D n 
Eider baseline -0.81 -0.13 0.04 21020 -0.14 0.13 0.24 1154 
 construction -1.00 -0.58 -0.16 2573 -1.00 -0.24 -0.07 282 
 operation -0.73 -0.77 -0.42 5116 -0.16 -0.25 -0.01 552 
Long-tailed Duck baseline 0.46 0.46 0.40 5966 0.64 0.68 0.65 939 
 construction -0.91 -0.13 -0.10 1794 -0.64 0.13 0.24 399 
 operation -0.20 -0.12 -0.09 4474 0.29 0.35 0.29 782 
Herring Gull baseline -0.64 -0.65 -0.38 4779 -0.29 -0.28 -0.15 1416 
 construction -0.52 -0.66 -0.05 824 -0.21 -0.40 -0.26 403 
 operation -0.71 -0.78 -0.75 9428 -0.14 -0.24 -0.33 1655 


 
 


 
Table 12: Changes in selectivity index D (bird numbers) for seabirds at the Nysted wind farm, and in the  


2 km and 4 km buffer zones, from the baseline period to the construction and operational 
periods, (calculated from KAHLERT et al. 2004b and PETERSEN 2004; levels of significance are 
not given). 


 construction operation 
 WF WF+2 WF+4 WF WF+2 WF+4 
Eider -0.19 -0.45 -0.20 +0.08 -0.64 -0.46 
Long-tailed Duck -1.37 -0.59 -0.50 -0.66 -0.58 -0.49 
Herring Gull +0.12 -0.01 +0.33 -0.07 -0.13 -0.37 


 
 
 


 
Table 13: Proportion of seabirds present in the Nysted wind farm (WF) and the 2 km and 4 km buffer 


zones, during the operational period compared to the baseline period (calculated from KAHLERT 
et al. 2004b and PETERSEN 2004). 


 WF 0-2 km distance 2-4 km distance 
Eider +48.0% -87.8% -45.2% 
Long-tailed Duck -74.4% -65.0% -41.6% 
Herring Gull -22.1% -47.9% -75.2% 


 
 
For Long-tailed Ducks, the wind farm and its surrounding area were among the clearly 
preferred areas south of Lolland and Falster islands. During construction, the wind farm 
was almost completely avoided, and the surrounding zones were distinctly less 
attractive (Table 11). Considering numbers of birds, selectivity indices were still low 
during operation, but increased slightly compared with the construction period. 
However, the whole area seemed to be avoided. Considering flocks, the wind farm and 
surrounding zones belonged to the preferred areas within the whole study area, but 
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these also showed lower selectivity indices than in the baseline years. From pre-
construction to operation, bird numbers decreased by 74% in the wind farm, by 65% in 
the 0-2 km zone and by 42% in the 2-4 km zone (Table 13). When plotting the numbers 
of Long-tailed Ducks within 4 km against their distance from the wind farm, the curve is 
flattest in the year of construction (2003); in the operational period (2004), it resembles 
those of the three pre-construction years. Hence, avoidance of the wind farm was 
greatest during construction and was within the natural range during operation. The 
three spring surveys during the operational period recorded a total of 60 Long-tailed 
Ducks in the wind farm. 
During all periods, Herring Gulls visited the wind farm and its surrounding area in 
lesser densities than in the total study area. Based on bird numbers, this avoidance was 
strongest during operation and weakest in the baseline period. However, the differences 
were small compared to the two duck species. A similar result was obtained for the 
number of flocks, but the avoidance of the wind farm was more pronounced before 
construction than afterwards. (Table 11). Compared to the pre-construction period, 
Herring Gulls decreased by 22% (WF), 48% (0-2 km zone) and 75% (2-4 km zone) 
during operation (Table 13). A total of 32 Herring Gulls was counted within the wind 
farm during the three spring surveys. It is worth noting that the distribution of Herring 
Gulls in the study area is strongly influenced by the distribution of active fishing vessels 
(KAHLERT et al. 2004b). 
Anecdotal information is available for other seabirds, which are less abundant in the 
wind farm area (KAHLERT et al. 2004a, 2004b, PETERSEN 2004). All divers observed 
during construction were at least 1400 m away from the turbines. During operation, one 
diver was seen inside and another 200 m outside the wind farm. The study area was 
visited by only a few Common Scoters (maximum number: 133 birds). During the 
surveys, a flock of 12 birds was seen within the wind farm (construction). A total of 14 
Red-breasted Mergansers was observed within or close to the wind farm during 
operation. During radar observation of bird movements, three large flocks of foraging 
Cormorants (1500, 2150 and 3700 birds) were detected within the wind farm or less 
than 1 km away. Workers reported that Cormorants were diving in the wind farm area 
and resting on the foundations. 
 
Horns Rev, Denmark 
With the same methods and by the same researchers as in the Nysted wind farm, the 
spatial distribution of seabirds in the Horns Rev area was monitored by aerial surveys. 
The study area of 1846 km² extends to the Danish coastline from Blåvandshuk to Fanø. 
Sixteen surveys were conducted during the baseline period (April 1999 to August 2001), 
five during construction (September 2001 to August 2002; CHRISTENSEN et al. 2003), 
and ten (to date) during operation (February to December 2003, PETERSEN et al. 2004; 
February to September 2004, PETERSEN 2005). As two surveys (7 January and 12 
March 2002) took place during the construction period, but at times with no turbines 
built and no construction in progress (see CHRISTENSEN et al. 2003), it seems that they 
were later on treated as baseline data, while the first two surveys (20 April and 4 May 
1999) were no longer considered in the most recent reports (PETERSEN et al. 2004, 
PETERSEN 2005). 
In relation to the bird density in the total study area, avoidance and preference of three 
areas was identified by means of the selectivity index of JACOBS (1974): the wind farm 
itself (approx. 20 km²), the wind farm plus 2 km around it (WF+2-zone) and the wind 
farm plus 4 km around it (WF+4-zone). The indices were compared for all months, 
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grouped into pre-construction, construction and operational periods for both the number 
of individuals and the number of flocks (CHRISTENSEN et al. 2003, PETERSEN et al. 2004). 
Most recently, the same approach was used for the spring season (February to May) 
only, but including two years of operation (PETERSEN 2005). Therefore, post-
construction results are presented two-fold, for the whole year and for spring only. No 
survey results have been reported from the period when the rotors were taken down 
temporarily due to technical problems (summer and autumn 2004). The procedure 
outlined above was applied only to species regularly occurring in the offshore parts of 
the study area, but not for species restricted to coastal areas. Bird numbers in the wind 
farm and the zones around it were tested for significant differences between the two 
baseline years (1999 and 2000) and the construction period. Such a test was not 
applied during the operational period. 
In the baseline period, divers were present in the wind farm area in approximately the 
same density as in the total study area, and in the WF+2- and WF+4-zones densities 
were only slightly lower. In contrast to this, these areas were strongly avoided in the 
construction period and nearly completely abandoned during operation (with no birds 
within the wind farm area itself; Table 14 and 15). The decline in the wind farm during 
construction is not significant, because only a single diver was observed, which was in 
fact 2.5 km away from the only active ship (at that time no turbine had been built). 
However, when including the surrounding zones, the decline is significant. During heavy 
construction work in April 2002, no diver came closer than 2 km to the wind farm area. 
Compared to the baseline period, divers decreased by 100% (wind farm), 97% (0-2 km 
distance from WF) and 77% (2-4 km distance from WF) during the operational period 
(Table 17). Visual observations of flying birds once revealed a diver foraging at the edge 
of the operating wind farm, and several others at distances of 100-800 m from the next 
turbine (CHRISTENSEN et al. 2004). 
Gannets were never recorded in the wind farm area (even during the baseline period), 
but when the surrounding zones are included, the selectivity indices declined from the 
baseline to the operational period (Table 14). Furthermore, many fewer Gannets were 
observed there during operation than expected from the baseline surveys (Table 17). 
Aerial surveys revealed no Cormorants in the wind farm. Changes in the selectivity 
indices (Tables 14 and 16) can be explained by a single observation of a Cormorant 
during the baseline period in the WF+4-zone, while the only Cormorant seen during the 
operational period was in the WF+2-zone. During visual observations from the 
transformer station, a Cormorant was once seen resting on the fence of a foundation of 
a turbine with rotating blades (CHRISTENSEN et al. 2004). During the spring of 2004, a 
number of observations referred to 2-3 Shags resting on the meteorological mast east 
of the wind farm, and at least one bird foraged between the turbines (CHRISTENSEN & 
HOUNISEN 2004). 
Eiders were among the three most abundant species in the study area, but were 
concentrated close to the coast and usually did not occur in the wind farm and 
surrounding areas (Table 14). Inside the wind farm, only one Eider was seen during the 
baseline surveys; none were recorded during operation. 
With up to 381,000 individuals (March 2003), Common Scoters were by far the most 
abundant seabirds in the total study area, but numbers and distribution varied greatly 
among the years studied. Compared to the total study area, the wind farm area and 
WF+2-zone appeared to be avoided during the pre-construction period, but the large 
numbers of Common Scoters in the WF+4-zone resulted in a nearly balanced D-value 
(Table 14). During construction, the proportions of Common Scoters in the wind farm 
and WF+2-zone increased (Tables 14 and 16). However, the increase compared to the 
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first baseline year was significant as was the decrease compared to the second 
baseline year. During operation, the wind farm and the WF+2-zone were completely 
abandoned and the WF+4-zone was strongly avoided (Table 14). This avoidance was 
less pronounced when including data from the spring of 2004 (Table 15), as large 
numbers were present in the vicinity of the northwestern corner of the wind farm at that 
time. That Common Scoters usually do not forage or rest between the turbines may at 
least in part be due to reluctance to fly into the wind farm. In a sample of 96 flocks 
approaching the wind farm in the spring of 2004, 76 landed on the water (mostly more 
than 500 m from the nearest turbine); the remaining 20 flocks changed flight direction 
(CHRISTENSEN & HOUNISEN 2005). 
Arctic Skuas were not seen in any considerable numbers during the aerial surveys, but 
some of them were observed within the wind farm from the transformer station 
(CHRISTENSEN et al. 2003, Table 6). As they seemed to be attracted by gulls, these birds 
can be regarded as foraging birds and therefore fall into the category of species which 
do not generally avoid wind farms. 
On the basis of their presence in the entire study area, Herring Gulls avoided the wind 
farm area in the baseline period, but were more abundant there during operation and 
especially during construction (Tables 14, 15 and 16, significant increase for the 
construction period). The authors attribute this shift to the attractive effect of ship traffic. 
In addition, the foundations may have been used for resting. The latter was noted four 
times during systematic observations from the transformer station (once at an operating 
turbine, CHRISTENSEN et al. 2004). 
Changing preferences were even more pronounced in Great Black-backed Gulls, 
which initially strongly avoided the wind farm and its surroundings (baseline period), but 
obviously preferred this area during operation (Tables 14 and 16). The situation was not 
so clear during the construction period (strong avoidance of the wind farm, but 
increased selectivity indices in the surrounding zones plus the wind farm, Table 14). 
Systematic observations from the transformer station showed Great Black-backed Gulls 
eight times resting on turbines, three of which were operating (CHRISTENSEN et al. 
2004). 
In the total study area, numbers of Little Gulls showed great variability between years. 
They avoided the wind farm area before and especially during construction. By contrast, 
the area was clearly preferred during the operational period (Tables 14 and 16). 
Considering only spring data (2003 and 2004), the wind farm itself was still avoided 
(Table 15). During the survey in December 2003, the majority of the Little Gulls 
observed were foraging between the turbines. 
Many Kittiwakes were present in the study area in the baseline and construction 
periods, but the wind farm area and zones around it were avoided (more so during the 
construction period than during the baseline period, Table 14). This decrease was 
significant only in the WF+2 and WF+4 zones. In the first year of operation, the species 
occurred in much lower numbers in the study area as a whole. Eight birds were seen 
within the wind farm area and another three in the surrounding zones, but due to the low 
total number, the increased D-values (Table 14) have low significance. Including data 
from the second year of operation (2004), the wind farm is still an avoided area, 
whereas this effect seems to be less pronounced in the surrounding zones (Table 15). 
Without giving more details, CHRISTENSEN et al. (2004) mention that Kittiwakes were 
observed resting on fences of the turbine foundations. 
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Table 14: Selectivity index D (from JACOBS 1974) of seabirds in the Horns Rev wind farm and the 2 km 
and 4 km buffer zones, during the baseline (August 1999 to March 2002), construction 
(September 2001 to August 2002) and operational periods (February to December 2003). Data 
obtained from the entire year. Positive values (maximum +1) indicate preference and negative 
values (minimum –1) avoidance of the tested area compared to the entire study area (0: bird 
density in tested area equals that of entire study area). Values are printed bold if based on 
significantly different proportions (χ² tests). Note that the counts on 7 January and 12 March 
2002 are included in both the baseline and the construction period because of different 
classification in CHRISTENSEN et al. (2003) and PETERSEN et al. (2004). 


 
  Bird numbers Flock numbers 
  WF WF+2 WF+4  WF WF+2 WF+4  
  D D D n D D D n 
Divers baseline 0.00 -0.01 -0.13 1331 0.10 0.02 -0.10 926 
 construction -0.66 -0.78 -0.46 322     
 operation -1.00 -0.96 -0.87 1036 -1.00 -0.93 -0.76 548 
Gannet baseline -1.00 -0.45 -0.02 515 -1.00 -0.27 -0.15 241 
 construction         
 operation -1.00 -0.77 -0.68 149 -1.00 -0.68 -0.57 103 
Cormorant baseline -1.00 -1.00 -0.90 168 -1.00 -1.00 -0.65 45 
 construction         
 operation -1.00 -0.57 -0.77 73 -1.00 0.37 0.01 10 
Eider baseline -0.99 -1.00 -1.00 12,600 -0.81 -0.94 -0.94 593 
 construction -1.00 -1.00 -1.00 1349     
 operation -1.00 -0.98 -0.96 5018 -1.00 -0.91 -0.83 396 
Common Scoter baseline -0.60 -0.35 -0.07 128,786 -0.73 -0.61 -0.45 3977 
 construction -0.33 -0.21 -0.33 49,823     
 operation -1.00 -1.00 -0.87 574,988 -1.00 -0.98 -0.80 3792 
Herring Gull baseline -0.93 -0.86 -0.76 18,005 -0.75 -0.63 -0.48 3828 
 construction -0.47 0.12 0.25 4131     
 operation -0.65 -0.57 -0.53 11,064 0.04 -0.01 0.03 1753 
Great Black-backed Gull baseline -0.80 -0.56 -0.43 556 -0.74 -0.45 -0.37 417 
 construction -1.00 -0.29 0.03 108     
 operation 0.62 0.44 0.45 95 0.50 0.33 0.41 87 
Little Gull baseline -0.34 -0.23 -0.12 127 -0.22 -0.09 0.03 97 
 construction -1.00 -0.66 -0.45 286     
 operation 0.46 0.40 0.37 822 0.31 0.37 0.44 410 
Kittiwake baseline -0.34 -0.30 -0.22 2520 -0.24 -0.13 0.03 1118 
 construction -0-56 -0.80 -0.64 700     
 operation 0.65 0.20 0.00 113 -0.04 -0.55 -0.27 68 
Arctic/Common Tern baseline -0.23 -0.41 -0.28 2400 -0.05 -0.20 -0.07 1042 
 construction         
 operation -1.00 0.33 0.21 378 -1.00 0.23 0.20 185 
Guillemot/Razorbill baseline -0.28 -0.32 -0.13 1104 -0.15 -0.17 -0.07 590 
 construction -1.00 -1.00 -1.00 207     
 operation -1.00 -0.55 -0.44 415 -1.00 -0.38 -0.32 224 
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Table 15: Selectivity index D (after JACOBS 1974) of seabirds in the Horns Rev wind farm (WF) and the 2 
km and 4 km buffer zones, during the baseline period (seven surveys 2000 to 2001) and during 
operation (six surveys 2003 and 2004). Only spring data (February to May) are considered 
(after PETERSEN 2005). Note that baseline values are different from Table 14, because they are 
based on a different selection of surveys. Positive values (maximum +1) indicate preference 
and negative ones (minimum –1) avoidance of the tested area compared to the whole study 
area (0: bird density in tested area is equal to whole study area). Values are printed bold if 
based on significantly different proportions (χ² tests). 


 
 bird numbers   flock numbers   
 WF WF+2 WF+4  WF WF+2 WF+4  
 D D D n D D D n 


Divers baseline -0.01 0.02 -0.16 1106 0.10 0.04 -0.13 734 
operation -1.00 -0.95 -0.81 1611 -1.00 -0.91 -0.69 924 


Gannet baseline -1.00 -1.00 -0.77 74 -1.00 -1.00 -0.59 38 
operation -1.00 -1.00 -0.87 450 -1.00 -1.00 -0.73 134 


Eider baseline -0.99 -1.00 -0.99 9168 -0.69 -0.89 -0.89 345 
operation -1.00 -0.96 -0.94 4730 -1.00 -0.67 -0.68 334 


Common Scoter baseline -0.38 -0.06 0.26 71,978 -0.45 -0.16 0.06 1327 
operation -0.93 -0.56 -0.58 578,233 -0.57 -0.03 -0.15 4885 


Herring Gull baseline -0.94 -0.88 -0.81 13,027 -0.66 -0.63 -0.41 1529 
operation -0.74 -0.61 -0.59 13,298 0.04 -0.04 0.00 1680 


Little Gull baseline -1.00 -1.00 -0.30 37 -1.00 -1.00 0.06 19 
operation -0.71 0.24 0.27 826 -0.48 0.25 0.35 394 


Kittiwake baseline -0.63 -0.27 -0.11 283 -0.38 -0.16 0.02 141 
operation -1.00 0.06 -0.25 366 -1.00 -0.25 -0.39 148 


Arctic/Common Tern baseline -0.21 -0.35 -0.31 586 -0.01 -0.17 -0.07 261 
operation -1.00 0.14 0.16 575 -1.00 -0.04 -0.07 295 


Guillemot/Razorbill baseline -0.07 -0.08 -0.33 219 -0.12 -0.14 -0.34 164 
operation -1.00 -0.65 -0.66 309 -1.00 -0.61 -0.62 182 


 
 
 
Table 16: Changes in selectivity index D (bird numbers) for seabirds in Horns Rev wind farm (WF) as well 


as including 2 km and 4 km buffer zones from the baseline period to the construction and 
operation period, respectively (calculated from CHRISTENSEN et al. 2003, PETERSEN et al. 2004 
and PETERSEN 2005). Values are printed bold if derived from pairs of D-values, which both are 
based on significantly different proportions (χ² tests). Discrepancies to Table 14 are owing to 
different classifications of two counts (7 January and 12 March 2003) by the two authors. 


 
 Construction (all year, 2001-


2002) 
Operation (all year, 2003 only) Operation (spring only, 2003-


2004) 
 WF WF+2 km WF+4 km WF WF+2 km WF+4 km WF WF+2 km WF+4 km


Divers -0.66 -0.79 -0.29 -1.00 -0.95 -0.74 -0.99 -0.97 -0.65 
Gannet    - -0.32 -0.66 0.00 0.00 -0.10 
Cormorant    - +0.43 +0.13  
Eider -0.01 0.00 0.00 -0.01 +0.02 +0.04 -0.01 +0.04 +0.05 
Common Scoter +0.17 -0.01 -0.40 -0.40 -0.65 -0.80 -0.55 -0.50 -0.32 
Herring Gull +0.47 +1.00 +0.99 +0.28 +0.29 +0.23 +0.20 +0.27 +0.22 
Great Black-backed 
Gull 


0.00 +0.26 +0.52 +1.42 +1.00 +0.88  


Little Gull 0.00 -0.22 -0.19 +0.80 +0.63 +0.49 +0.29 +1.24 +0.57 
Kittiwake -0.18 -0.55 -0.49 +0.99 +0.50 +0.22 -0.37 +0.33 -0.14 
Common/Arctic Tern    -0.77 +0.74 +0.49 -0.79 +0.49 +0.47 
Guillemot/Razorbill -0.77 -0.70 -0.96 -0.72 -0.23 -0.31 -0.93 -0.57 -0.33 
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The wind farm and its surrounding were avoided by Common and Arctic Terns before 
construction. During operation, the zones around the wind farm became preferred 
areas, whereas no tern had been seen within the wind farm during the aerial surveys 
(Tables 14, 15 and 17). However, as the terns observed in the operational period were 
aggregated into a few flocks, the significance of these data appears to be low. Without 
giving more details CHRISTENSEN et al. (2004) report that Common/Arctic Terns were 
seen resting on fences of the turbine foundations. 
 
Guillemots and Razorbills were already underrepresented in the wind farm and the 
surrounding area during the baseline surveys, but they completely avoided this area 
during construction (no auk occurred within 4 km of the wind farm, see Table 14; 
significant decrease). In the operational period auks kept away from the wind farm as 
well. In the WF+2 and WF+4 zones, the selectivity indices decreased compared to the 
baseline period, with auks occurring 14% and 49%, respectively, less than expected in 
the zones around the wind farm (Table 14, 15, 16 and 17). 
In summary, it was shown that during the baseline years the wind farm and its 
surrounding area did not belong to the preferred sites within the study area as a whole 
for most species. Only Common Scoters were present in the WF+2- and WF+4-zones in 
densities above average. Divers, Common/Arctic Terns and Guillemots/Razorbills 
occurred in more or less expected densities. During construction, most species (divers, 
Great Black-backed Gull, Little Gull, Kittiwake, Guillemot/Razorbill) avoided the wind 
farm area; to some extent, this also applies to the surrounding zones. Common Scoters 
and especially Herring Gulls increased during this period. From the fact that in most 
species (except Kittiwakes) decreases in the construction period were based on non-
significant D-values in the baseline period and that changes of the D-values were more 
pronounced in the surrounding zones than in the wind farm itself, CHRISTENSEN et al. 
(2003) conclude that an effect of the turbines and/or construction cannot be verified. 
Low sample sizes limited the possibility of direct comparison between bird numbers in 
the wind farm down to five species/groups. A significant decline was found only in auks, 
whereas Herring Gulls increased significantly; Common Scoters increased or decreased 
significantly, depending on which baseline year is chosen. Changes of diver and 
Kittiwake numbers were not significant. 
 
Tab. 17:  Proportion of seabirds present in the Horns Rev wind farm (WF) and in the 0-2 km and the 2-4 


km zones during the operational period, compared with the baseline period (calculated from 
PETERSEN et al. 2004). 


 
 WF 0-2 km zone 2-4 km zone 
Divers -100..0% -96.8% -77.0% 
Gannet - -65.0% -82.4% 
Common Scoter -100.0% -100.0% -88.0% 
Herring Gull +470.3% +223.8% +71.6% 
Great Black-backed Gull +3433.3% +324.0% +287.1% 
Little Gull +427.4% +177.6% +78.8% 
Kittiwake +801.9% -100.0% -31.1% 
Common/Arctic Tern -100.0% +737.2% +37.8% 
Guillemot/Razorbill -100.0% -14.1% -49.0% 
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During the operational period, divers, Common Scoters, Common/Arctic Terns and 
Guillemots/Razorbills did not occur in the wind farm at all, and except for the terns, they 
also declined in the zones to 4 km. Compared to the baseline period, Herring Gulls 
showed reduced avoidance of the wind farm. Great Black-backed Gulls avoided the 
wind farm before construction, but preferred it during operation. The same was true for 
Little Gulls over the entire year, but not for the spring. Changed preference was also 
observed for Common/Arctic Terns, but only in the surrounding zones. From notes by 
CHRISTENSEN et al. (2004) it appears that birds only rarely use the foundations for 
resting, and then mostly at the edge of the wind farm and when the rotors are not 
moving. 
The authors of the reports (last by PETERSEN 2005) stressed that avoidance should not 
only be attributed to the physical presence of the turbines, but possibly also to service 
boat traffic (on approx. 150 days per year). 
 


5.1.3.2 Habitat Alteration 
Since offshore wind farms are commonly built on soft subtrate, the construction of 
turbines introduces a new type of habitat for benthic organisms. The settlement of 
sessile invertebrates and algae as well as the subsequent attraction of mobile 
invertebrates and fish are known as the “reef effect”. It was argued that seabirds may 
benefit from this increase in biomass, especially if fish stocks increase because of the 
absence of fisheries (PERCIVAL 2001). Results from studies at operating wind farms – 
even if only very preliminary – confirmed the assumed development of hard bottom 
communities, but their utilisation by seabirds remains to be proven. Physical habitat 
loss, i.e. the replacement of soft by hard substrate, can be regarded as being of little 
significance. The area of soft bottom and the respective amount of infauna lost is far 
below 1% in large wind farms and thus seems to be negligible. Initial results from Horns 
Rev also indicate that the benthic community and sandeels (an important prey species 
for seabirds) are not negatively affected. 
 
Svante, Sweden 
Fish studies were conducted at this single wind turbine, which was built 250 m offshore 
at Nogersund in southeastern Sweden in 1990. In up to 200 m distance from the 
turbine, more fish were caught when the rotor did not move compared to periods of 
operation. However, it remained unclear whether this was due to the fact that the 
catchability of the fish was being measured, or because fish were attracted during non-
operation (reef effect), or disturbed during operation (WESTERBERG 2000). 
 
Vindeby, Denmark 
This wind farm with 11 turbines was built in 1991 in the Baltic Sea 1.5 km off the north 
coast of Lolland. It was thought that an artificial reef habitat including blue mussels 
(Mytilus edulis) developed on the turbine foundations. Fish stocks increased after the 
construction of the wind farm (LEMMING 1999, cited in PERCIVAL 2001). 
 
Horns Rev, Denmark 
Due to the construction of the wind turbines hard subtrate was introduced to the Horns 
Rev area. Each turbine is surrounded by a scour protection of stones, with a diameter of 
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about 20 m. Therefore, about 0.025 km² of soft bottom seabed (0.1% of the total wind 
farm area) are replaced by hard substrate. In addition, the turbines themselves (4 m 
diameter of the monopile foundation) present habitat for epifouling organisms. In 2003, 
the year after the construction of the wind farm, seaweed and dense aggregations of 
blue mussels were growing on the hard substrate introduced (controlled by the starfish 
Asterias rubens), with mobile organisms occurring increasingly towards the sea bottom. 
Stable communities are expected to occur only 5-6 years after construction. Compared 
to the normal soft bottom seabed fauna, the food availability for fish was estimated to 
increase by eight times. Close to the new hard bottom fauna, a total of 14 fish species 
were observed, with some of them present in shoals and probably attracted by the 
increased food supply (LEONHARD & PEDERSEN 2004). 
Compared to the pre-construction period (sampling in September 2001), the soft bottom 
benthos fauna in the wind farm area changed significantly during the operational period 
(sampling in September 2003). However, no difference was detected between the wind 
farm area and a reference area, indicating that natural variation rather than the 
operating turbines was responsible for the change, to which an increase in the particle 
size of the sediment seems to have contributed. The authors of the report on the 
infauna (BECH et al. 2004) stress that the Horns Rev area is a highly dynamic 
environment with migrating bedforms. When comparing a pre-construction survey 
(February/March 2002) with a survey during operation (March 2004), no negative 
impact from the wind farm could be detected for sandeels (JENSEN et al. 2004), an 
important prey for seabirds. 
 
Nysted, Denmark 
The concrete foundations and the scour protection of stones (total diameter: 25 m) 
introduced about 0.04 km² of hard substrate into the wind farm area, i.e. 0.17% of its 
total area. In October 2003, 19-49 weeks after the deployment of the foundations and 
16-28 weeks after the placement of stones into and around the foundation, a fouling 
community of mussels, barnacles and macroalgae had started to develop. The thick 
layer of mussels at a monitoring mast in the wind farm six years after its construction 
demonstrates that this community is in its first stages and further development can be 
expected (BIRKLUND & PETERSEN 2004). 
 


5.1.4 Habituation 
Due to the short time the offshore wind farms have been in operation and because of 
relatively short durations of the environmental studies, it has so far not been possible to 
draw conclusions about habituation of seabirds to turbines at sea. The presence and 
behaviour of some species within wind farms suggests that they became accustomed to 
the turbines, but this is difficult to judge for species avoiding wind farms, at least in the 
first years of their presence. However, the quite obvious avoidance of the Horns Rev 
wind farm by divers and auks was maintained during the second year of operation 
(PETERSEN 2005). This is partially true, too, for the Common Scoter, but its avoidance 
decreased in the surrounding zones compared to the first year of operation (PETERSEN 
2005). This may have been an effect of local food distribution (which has not been 
investigated). That habituation can occur has been demonstrated in the case of several 
small wind farms located at coastlines, which are regularly crossed by Cormorants, 
ducks, gulls and terns on flights between breeding colonies, roosts and offshore 
foraging areas (STILL et al. 1996, DIRKSEN et al. 1998a, 1998c, PAINTER et al. 1999, VAN 
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DEN BERGH et al. 2002, EVERAERT 2003). Birds flying close to turbines still show 
changed flight paths or even panic reactions (DIRKSEN et al. 1998a, VAN DEN BERGH et 
al. 2002, EVERAERT 2003). This was also observed in the evening flights of gulls to their 
night roosts at the Oosterbierum wind farm (2 km inland), where habituation was found 
to lead to calmer reactions instead of a reduced number of reactions (WINKELMAN 
1992c). However, lacking barrier effects in flights to and from roosts or breeding 
colonies do not necessarily mean that wind farms are used as foraging or resting areas, 
i.e. habitat loss cannot be excluded on the basis of flights observed in a wind farm.  
 


5.1.5  Summary of Species-Specific Effects of Offshore Wind Turbines on 
Seabirds 


In this section, the results of studies from operating offshore wind farms and relevant 
results from onshore wind farms (Sections 3.1.1. to 3.1.3.) are summarised for the 35 
seabird species regularly occuring in the German parts of the North and Baltic Seas 
(GARTHE et al. 2003a). 
 
Red-throated Diver and Black-throated Diver: Although single divers were seen close 
to and even within the Nysted wind farm, the results from aerial surveys at Horns Rev 
and Nysted suggest that divers strictly avoid swimming or flying within wind farms. Low 
densities of divers were found at Horns Rev even in the WF+2 and WF+4 zones, 
indicating a typical avoidance distance of at least 2-4 km. Based on much less data, the 
same tendencies were recognised in Utgrunden. The strong avoidance of wind farms 
corresponds to the large escape distances observed in divers when encountering 
approaching ships. Since one collision victim was found at a coastal wind farm, divers 
must be considered as vulnerable to collision. 
Great Crested Grebe: No information available. 
Slavobian Grebe: The only information refers to four and five birds which migrated in 
the sub-zones without turbines near the wind farms Utgrunden and Yttre Stengrund, 
respectively, but this small sample size does not allow any conlusions to be drawn 
(Tables 4 and 5). 
Red-necked Grebe: The only information about red-necked grebes and offshore wind 
farms refers to a flock showing panic reaction when crossing the Horns Rev wind farm. 
Fulmar: The scarce information on this species refers to one bird heading south 
towards the Horns Rev wind farm, which deviated westward instead of flying into the 
wind farm. Three birds seen there during transect observations were flying outside the 
wind farm area. One casualty found at the onshore wind farm Blyth Harbour shows that 
even this usually low-flying species is at risk of collision. 
Sooty Shearwater: The only bird seen during transect observations at Horns Rev was 
flying outside the wind farm, but no other information is available. 
Gannet: No Gannets were recorded within the wind farm during aerial surveys at Horns 
Rev, and decreasing Jacobs indices in the surrounding zones suggest that this species 
avoids the wind farm area. This is underscored by the facts that only 1% of all Gannets 
were observed within the wind farm area via transect observations, and all flight paths 
recorded by radar kept their distance from the turbines. 
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Cormorant: This species does not generally avoid offshore wind farms. Cormorants 
resting on the foundations of turbines were reported from the Horns Rev, Tunø Knob 
and Nysted wind farms, and within the latter, large feeding flocks were observed. 
Foraging close to turbines was also seen at Utgrunden (and in Horns Rev the closely 
related Shag did so). Locally staging Cormorants regularly fly through rows of turbines 
(Utgrunden, Blyth Harbour), but on the other hand a large fraction of radar observations 
at Nysted can be attributed to this species, indicating that flying around the wind farm is 
common. The existence of a barrier effect is also clear from Horns Rev, where only 5% 
of all observed cormorants crossed transect lines concomitant with flights through the 
wind farm. Also at Utgrunden, the zones and sub-zones of the Kalmar Sound which 
include the turbines were used to a significantly lower extent by migrating Cormorants 
during operation than during the pre-construction period. Whereas in Horns Rev all 
Cormorants were flying at rotor height, only 10% did so at the onshore wind farm Blyth 
Harbour. Collisions victims were found at two coastal wind farms. 
Greater Scaup: Although the results on nocturnal flight paths of diving ducks at the 
“semi-offshore” wind farm at Lely on the IJsselmeer primarily refer to Tufted Ducks, the 
temporary presence of Greater Scaups at this site sheds light on this species as well. 
The row of turbines, which intersects the diving ducks’ flight path between foraging and 
resting areas, was generally avoided, but on moonlit nights some birds flew through 
instead of around the wind farm. Migration along sub-zones containing the turbines at 
Utgrunden and Yttre Stengrund further indicates that offshore wind farms do not act as 
barriers for Greater Scaups. Near the IJsselmeer seawall, the Greater Scaup has been 
found as a collision victim. 
Eider: By far the most thoroughly investigated species in connection with offshore wind 
farms. Foraging Eiders occured at all sites between the turbines or close-by, but 
numbers were quite low before construction and during operation at Horns Rev, Nysted 
and Yttre Stengrund. Eiders were most present in the Tunø Knob wind farm, where the 
detailed study found that fluctuation of bird numbers was mostly due to changes in food 
supply. With respect to flight behaviour when approaching offshore turbines, there seem 
to be differences between migrating birds and those making local movements. Based 
on very large sample sizes, especially at Utgrunden, Yttre Stengrund and Nysted, it can 
be concluded that most migrating Eiders avoid flying through wind farms and rather fly 
around them. Such a barrier effect was also found for local movements at Tunø Knob at 
night, in particular on dark nights. In the daytime, there is a general statement from the 
Utgrunden study that foraging Eiders fly back and forth between the turbines. The row 
of turbines on the pier of Blyth Harbour was regularly passed by Eiders flying into the 
harbour or back during the first 2.5 years of the study. This seemed to be dangerous, for 
at least 12 birds collided with turbines. At offshore wind farms, detouring lowered 
collision risk considerably, although some flocks were reported to migrate between the 
turbines. According to data from Utgrunden and Yttre Stengrund, collision risk was on 
the one hand decreased by increasing flight altitude above rotor level when crossing the 
turbine rows. On the other hand, Eiders migrating near turbines increased flight altitude 
into the range of rotor height in the same wind farms, but the proportion of flocks 
involved in such high risk situations is very low. As a result, only one daylight collision 
was observed during the studies at the two Swedish wind farms, which included several 
hundred thousand birds. By contrast, a relatively large proportion of migrating Eiders 
(0.9% at night, 0.6% at daytime, including some geese) approached to less than 50 m 
from the Nysted turbines. 
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Long-tailed Duck: Although Long-tailed Ducks are not generally scared away by wind 
farms, their numbers were found to decrease after the construction of wind farms. At 
Nysted, the wind farm area changed from a preferred site (pre-construction phase) to an 
avoided site (construction and operational phase). At Utgrunden, Long-tailed Ducks 
remained in their foraging sites after the construction of turbines, but numbers were 
lower than before. In both studies it is unknown whether changes in the food supply 
contributed to the decline, but at Utgrunden, displacements appeared to be caused by 
service boats rather than by the turbines themselves. Based on a general statement it 
can be assumed that birds foraging at Utgrunden fly back and forth between turbines 
during daylight hours. 
Common Scoter: Although Common Scoters are very abundant in the Horns Rev area, 
high year-to-year variation in numbers and distribution and lack of supplementary 
information on food supply make the interpretation of the results obtained by aerial 
surveys complicated. However, because only about one tenth the number of Common 
Scoters expected according to the baseline studies actually occurred within the wind 
farm and their numbers also dropped in the WF+2 and WF+4 zones, they seem to avoid 
operating wind farms strongly. It is noted that Common Scoters have been reported to 
occur in the areas of other offshore wind farms (and perhaps close to the turbines), but 
these reports provide no usable data, except for one observation of a flock of 12 birds 
within the Nysted wind farm and a map from Utgrunden with flocks less than 1 km from 
turbines. At Horns Rev, most Common Scoters seen flying were local staging birds. 
Those disturbed by ships in the vicinity of the wind farm flew around the turbines at a 
distance of 300-1000 m or even turned back. This strong avoidance is confirmed by 
only a very small fraction (1.1%) of birds flying inside the wind farm during transect 
observations. In a sub-sample of flocks observed visually, all birds either landed on the 
water well in front of the wind farm or changed their flight direction without entering. 
However, radar tracking has confirmed that Common Scoters actually do cross this 
wind farm. 
Velvet Scoter: Like Common Scoters, only a very small share (0.6%) of the few 
observed Velvet Scoters passed the transect lines through the Horns Rev wind farm. By 
contrast to the pre-construction period, this species was not seen to migrate through the 
sub-zones with turbines at Utgrunden, and only a few did so at Yttre Stengrund. A 
barrier effect for flying Velvet Scoters can thus be assumed. 
Red-breasted Merganser: At Utgrunden, Red-breasted Mergansers were present less 
than 1 km from the turbines. From occasional observations and the diurnal pattern of 
presence, it was concluded that service boats displace the birds temporarily, whereas 
operating turbines do not cause major disturbance. A total of 14 birds were seen in or 
near the Nysted wind farm during aerial surveys. At the Utgrunden and Yttre Stengrund 
wind farms, Red-breasted Mergansers have been recorded crossing the rows of 
turbines more often than other seabirds. 
Pomarine Skua: No information available. 
Arctic Skua: The only skua species commonly occurring at Horns Rev seems to fly into 
the wind farm without being disturbed; it is probably attracted by the gulls foraging 
between the turbines. During the transect observations, 26% of all birds crossed the 
transect lines which represent flights within the wind farm area. By contrast, it was 
assumed that Arctic Skuas avoided the Utgrunden wind farm because of the low share 
of that species migrating in the respective zone of the Kalmar Sound. 
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Great Skua: As only two birds were seen on transect lines outside the Horns Rev wind 
farm, no significant information is available on this species. 
Little Gull: The Horns Rev wind farm area was avoided by Little Gulls before and 
during construction, but information for the operational period is contradictory. Data 
obtained throughout the first year of operation indicate preference for the wind farm 
area, whereas data from two spring seasons suggest avoidance. During one aerial 
survey (December 2003), the majority of all Little Gulls observed were foraging between 
the turbines. That the wind farm is not generally avoided is further confirmed by visual 
observations, in which 13% of the birds where seen to cross transect lines, which 
represent flying into or within the wind farm. However, as flight altitudes were unknown, 
no assessment of collision risk is yet possible. 
Black-headed Gull: There are no data to date permitting assessment of potential 
habitat loss for this species at offshore wind farms. At coastal wind farms (Maasvlakte, 
Blyth Harbour), regular movements between breeding colonies, roosts and foraging 
sites cross rows of turbines. From Horns Rev, it is known that large shares (40% of 
observed birds crossing transect lines) fly through the wind farm. As the majority of gulls 
at this site fly at rotor height, Black-headed Gulls appear vulnerable to collision risk. In 
fact, the species was noted as a collision victim at 13 wind farms at or near the coast. 
Common Gull: Although information about potential habitat loss is lacking, commonly 
occurring flights through the Horns Rev wind farm (46% of all birds crossing transect 
lines) suggest that there is at least no barrier effect for this species. As stated for gulls 
as a whole at Horns Rev, high percentages of birds flying at rotor height may indicate 
increased collision risk. At seven coastal wind farms, Common Gulls were found to 
collide with turbines. 
Lesser Black-backed Gull: No information on potential habitat loss is available for this 
offshore-foraging species. For birds on flights between breeding colonies and foraging 
areas, it was observed that wind farms at the coastline do not act as a barrier. However, 
different degrees of reaction (detouring manoeuvres, turns) were observed for gulls, 
including large shares of Lesser Black-backed Gulls, at Zeebrugge (14-64% showing 
reaction) and Maasvlakte (3%) when flying through rows of turbines. The absence of a 
barrier effect was also observed at Horns Rev, where 32% of all birds crossing transect 
lines were flying within or into the wind farm. At Horns Rev and Maasvlakte, most gulls 
(including this species) were passing at rotor height, but in Zeebrugge only 32% did so. 
That this species is at risk of collision is shown by collision casualties found at 
Zeebrugge. 
Herring Gull: Offshore turbines are not generally avoided by Herring Gulls, which were 
regularly seen in the Nysted and Horns Rev wind farm areas. At Horns Rev, Herring 
Gulls became more abundant during the operational phase and especially during 
construction. It was assumed that this was caused by attraction to slowly moving ships 
or the possibility of roosting outside the water; Herring Gulls were occasionally seen to 
rest on foundations. At the same site, 37% of the birds flew within the wind farm during 
transect observation. The lack of a barrier effect is known from coastal wind farms as 
well, although up to 42% of passing birds still show detouring manoeuvres or turns. 
Whereas at Horns Rev most gulls (including Herring Gulls) flew at rotor height, most 
birds were found to fly at altitudes below the rotor at coastal wind farms. Nevertheless, 
Herring Gulls were reported as collision victims at 11 onshore wind farms. 
Great Black-backed Gull: At Horns Rev, Great Black-backed Gulls changed from 
strong avoidance during pre-construction to strong preference during operation. Like 
Herring Gulls, the attractive effects of ship traffic and resting places on foundations can 
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be assumed as the reasons for the increase (the latter is proven by visual 
observations). No barrier effect appears to exist, as 35% of all birds seen in transect 
observations were flying within the wind farm. This corresponds to the observation that 
Great Black-backed Gulls commonly cross the row of turbines at Blyth Harbour. High 
percentages of gulls flying at rotor height at Horns Rev (but only 13% at Blyth Harbour) 
and collision victims found at Blyth Harbour and Zeebrugge indicate high vulnerability to 
collisions. 
Kittiwake: Despite their low numbers recorded during aerial suryevs, Kittiwakes do not 
seem to avoid the Horns Rev wind farm: 24% of the birds observed crossing transect 
lines were within the wind farm, and resting on the foundations was reported. Casualties 
at two coastal wind farms provide evidence of vulnerability to collisions. 
Caspian Tern: Little or nothing is known about Caspian Terns at wind farms, except 
that four birds were observed flying in sub-zones with no turbines at Utgrunden and 
Yttre Stengrund (Tables 4 & 5). 
Sandwich Tern: According to transect observations at Horns Rev, Sandwich Terns 
commonly fly within the wind farm (51% of birds seen). Observations of flight altitude 
showed the great majority of terns flying low, and only 9% at rotor height; hence, 
vulnerability to collision may be relatively low. 
Common Tern and Arctic Tern: The authors of the Horns Rev study do not consider 
the lack of these species within the operating wind farm to be of great importance, 
because the sample size was low and the birds (which actually preferred the zones 
around the wind farm) were concentrated in a few flocks. Because Common/Arctic 
Terns have been seen resting on the railings of the foundations, but on the other hand 
often left the area between the turbines soon after flying in, the results involving 
potential habitat loss are contradictory. The observed proportion of 30% of flying birds 
crossing the transect lines representing flights within the wind farm demonstrate that 
there is no general avoidance reaction to offshore turbines. Like at Horns Rev (9% of all 
terns), it was noted at Zeebrugge that only few birds (7%, Common Terns) fly at rotor 
height and pass below the rotor – just as at Yttre Stengrund, where migrating 
Common/Arctic Terns maintained their flight altitude of approximately 10 m even close 
to the turbines and did not deviate from their course. Common Terns flying to a night 
roost at Den Oever evaded a single turbine laterally, and evasive behaviour was noted 
in 4-31% (Zeebrugge) and 5% (Maasvlakte) of passing Common Terns. However, 
collisions can still occur, as casualties have been reported from Zeebrugge. 
Black Tern: Information about Black Terns is restricted to their behaviour at a single 
coastal turbine at Den Oever, where they evaded laterally during flights to the night 
roost. One casualty was found at a coastal wind farm in Germany. 
Guillemot and Razorbill: The Horns Rev wind farm seems to be avoided strictly by 
both auk species. Aerial surveys failed to record any bird within the wind farm during 
either construction or operation, and reduction in numbers was also noted in the WF+2 
and WF+4 zones during operation (with no record there at all during construction). 
Furthermore, only two out of 53 birds (4%) flying across transect lines during visual 
observations were within the wind farm. Avoidance of wind farms is also indicated by a 
low proportion of auks migrating in the zone of the Kalmar Sound, in which the 
Utgrunden wind farm is located. Despite the general low flight altitude, a Guillemot was 
found as a collision victim at a coastal wind farm. 
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Black Guillemot: Before the Utgrunden turbines had been built, four out of 12 Black 
Guillemots migrating through zone C were seen in the sub-zones which later contained 
the wind farm. During operation, all 34 birds of zone C kept away from the wind farm 
sub-zones (Table 4), perhaps indicating avoidance. 
Little Auk and Puffin: No information available. 
 


5.2 Quality of Studies and Results 


When discussing the quality of the studies on seabirds conducted at operating offshore 
wind farms, it is important to differentiate between the design and coverage of the 
studies on the one hand and how and to which extent the results are reported on the 
other hand. It must be stressed for all studies that the harsh marine environment 
restricts investigations to calm weather conditions, which are not representative, 
especially for autumn and winter. The researchers cannot be blamed for this 
shortcoming, because the methods applied cannot be used, e.g. during storms or high 
waves. 
 
Tunø Knob, Denmark 
A well-designed BACI study was conducted at Tunø Knob, some aspects of which 
lasted up to four years. However, a major point of criticism is that the baseline period for 
bird counts lasted only two months (mid-February to mid-April 1995), and largely 
addressed only one species, the Eider, with fragmentary results for one more, the 
Common Scoter. Moreover, the study was restricted to the winter and therefore failed to 
include: i) possible offshore foraging trips of breeding birds; ii) the moulting period of 
seaducks as a period of high sensitivity; and iii) migration periods with turnover of 
individuals which bring relatively high proportions of populations into contact with the 
wind farm. 
The authors of the Tunø Knob study proposed that the high annual and spatial variation 
in Eider numbers was mainly caused by variations in the availability of profitable size 
classes of mussels. However, earlier comments raised the question as to whether the 
construction of the wind farm might have influenced the mussel abundance by sediment 
disturbance (TINGLEY 2003). Even when taking into account annually fluctuating 
numbers, Eider numbers increased in the fourth year of the study by 300% in the sector 
containing the turbines, but on average by 1900% in adjacent sectors. While the authors 
refer this to natural variation, TINGLEY (2003) pointed out that it is “more likely that these 
data indicate short-distance disturbance effects caused by the wind farm.” Detection of 
natural variation was impeded by the fact that only one baseline year was included in 
the study. 
The radar studies on the nocturnal flight behaviour of Eiders are of high value, because 
in contrast to other wind farms, staging birds were observed during their local 
movements. In addition they show, how important it is to consider the conditions under 
which seabirds fly, especially visibility. 
When assessing the results from Tunø Knob in the context of the general effects of 
offshore wind farms on seabirds, the fact that the farm has relatively few and – more 
importantly – relatively small turbines, which are not illuminated at night, should be 
considered. It is unclear how the findings from Tunø Knob can be transferred to large 
wind farms with turbines more than twice as high. 
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Utgrunden and Yttre Stengrund, Sweden 
Compared to other studies, the investigation of the effects of the two wind farms on 
staging seabirds in the Kalmar Sound appeared to be less thorough and are based on a 
qualitative rather than a quantitative or systematic approach. First of all, counting 
methods did not include those used for seabirds in offshore areas for many years 
(TASKER et al. 1984, GARTHE et al. 2002) or developed recently (NOER et al. 2000, 
DIEDERICHS et al. 2002). Secondly, methods used, study plots and results are poorly 
documented and allow assessment only after some of the data has been recalculated. 
The results are only qualitative and only include some species in winter and spring, but 
not during the summer months. The decline in bird numbers found in several species 
after the construction of the wind farms are difficult to relate to the presence of the 
turbines. Natural variation cannot be excluded, especially because no information is 
available on food supply and related subjects. Finally, some results presented in 
different tables are contradictory, as mentioned above concerning divers. For these 
reasons, the seabird studies from Utgrunden and Yttre Stengrund have contributed 
relatively little to our understanding of seabird reactions to offshore wind farms as far as 
staging birds are concerned. One positive contribution has, however, been the 
description of the effects of service boats on the seabirds. 
Much better documentation is available for flying seabirds. However, these results 
mainly refer to migrating birds, rather than flights of staging birds. The type of radar 
used did not allow detection of small flocks (e.g. smaller than 45-100 Eiders), which is 
why all local movements are probably excluded. Furthermore, the majority of birds 
observed were Eiders, and results of other species are often summarised without 
naming the species involved. Study periods were restricted to the peak periods of Eider 
migration, which also restricts the number of species included in the observations. A 
highlight of the studies is the use of an optical rangefinder, which allowed following the 
flights of seabirds close to turbines in 3-D. Regarding the focus of this report, the results 
of migrating seabirds from Kalmar Sound can provide some indication as to their 
behaviour, but in general, these results cannot be transferred to local flights of staging 
birds. 
For the first time, Pettersson (2005) gave an estimate of collision risk for migrating 
waterbirds at the two offshore wind farms in the Kalmar Sound. He arrived at a value 
between one 20th and one 150th of those arrived at in calculations for a coastal wind 
farm in Belgium (see Table 9). It is important to realise that this estimate is based 
mainly on observations during good visibility and was extrapolated from only one 
witnessed collision. Furthermore, the great majority of data comes from Eiders, which 
are known to generally detour around wind farms. Hence, the low rate of collisions 
reported is not representative for seabirds in general and cannot be applied to staging 
seabirds. 
 
Horns Rev and Nysted, Denmark 
The bird studies at Horns Rev and Nysted followed a shared design and are therefore 
well comparable. They focused on the distribution of seabirds (aerial surveys) and the 
flight paths of birds (radar studies). The latter mostly referred to migrating birds, which 
were in fact the object of these studies. Hence, general answers to the question as to 
the flight behaviour of staging seabirds or of those conducting foraging flights could not 
be obtained. However, visual observations from the transformer station at Horns Rev 
gave valuable insight into the reactions of birds approaching the wind farm, and these 
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observations to some extent involve local movements. Unfortunately, such observations 
are lacking from Nysted, where they might have been conducted from shipboard. 
In order to investigate the distribution of seabirds in a large study area, the researchers 
chose aerial surveys rather than ship-based counts. Regarding the species of interest 
and those actually occurring in the area, this was certainly the right decision, because 
for most of these species aerial surveys are suitable or even recommended 
(CAMPHUYSEN et al. 2003, GARTHE et al. 2004). The standardised surveys made it 
possible to apply the selectivity index of Jacobs (1974) which is independent of the 
fluctuations in the numbers of seabirds present. Unfortunately, no surveys took place in 
late May, June or July, which prevented assessment of the effects on foraging seabirds 
during the breeding season. However, the inclusion of approx. three years of the pre-
construction period provided a good basis for the detection of effects from the later 
construction and operation of the wind farm. 
A major shortcoming of the seabird surveys is the lack of information on food supply. 
The objective of the benthos studies carried out at Horns Rev was to examine the 
effects on benthic organisms, not to provide e.g. a picture of their large-scale 
distribution or their annual variation. Especially the strong numerical and distributional 
fluctuations of the Common Scoter, one of the key species in the environmental impact 
assessment, could have been much better explained and might have led to a more 
accurate estimate of wind farm effects. The same is true of Long-tailed Ducks at 
Nysted. 
Finally, the large number of turbines inevitably leads to frequent ship traffic for service 
and maintainance. Unfortunately, the amount of ship traffic in the wind farm area was 
not recorded during the aerial surveys. Therefore, effects ascribed to wind turbines may 
at least in part be due to disturbance by ship traffic (PETERSEN et al. 2004). At Horns 
Rev however, three of the four surveys conducted during the operational period of 2003 
– all except the September survey – took place in periods of low ship traffic, as 
indicated by the logbook of a small vessel (TOUGAARD et al. 2004).  
Despite some of the problems addressed above, the two Danish studies have 
substantially enhanced the knowledge of seabirds at offshore wind farms. 
 


5.3  Effects of Other Technical Impact Factors on Seabirds in Offshore 
Areas 


5.3.1 Offshore Platforms 


As to habitat loss and barrier effects for seabirds, only little information is available from 
offshore installations, most of it from oil drilling platforms. Drilling platforms generally 
attract seabirds, leading to higher bird densities around them than in the adjacent sea 
areas (HAUGE & FOLKEDAL 1980, TASKER et al. 1986, WIESE et al. 2001). Apart from the 
opportunity for resting, the most important reason for such seabird concentrations 
seems to be the improved food supply due to waste, exhausted migrating landbirds, and 
zooplankton and small fish which are attracted at night by the lights (BOURNE 1979, 
JONES 1980, TASKER et al. 1986, WIESE et al. 2001). In addition, epibenthic organisms 
growing on the foundations may alter feeding conditions, as they can be preyed upon 
directly or attract other potential food organisms like fish (reef effect; CARLISLE et al. 
1964, ORTEGO 1978, WOLFSON et al. 1979, JONES 1980, BAIRD 1990). 
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In Europe, attraction by artificial lights from offshore platforms, which occasionally 
causes collisions or burning in gas flares, is mostly reported for passerine migrants 
(SAGE 1979, HELBIG et al. 1979, HAUGE & FOLKEDAL 1980, JONES 1980, MÜLLER 1981, 
WALLIS 1981, DIERSCHKE 2004). In the Canadian Atlantic, it does not seem uncommon 
for Leach’s Storm-petrels and Little Auks to be attracted by drilling platforms at night, 
with thousands of the latter species circling around a platform for hours (WIESE at al. 
2001), but there is only one report of several hundreds supposed Storm Petrels being 
incinerated in the gas flare of a drilling rig in the North Sea (SAGE 1979). Seabirds that 
feed nocturnally on bioluminiscent zooplankton, especially juveniles just after fledging, 
seem instinctively attracted by artificial light sources in their search for prey (IMBER 
1975). 


 


5.3.2 Sand and Gravel Extraction 


There are no studies directly related to the effects of aggregate extraction on seabirds. 
However, in addition to disturbance caused by human activity above the sea surface, 
the consequences of the deterioration of the benthic communities certainly have an 
impact on the food supply, and thus on the suitability of feeding areas for seabirds. For 
seabirds feeding on bivalves (e.g. scoters) which live in the upper layers of the 
sediment, resources are removed. Disturbance can also be expected for sandeels, 
especially if the preferred grain size of the sediment (WRIGHT et al. 2000) is changed. 
Sandeels are a key factor in marine food webs and of particular importance to seabirds, 
including such species listed in Annex I of the EU Birds Directive as the Red-throated 
Diver, the Sandwich Tern, the Common Tern and the Arctic Tern (FURNESS & TASKER 
2000). Reduced availability of sandeels was found to reduce the breeding success of 
seabirds (FURNESS & TASKER 2000, FURNESS 2003). Therefore, it is likely that areas 
used for sand and gravel extraction will be of less value to seabirds for an indefininite 
period. 
 


5.3.3 Ship Traffic 
Behaviour of seabirds in relation to ships can be linked directly to the question of the 
environmental impacts of offshore wind farms. Not only the construction, but also the 
operation of wind turbines causes increased ship traffic for maintainance and service. 
While especially gulls are often associated with ships (e.g. GARTHE & HÜPPOP 1994), 
other seabird species are disturbed by them. However, information about habitat loss 
caused by ship traffic is scarce. During ship-based surveys in northern Europe it was 
noted that flushing distance varies among seabird species. Strong escape/avoidance 
behaviour and/or large flushing distances have been noted for divers, Slavonian 
Grebes, Long-tailed Ducks, scoters and Cormorants, while the opposite is true of 
Gannets, skuas, gulls and terns (intermediate behaviour in Great Crested Grebes, Red-
necked Grebes, Eiders, Red-breasted Mergansers and auks; GARTHE & HÜPPOP 2004, 
GARTHE et al. 2004). Nearly the same assessment was made by CAMPHUYSEN et al. 
(1999), who included “escape behaviour” in a “traffic disturbance index”. Compared to 
the above, these authors saw escape behaviour caused by ships as more pronounced 
in Eiders, but less so in Slavonian Grebes, Long-tailed Ducks and Red-breasted 
Mergansers. 
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It was discussed earlier that areas with much ship traffic tend to be avoided by the more 
sensitive species, especially divers and scoters (HÜPPOP et al. 1994, MITSCHKE et al. 
2001). For example, densities of wintering divers were observed to be considerably 
lower in the Elbe shipping lane compared to the sea area just north of it (HÜPPOP et al. 
1994). In the Pomeranian Bay, Long-tailed Ducks avoided the shipping lane despite of 
the high biomass of harvestable prey in part of this zone. This was probably due to an 
unfavourable energy balance caused by frequent flushing and diving when ships are 
passing (KUBE 1996). 
The flushing distance of Common Scoters was examined experimentally in Liverpool 
Bay in the Irish Sea (KAISER 2004). With combined visual and radar observation, the 
distance between a ship cruising at 10 knots and flocks taking off for flight was 
estimated. Although no correlation between flock size and flushing distance was found, 
flocks flushing below 1 km distance were significantly smaller than those taking off at 
distances of 1-2 km from the approaching ship. Therefore, 1 km is the critical flushing 
distance at which flock size increased dramatically. The vast majority of large flocks 
took off at distances greater than 1 km. Smaller flocks (<15 birds) let vessels approach 
more closely, but showed alert postures before flying away. In addition, the observers 
noted wave effects, i.e. flushed flocks at closer distances prompted flocks further away 
(even >2 km) to take off as well. 
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6 Discussion 


Compared to only a few years ago, the results of studies at offshore wind farms now 
provide improved insight into the reactions of seabirds towards these obstacles. While it 
is still difficult to give even rough estimates of additional mortality due to fatal collisions, 
it is possible for a number of species to estimate habitat loss and fragmentation – 
despite the lack of information on long-term habituation. 
 


6.1 Collision Risk 


Since several seabird species were observed entering offshore wind farms, a general 
collision risk can be assumed for them. This must be kept in mind when disussing the 
possible impact on protected species. For example, four species listed in Annex 1 of the 
EU Birds Directive (Little Gull, Sandwich Tern, Common Tern and Arctic Tern) are 
known to fly between offshore turbines. Unfortunately, knowledge related to collision 
risk is very limited and mainly refers to migrating birds rather than to local movements of 
staging birds or seabirds foraging offshore in the breeding season. To date, only one 
fatal collision has been observed (migrating Eiders, PETTERSSON 2005), and very few 
flight altitude measurements have been carried out near offshore wind farms (mostly for 
migrating seabirds). Hence, most information on collision risk of seabirds comes from 
coastal wind farms. 
Observations at coastal wind farms are helpful when estimating the collision risk for 
seabirds. According to casualties recorded at turbines up to 4 km inland, at least 13 of 
35 seabird species regularly occurring in German waters are affected by collisions. 
Primarily, gulls were reported as colliding with turbines, which indicates that birds which 
commonly fly into wind farms are most affected. This is underscored by the fact that the 
rate of collision calculated for gulls and terns at a coastal wind farm (EVERAERT et al. 
2002) is many times higher than that estimated for migrating Eiders, which generally 
detour around wind farms (PETTERSSON 2005). The general risk is underlined by the fact 
that many birds pass turbines at rotor height (STILL et al. 1996, VAN DEN BERGH et al. 
2002, EVERAERT 2003). In addition, the study at Zeebrugge has shown that the direction 
of turbine rows compared to the flight direction of seabirds is an important factor 
determining collision risk (more collisions when turbines are perpendicular to the flight 
paths, EVERAERT et al. 2002). 
The studies conducted at both coastal and offshore wind farms came to the result that 
seabirds mostly avoid collisions by either flying detours around wind farms and turbines 
(e.g. DIRKSEN et al. 1998c, TULP et al. 1999, KAHLERT et al. 2004b, PETTERSSON 2005, 
CHRISTENSEN & HOUNISEN 2005) or by conducting swerves when ultimately confronted 
with the rotor (e.g. WINKELMAN 1992c, EVERAERT et al. 2002, PETTERSSON 2005). 
However, the detectability of the turbines seems to have an effect on the actual risk. In 
poor visibility – at night or under foggy conditions – migrating birds reacted to turbines to 
a lesser degree and at closer distances than under better conditions in daylight 
(KAHLERT et al. 2004b, CHRISTENSEN & HOUNISEN 2005, PETTERSSON 2005), but at 
Nysted a higher percentage of those Eiders and geese entering the wind farm came 
closer than 50 m to the turbines during daytime. Furthermore, radar tracking of 
nocturnal flights at the Horns Rev wind farm illustrated that adjustments of flight paths 
are less effective in avoiding turbines (CHRISTENSEN & HOUNISEN 2005). This implies that 
turbines, even when illuminated, are more difficult to detect by flying birds in darkness. 
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In fact, in a coastal wind farm in the Netherlands, a higher collision rate for birds flying 
through the rotating blades was observed at night (28%) than in daytime (7%) – 
although this study does not refer only to seabirds (WINKELMAN 1992b). In addition, 
STILL et al. (1996) pointed out that four of the 12 Eider collisions recorded at Blyth 
Harbour occurred within only one week, at poor visibility. In contrast to the findings of 
migrating birds, nocturnal flights of staging birds approached the wind farms at Lely 
(diving ducks) and Tunø Knob (Eiders) less during dark nights than on moonlit nights 
(DIRKSEN et al. 1998c, TULP et al. 1999). It is possible that staging birds are aware of the 
turbines within their home range and keep away from them under poor visibility 
conditions, but do not mind crossing the wind farm when they can detect obstacles. 
Finally, regarding the nocturnal illumination of offshore turbines, it is unknown whether 
seabirds are attracted by artificial lights, which would increase collision risk. In the North 
Sea, there is only one uncertain report about Storm Petrels which had been attracted by 
the gas flare of a drilling rig (SAGE 1979; cf. also reports from the Canadian Atlantic in 
WIESE et al. 2001). This lack of information highlights the importance of future studies 
on mortality caused by offshore wind farms. 
 


6.2 Habitat Loss 


Physical habitat loss caused by the introduction of hard subtrate into a soft bottom 
environment seems negligible, because the proportion of soft bottom area lost is low 
(far below 1%) and the benthos as a food resource for seabirds appears hardly affected. 
For habitat loss due to displacement, studies in Denmark and Sweden have shown that 
at least in the first year after construction six seabird species (Red-throated Diver, 
Black-throated Diver, Gannet, Common Scoter, Guillemot and Razorbill) strongly 
avoided offshore wind farms (Table 18). In addition, Long-tailed Ducks did not generally 
keep away from them, but were present in reduced numbers. Another seven species 
occurred within wind farms and showed few obvious effects (Table 18). The numbers of 
three species (Little Gull, Herring Gull and Great Black-backed Gull) increased, and at 
least for the large gulls, an attraction effect by ship traffic and/or by resting opportunities 
on the foundations of the turbines can be assumed (CHRISTENSEN et al. 2003). For the 
remaining 18 species (including Fulmar, Velvet Scoter and Lesser Black-backed Gull) 
nothing is known on possible displacement. 
Although some species appear unaffected by offshore turbines or may even gain 
increased food resources from invading hard bottom fauna, avoidance behaviour by 
other species may lead to displacement from habitats used prior to wind farm 
construction. The role of bird density at sea in the population dynamics of seabirds is 
unknown. For many species, mobile food resources such as fish stocks or discards from 
fishery make determination of areas of special importance difficult. The distribution of 
seabirds as a result of food distribution is better understood for sea ducks, which mainly 
rely on benthic bivalves. Prey density and water depth determine the importance of 
some marine areas and exclude others because food is either lacking or is too deep to 
allow profitable diving. Although bivalve consumption rates by sea ducks were found to 
be low in German waters (LEIPE 1985, NEHLS 1989, KUBE 1996), density may impact the 
mortality and reproduction of these and other species. 
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Table 18: Summary of the effects of offshore wind farms on the 35 seabird species regularly occurring in 
German marine areas (North and Baltic Seas). Species listed in Annex I of the EU Birds Directive 
are printed bold. Categories: Habitat loss – 00 strong avoidance, 0 reduced numbers, + occurring 
with no or only few effects, ++ increased numbers. Barrier effect – 00 strong avoidance, 0 detours 
occurring, + (commonly) flying through wind farms (* including information from coastal wind 
farms). Fatal collisions – 00 casualties at offshore and coastal wind farms, 0 casualties at coastal 
wind farms. 


 
 Habitat loss Barrier effect Fatal collisions 
Red-throated Diver 00 00* 0 
Black-throated Diver 00 00 ? 
Great Crested Grebe ? ? ? 
Red-necked Grebe ? + ? 
Slavonian Grebe ? ? ? 
Fulmar ? 0 0 
Sooty Shearwater ? ? ? 
Gannet 00 00 ? 
Cormorant + 0* 0 
Greater Scaup ? 0* ? 
Eider + 0* 00 
Long-tailed Duck 0 + ? 
Common Scoter 00 00 ? 
Velvet Scoter ? 00 ? 
Red-breasted Merganser + + ? 
Pomarine Skua ? ? ? 
Arctic Skua + + ? 
Great Skua ? ? ? 
Little Gull ++ + ? 
Black-headed Gull ? +* 0 
Common Gull ? +* 0 
Lesser Black-backed Gull ? +* 0 
Herring Gull ++ +* 0 
Great Black-backed Gull ++ +* 0 
Kittiwake + + 0 
Caspian Tern ? ? ? 
Sandwich Tern ? +* ? 
Common Tern + +* 0 
Arctic Tern + + ? 
Black Tern ? +* 0 
Guillemot 00 00 0 
Razorbill 00 00 ? 
Black Guillemot ? 00 ? 
Little Auk ? ? ? 
Puffin ? ? ? 


 
 
As density effects have not been studied in seabirds, mechanisms of habitat loss known 
from other birds must serve as examples. A large number of waders, many of which 
breed in the Arctic, spend the non-breeding season in intertidal areas along the 
coastlines of all continents. Like sea ducks, they feed on benthic prey. The huge 
amount of data on foraging, food exploitation and bird movement of coastal waders has 
made the effect of habitat loss well known for them: Generally, wader density correlates 
with prey density in estuaries, with increased bird density leading to higher mortality 
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rates or movement to other estuaries. Mortality increases due to lower intake rates 
caused by increased interference competition and more rapid exploitation of prey. 
Displacement to less favourable estuaries (or less favourable parts of the same estuary) 
usually occurs in young and subdominant individuals and also leads to lower intake 
rates in these individuals (GOSS-CUSTARD 1979, 1985, EVANS 1981, LAMBECK 1991, 
SUTHERLAND & GOSS-Custard 1991). As displaced individuals cause the same effect in 
the new estuary, habitat loss in one site can have an impact even on birds which never 
use this site (“knock-on effect”, DOLMAN & SUTHERLAND 1995). If density-dependent 
mortality also occurs in seabirds during the non-breeding season, habitat loss caused 
by offshore wind farms may have effects similar to those which loss of estuarine 
habitats, e.g. by reclamation, has for waders. 
Displacement may also impact the reproduction of seabirds. Lower intake rates due to 
density effects may reduce body condition at departure from wintering areas and/or 
spring staging sites, and hence lead to arrival at breeding areas in worse condition 
and/or at a later time. Carry-over effects which link events (e.g. disturbance) in winter 
and spring with reproductive output in summer have been found in several bird species. 
In five populations of geese, breeding success was lower when body condition before or 
during spring staging was poor (Pink-footed Goose: MADSEN 1995; Greater Snow 
Goose: BÊTY et al. 2003; Lesser Snow Goose: ANKNEY & MACINNES 1978; Barnacle 
Goose: PROP et al. 2003; Brent Goose: EBBINGE & SPAANS 1995, GANTER et al. 1997, 
STOCK & HOFEDITZ 1997). Pink-footed Geese and Brent Geese exposed to human 
disturbance during spring staging in Norway and the Wadden Sea, respectively, showed 
poor body condition and reduced breeding success (MADSEN 1995, STOCK & HOFEDITZ 
1997). Also, after loosing habitat in reclaimed salt marshes in the Wadden Sea, 
displaced male Brent Geese were significantly less successful in breeding than control 
birds from other parts of the Wadden Sea (recalculated data from GANTER et al. 1997). 
The high connectivity between events in the annual cycle of birds was also shown by 
studies of the Mallard (KRAPU 1981) and a North American passerine, the American 
Redstart (SMITH & MOORE 2003). In the latter, early arrival of females increased the 
number of offspring (SMITH & MOORE 2005), indicating that right arrival time also affects 
breeding success. This is especially true for Arctic breeding birds, including seabirds, 
which must fit their breeding into a short period with no snow or ice. 
If it occurs in a bottleneck situation, habitat loss can have a dramatic impact on a bird 
population. On their way to their Arctic breeding area, nearly all Red Knots wintering in 
southern South America stop over at Delaware Bay on the east coast of the USA, 
where they lay on fuel for the last stage of their flight, feeding nearly exclusively on the 
eggs of the horseshoe crab (Limulus polyphemus). After only a few spring seasons of 
shortage of prey, Red Knots faced both high adult mortality and low breeding success, 
leading to a dramatic population drop to nearly half the former size within only three 
years and a high risk of extinction of this subspecies (BAKER et al. 2004). If comparable 
bottlenecks also exist in seabirds, habitat loss would have a negative impact on their 
population sizes as well. It should be noted that bottlenecks for seabirds in northern 
Europe may occur either within an annual cycle (e.g. during the winter or spring 
staging), or over the course of several annual cycles, for example when most of the 
Baltic Sea is ice-covered in severe winters and seabirds have to move to the North Sea. 
Because of the precautionary principle, the worst-case scenario where species 
completely avoid offshore wind farms and thus experience habitat loss should be taken 
into consideration. However, three open questions prevent generalisation: 
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First, it is still not known whether habituation will occur. Published results from the large 
Danish wind farms Horns Rev and Nysted cover only a short period of operation and 
thus as yet provide no information on habituation over a longer time scale. To date, 
avoidance of the Horns Rev wind farm by divers and auks was maintained during the 
second year of operation. The three-year study at the operating Tunø Knob wind farm 
overlapped strong fluctuations in both prey and bird densities; it, too cannot answer the 
question as to habituation. In an analysis of studies at terrestrial wind farms over 
several years, HÖTKER et al. (2004) found no general trend towards habituation, 
because according to the various studies, distances kept from turbines either increased 
or decreased over time. 
Second, the size of wind farms and turbines may not be representative of future 
facilities, which will be larger than those built recently. For terrestrial wind farms, 
HÖTKER et al. (2004) tested the relationship between tower height and the distance birds 
kept during the non-breeding season. In most species, they found a positive correlation, 
although this was significant in only one species (the Lapwing). Therefore, taller 
turbines may have more pronounced effects on seabirds as well. On the other hand, 
distances between the turbines will also increase with turbine size and thus may offer 
enough space to move and forage in between them. 
Third, there are indications that some of the displacements occurring in seabirds at 
operating offshore wind farms are caused by the traffic of service boats and even 
helicopters rather than by the turbines themselves (e.g. PETTERSSON 2005, PETERSEN 
2005). Unless wind farms are completely free of such traffic, it will be difficult to assign 
reactions of birds to any source of disturbance. However, it became clear from several 
observations that the turbines themselves lead to avoidance by seabirds. At least some 
surveys at Horns Rev took place during periods of reduced or even no ship traffic (see 
5.3.3). Furthermore, it was shown at the two wind farms in Kalmar Sound that flying 
Eiders are more likely to pass turbines when they are not operating (PETTERSSON 2005). 
However, the question of the respective roles of ship traffic and turbines appears to be 
negligible, since operating wind farms will always have some service and maintainance 
work. Nevertheless, future bird surveys at offshore wind farms should always include 
the monitoring of ship traffic in order to estimate its effect on seabirds. 
 


6.3 Habitat fragmentation 


Flights of seabirds can be attributed to two categories, flights between different areas 
used in an annual cycle (migration) and flights within areas (foraging flights, change of 
foraging sites, flights to roosts etc.; see below). When discussing the effects of offshore 
wind farms, these categories have to be reviewed separately. Whereas migrating 
seabirds are confronted with a wind farm only once or twice per year, frequent 
movements of seabirds within a staging area containing a wind farm bring seabirds 
close to turbines much more often (probably several times per day), and there are 
indications that birds are aware of the presence of the turbines (DIRKSEN et al. 1998c, 
TULP et al. 1999). However, knowledge about local movements of individual seabirds is 
scarce in some ways: 
It is known that all seabirds breeding at the coast or on islands and foraging offshore 
regularly fly to and from their colonies; some species do so several times a day. This is 
most pronounced during chick rearing (e.g. Gannet, NELSON 2002; Lesser Black-backed 
Gull, GARTHE et al. 1999; Sandwich Tern, PEARSON 1968; Guillemot, GRUNSKY-
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SCHÖNEBERG 1998). If wind farms present a barrier, foraging flights could last longer 
and cost more energy, and some foraging areas might become unprofitable.  
Habitat fragmentation may also affect seabirds moving back and forth within staging 
areas for any reason. Outside the breeding season, seabirds feeding on discards 
concentrate at fishing vessels (e.g. CAMPHUYSEN et al. 1995) and therefore must be as 
mobile as fishing fleets are versatile. Other species such as divers fly in order to 
compensate drift (MELTOFTE & KIØRBOE 1973, NOER et al. 2000). Land-based 
observations also indicate that especially sea ducks change foraging areas within their 
winter quarters (e.g. BERNDT & BUSCHE 1993, HELBIG et al. 1996, GARTHE et al. 2003b). 
Common Scoters passing Helgoland in different directions throughout the year 
(DIERSCHKE et al. 2005) suggest movements across the German Bight between staging 
areas in the northern and southern parts of the Wadden Sea. Such movements even 
occur during the night, as recorded at the Tunø Knob wind farm (TULP et al. 1999). More 
regular flights include those between diurnal offshore foraging sites and nocturnal roosts 
at or near land (e.g. Red-breasted Merganser, DIERSCHKE 1987; Little Gull, 
SCHIRMEISTER 2001, 2002) – or the other way round as in nocturnally foraging Greater 
Scaups and other diving ducks (DIRKSEN et al. 1998b). We have the least information on 
such flights. 
The effects of wind turbines on local movements of seabirds have been poorly 
investigated at sea, but additional information on this topic is available from coastal wind 
farms. Although migration is outside the scope of this study, the reactions of migrating 
birds may also help understand their behaviour when a wind farm is present in their 
staging or foraging area. Nevertheless, no information about their flight behaviour at 
wind farms is available for eight of the 35 German seabird species, and for some of the 
other species such information is very scarce. However, there is evidence that eight 
species commonly fly detours instead of crossing offshore wind farms (Table 18). This 
barrier effect suggests that their marine habitat can become fragmented through the 
establishment of wind farms, which would imply either higher energy costs due to 
frequent detours, or even loss of certain foraging areas, if reaching them came to be too 
energy-consuming. Interestingly, species showing avoidance during flight are the same 
as those listed in the category for habitat loss (the Velvet Scoter and the Black 
Guillemot are not mentioned, because information is lacking; Table 18). 
Detours were also noted in another four species, but it is not clear whether this is a 
common phenomenon (Fulmar) or why it only occurs sometimes (Cormorant). In the 
case of nocturnal flights of Greater Scaups and Eiders, it was observed that the degree 
of darkness affects the level of detouring (DIRKSEN et al. 1998c, TULP et al. 1999). 
During migration, nearly all Eiders seem to fly around wind farms, but local movements 
also take place between turbines (TULP et al. 1999, PETTERSSON 2002). 
Fifteen seabird species (Table 18) are known to fly through wind farms or rows of 
coastal turbines. Although for some species (e.g. Red-necked Grebe) it remains unclear 
whether this is common, most gulls and terns were observed to cross coastal wind 
farms on the way between offshore foraging areas and breeding colonies or roosts. It 
appears that these birds are familiar with the obstacles with which they are regularly 
confronted, but according to studies from Belgium and the Netherlands they still show 
avoidance behaviour (VAN DEN Bergh et al. 2001, EVERAERT 2003). Therefore, 
habituation seems to occur in breeding birds, which are more or less forced to fly 
through the wind farms. Observations from Horns Rev confirm that the same species do 
not avoid offshore wind farms. As in the section on habitat loss, the question as to 
whether habituation will ever occur among those species that have detoured around 
wind farms during the first year of operation remains open. 
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Regular detours and habitat loss due to fragmentation will have the same 
consequences as outlined in Section 4.2, i.e. reduced body condition may have an 
impact on mortality and reproduction. For Eiders detouring the single rows of turbines at 
Utgrunden and Yttre Stengrund, PETTERSSON (2005) calculated extra flight distances of 
1.2-2.9 km, equivalent to 2-4 minutes extra flight time. This is only 0.2-0.5% of the 800 
km long migratory journey in spring and autumn, but would be a larger proportion of 
smaller-scale diurnal movements. Much larger distances and times can be expected 
when Eiders and other seabirds are confronted with large wind farms several kilometres 
wide. However, it is possible that birds can compensate at least for the higher energy 
consumption by prolonging foraging time. Brent Geese were found to increase the 
duration of foraging when energy is lost due to flights caused by disturbance (STOCK & 
HOFEDITZ 1996). Such an adjustment of the time budget would appear easier for those 
seabirds which feed on a few large prey compared with those feeding on many smaller 
ones. 
 


6.4 Assessment Methods 


Until recently, commissioning of offshore wind farms presented a difficult challenge for 
the responsible authorities. Although most wind farm projects in offshore areas were 
preceded by environmental impact assessments, the impact that construction and 
operation would really have on seabirds living in the respective areas remained 
unknown. 
In a basic approach, the NERI (2000) proposed that a wind farm should not affect 
protected areas such as SPAs. It was concluded that the distance between wind farms 
and protected areas should not fall below the escape distance shown by seabirds 
towards wind turbines. Meanwhile, and especially as a result of the studies at Horns 
Rev and Nysted wind farms, such distances are roughly known for a number of seabird 
species. While no measure at all is necessary for some species, others seem to require 
a safety margin of at least 1-2 km or even more. Thus, this assessment method seems 
applicable, although once again, the question of habituation remains an open one, and 
the size of safety margins will have to be adjusted when knowledge increases. The 
NERI (2000) further proposed that annual mortality rates should not increase by more 
than 5% due to collisions with turbines. Apart from the fact that such an increase would 
be critical for some seabird species – an additive mortality rate of only 0.3% for the Red-
throated Diver or of 3% for the Herring Gull would negatively affect their population 
sizes (REBKE 2005, see also DIERSCHKE et al. 2003) – no such assessment is yet 
possible, because data on collision mortality at sea are lacking. Even for transferring 
increased mortality data to habitat loss and habitat fragmentation, this method cannot 
be applied, because density-dependent mortality and carry-over effects on reproduction 
rates have not been investigated in seabirds. 
The Scottish Natural Heritage (SNH) and the British Wind Energy Association (BWEA) 
have developed a methodology for impact assessment which combines the sensitivity of 
the seabird species occurring with the magnitude of the disturbing effects. The 
sensitivity refers to the legal status of the species (e.g. listed in Annex I of EU Birds 
Directive or cited interest of SPAs) and the proportion of the national population which 
will be affected. The magnitude of likely effects is determined by the proportion of the 
local population which will loose habitat (PERCIVAL 2001). In a matrix combining both 
factors, the significance of an impact results in “unacceptable” or “acceptable”, with 
borderline cases needing more detailed consideration (Table 19). This approach has 
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commonly been used by the German Marine and Hydrographic Agency (BSH) in the 
commissioning process for offshore wind farms in the Exclusive Economic Zone. 
However, the question as to which reference population area should be selected when 
determining the proportion of affected birds is still under discussion. Apart from this 
problem, recent results from seabird studies at operating offshore wind farms allow a 
much better assessment of the magnitude factor in this methodology. Furthermore, it is 
much better known which species must be considered, because some species 
experience no habitat loss. For those species which avoid wind farms, habitat loss can 
be estimated more precisely than before. 
 


Table 19: Matrix of magnitude and sensitivity used to determine the significance of effects (see text for 
details). Very high and high significance indicate unacceptable impacts, whereas low and very 
low stand for acceptable impacts. Medium represents borderline cases, which may require 
mitigation measures. From PERCIVAL (2001). 


SENSITIYITY 
 very high high medium low 


very high very high very high high medium 
high very high very high medium low 


medium very high high low very low 
low medium low low very low M


A
G


N
IT


U
D


E
 


negligible low very low very low very low 
 


 
An estimate of the importance of an area of sea can be the proportion of a population 
living in that area. Based on the Ramsar Convention of 1971, wetlands are of 
international importance when 1% of a biogeographical population occurs there 
regularly (at least once per year) (ATKINSON-WILLES 1972). This criterion is commonly 
applied in order to assess the importance of wetlands (e.g. HÖLZINGER et al. 1972, 
BERNDT et al. 1979, STRUWE-JUHL 2000). Although the value of 1% cannot be derived 
from population biology, it was proposed to apply this approximation be applied, too, for 
offshore areas insofar as habitat loss caused by offshore wind farms should not affect 
more than 1% of a population (DIERSCHKE et al. 2003). This criterion should be applied 
cumulatively, i.e. 1% refers either to the biogeograpic population and all offshore wind 
farms along the flyway, or to the national population and only the wind farms within the 
waters of one country (DIERSCHKE et al. 2003). Apart from which threshold level is used, 
the recent results from studies at offshore wind farms again give a much better 
impression as to which species must be addressed and how large the buffer zone 
around a wind farm should be. It should be noted that due to a high turnover of 
individuals, areas used during migration may provide refuelling resources for many 
more birds and thus a higher proportion of the respective population than indicated by 
averaged counting data. 
 
GARTHE & HÜPPOP (2004) have developed a vulnerability index for seabirds, based on 
their behaviour and status. Specific sensitivity indices (SSI) can be combined for all 
species occurring in a given area to a value representing the sensitivity of a proposed 
wind farm area (windfarm senitivity index, WSI). To calculate the SSI, each species is 
scored on a scale of 1 through 5, according to assumed interaction with wind turbines, 
for nine factors: Flight manoeuvrability; Flight altitude; Proportion of time spent flying; 
Nocturnal flight activity; Disturbance by ships/helicopters, Habitat use flexibility; Adult 
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survival rate; Biogeographical population size; and European threat/conservation status. 
The WSI includes the densities and SSIs of all species and indicates the vulnerability of 
the local seabird community to wind farms. As no factors contributing to the SSI/WSI 
are directly related to wind turbines, but only provide parameters for assessing potential 
effects, the results from recent studies at operating wind farms have not been included 
as yet. If more data becomes available, an improvement would be to consider alteration 
of flight altitude when facing offshore turbines. The only known example to date is the 
increase of flight altitude to rotor height by migrating Eiders when approaching offshore 
wind farms in the Kalmar Sound (PETTERSSON 2005), which increases collision risk 
considerably. Further updates of SSI and WSI may become necessary if certain 
parameters (e.g. population size, threat) change. However, it seems worth looking at 
the SSI values for the species and their behaviour at offshore wind farms. Although 
there is much overlap, those species which avoid wind farms have higher average SSI 
values than those which do not (Table 20). When deleting the part of the SSI referring to 
collision risk (the first four factors mentioned above), it is even clearer that the 
vulnerable species tend to avoid offshore wind farms (Table 20). Thus, the WSI can still 
give a very good impression of the vulnerability of marine areas. In future, if relevant 
data become available for all seabird species, this index could be improved by including 
factors directly related to offshore wind farms such as the degree of reluctance to 
entering wind farms or to foraging between turbines. 
 
Table 20: Specific sensitivity indices of seabirds (after GARTHE & HÜPPOP 2004) with known reaction to 


offshore wind farms. The right column gives the SSI without reference to flight behaviour. 
Higher values indicate higher vulnerability to offshore turbines. 


Species Avoidance of wind farms SSI SSI without flight (rank) 
Black-throated Diver yes 44.0 16.0 (2) 
Red-throated Diver yes 43.3 17.3 (1) 
Velvet Scoter yes 27.0 12.0 (3) 
Sandwich Tern no 25.0 10.0 (4) 
Cormorant yes/no 23.3 9.3 (5) 
Eider yes/no 20.4 8.2 (7) 
Great Black-backed Gull no 18.3 7.3 (9) 
Common Scoter yes 16.9 7.5 (8) 
Gannet yes 16.5 6.0 (13) 
Razorbill yes 15.8 9.0 (6) 
Common Tern no 15.0 6.7 (11) 
Lesser Black-backed Gull no 13.8 5.5 (15) 
Arctic Tern no 13.3 6.7 (11) 
Little Gull no 12.8 7.3 (9) 
Guillemot yes 12.0 6.0 (13) 
Herring Gull no 11.0 4.0 (16) 
Arctic Skua no 10.0 4.0 (16) 
Black-headed Gull no 7.5 3.3 (18) 
Kittiwake no 7.5 3.3 (18) 
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6.5 Cumulative Effects 


According to the definition in the United States’ National Environmental Policy Act, 
cumulative effects are “the impact on the environment which results from the 
incremental impact of an action when added to other past, present, and reasonably 
foreseeable future actions” (COUNCIL ON ENVIRONMENTAL QUALITY 1997). Therefore, 
effects of a single offshore wind farm should not be assessed in isolation from other 
actions, but rather other causes of disturbance, regardless of quality, must be 
considered. This seems reasonable for two reasons. 
First, effects from offshore wind farms on seabirds will impact their population dynamics 
as soon as mortality rates and reproduction rates are affected. However, single and 
relatively small disturbances, such as a small offshore wind farm, will fail to have 
detectable impacts on a population level in most cases, but the interaction of several 
small disturbances may do so. This applies to all kinds of possible effects combined, i.e. 
habitat lost in wind farm areas directly and habitat lost indirectly due to barrier effects 
(both influencing mortality and reproduction), as well as direct mortality from collisions. 
Second, if density-dependent mortality occurs in seabirds, it will of course be necessary 
to consider not only all habitats lost by all offshore wind farms combined which reduce 
the entire habitat available for a given species, but in addition other sources of habitat 
loss as well. For example, marine areas disturbed by sand and gravel extraction cannot 
serve as replacement habitats for seabirds displaced from wind farm areas. How 
cumulative effects on seabirds can be assessed was demonstrated by the example of 
Common Scoters in Liverpool Bay (Irish Sea), where in a total area of nearly 5000 km² 
this species faces impacts from fishery, shipping, wind farms and related cable routes, 
oil/gas platforms and related pipelines, dumping, aggregate extraction and human 
recreation (OAKWOOD ENVIRONMENTAL LTD 2002). 
 


6.6 Gaps in Knowledge and Need for Further Studies 


Although knowledge of the effects of offshore wind farms on seabirds has increased 
recently, there are still large gaps which prevent detailed assessment. First of all, 
information is very scarce or even completely lacking for a number of seabird species 
(see Table 18). Some, such as the Fulmar, shearwaters, the Gannet and skuas occur in 
the southeastern North Sea in considerable numbers only during stormy weather or 
even gales (e.g. BRUNCKHORST & MORITZ 1980, CAMPHUYSEN & VAN DIJK 1983, KRÜGER 
& GARTHE 2002, PFEIFER 2003), and no studies have been undertaken during such 
adverse conditions. This points to another shortcoming: the behaviour of seabirds at 
wind farms during periods of strong winds, which usually occur together with rain and 
strong waves, both of which reduce visibility. To date, nearly all results available from 
seabird studies at wind farms have been obtained during calm weather (CHRISTENSEN et 
al. 2003). However, some species fly more easily and more often in windy situations, as 
has been demonstrated for the Fulmar (FURNESS & BRYANT 1996). 
Most surveys of seabird distribution at wind farms have been conducted from fast-
travelling aircraft, from which the activities of seabirds could not be recorded in detail. 
Ship-based surveys are better suited for ascertaining what seabirds really do when they 
stay inside wind farms, as they allow detailed observation of foraging behaviour 
(SCHWEMMER & GARTHE 2005). A related question is whether and to which extent 
seabirds make use of the recently developed hard bottom fauna on the foundations and 
scour protection of the turbines, but also of the possibly increased fish stocks. 
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Furthermore, future studies at offshore wind farms should include large-scale monitoring 
of relevant prey species, which so far has been done only in the study at the Tunø Knob 
wind farm. This would give further insight into the habitat quality of wind farms and could 
help explain observed seabird distribution. 
However, the major gap in knowledge is that the behaviour of individual seabirds at sea 
and their interactive processes are quite unkown. Further studies will inevitably have to 
address the general biology of seabirds, i.e. their food and habitat requirements when 
living at sea, but also movements within their offshore habitats. The goal must be an 
understanding of density effects, which is the only possible approach to assessing the 
impact on population dynamics. With this information, it would be much easier to 
determine species-specific threshold levels to be used in environmental impact 
assessments, not only with respect to offshore wind farms, but also when looking at 
other impacts from human activities. Another factor acting on the population dynamics 
of seabirds, direct mortality from collision, still needs much more attention. 
Unfortunately, an applicable method is still in its infancy (DESHOLM 2003). 
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7 Conclusions 


According to the results of the seabird studies at operating offshore wind farms, it would 
appear that the species living in German waters behave differently when confronted 
with wind farms. There are several species, which actively avoid offshore turbines, 
including at least two species listed in Annex I of the EU Birds Directive (Red-throated 
Diver and Black-throated Diver), and two more species, the Common Scoter and the 
Velvet Scoter, of which high proportions of the biogeographic population overwinter in 
German waters (GARTHE 2003). In addition, the lack of avoidance behaviour in other 
species basically brings them into risk of collision. This also applies to Annex I species 
(Little Gull and four species of tern). In some other species, the construction of turbines 
at sea will probably cause no major problems, at least in terms of habitat loss or habitat 
fragmentation. 
Unless possible effects of habituation are understood well, the precautionary principle 
should be applied when assessing possible impacts of wind farms. Moreover, since 
wind farms and other technical impacts already exist or are planned along many of the 
flyways of the respective species, replacement habitats are not always available. 
Therefore, cumulative effects must be considered as well, because several smaller 
effects would add up to impacts on entire populations. However, much better knowledge 
of density effects at sea is urgently required to permit an appropriate assessment of 
such impacts on population size. Therefore, apart from studies of effects taking place 
directly at the wind farms, much more basic investigation into processes acting within 
overwintering seabird communities as well as the individual behaviour of seabirds at 
sea are strongly recommended. 
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APPENDIX I 


Systematic list of species mentioned in this report (English name – scientific name – German name) 


Red-throated Diver – Gavia stellata – Sterntaucher 
Black-throated Diver – Gavia arctica – Prachttaucher 
Red-necked Grebe – Podiceps grisegena – Rothalstaucher 
Great Crested Grebe – Podiceps cristatus – Haubentaucher 
Slavonian Grebe – Podiceps auritus – Ohrentaucher 
(Northern) Fulmar – Fulmarus glacialis – Eissturmvogel 
Sooty Shearwater – Puffinus griseus – Dunkler Sturmtaucher 
Storm Petrel – Hydrobates pelagicus – Sturmschwalbe 
Leach’s Storm-petrel – Oceanodrom leucorhoa – Wellenläufer 
(Northern) Gannet – Morus bassanus – Basstölpel 
(Great) Cormorant – Phalacrocorax carbo – Kormoran 
(European) Shag – Phalacrocorax aristotelis – Krähenscharbe 
Pink-footed Goose – Anser brachyrhynchus – Kurzschnabelgans 
Snow Goose – Anser caerulescens – Schneegans 
Barnacle Goose – Branta leucopsis - Weißwangengans 
Brent Goose – Branta bernicla – Ringelgans 
Shelduck – Tadorna tadorna - Brandgans 
Gadwall – Anas strepera – Schnatterente 
(Eurasian) Teal – Anas crecca - Krickente 
Mallard – Anas platyrhynchos – Stockente 
(Northern) Shoveler – Anas clypeata – Löffelente 
Pochard – Aythya ferina – Tafelente 
Tufted Duck – Aythya fuligula – Reiherente 
Greater Scaup – Aythya marila – Bergente 
(Common) Eider – Somateria mollissima – Eiderente 
Long-tailed Duck – Clangula hyemalis – Eisente 
Common Scoter – Melanitta nigra – Trauerente 
Velvet Scoter – Melanitta fusca – Samtente 
Red-breasted Merganser – Mergus serrator – Mittelsäger 
(Northern) Lapwing – Vanellus vanellus – Kiebitz 
Red Knot – Calidris canutus – Knutt 
Pomarine Skua – Stercorarius pomarinus – Spatelraubmöwe 
Arctic Skua – Stercorarius parasiticus – Schmarotzerraubmöwe 
Great Skua – Catharacta skua – Skua 
Little Gull – Larus minutus – Zwergmöwe 
Black-headed Gull – Larus ridibundus – Lachmöwe 
Common Gull – Larus canus – Sturmmöwe 
Lesser Black-backed Gull – Larus fuscus – Heringsmöwe 
Herring Gull – Larus argentatus – Silbermöwe 
Great Black-backed Gull – Larus marinus – Mantelmöwe 
Sabine’s Gull – Xema sabini – Schwalbenmöwe 
(Black-legged) Kittiwake – Rissa tridactyla – Dreizehenmöwe 
Caspian Tern – Sterna caspia – Raubseeschwalbe 
Sandwich Tern – Sterna sandvicensis – Brandseeschwalbe 
Little Tern – Sterna albifrons - Zwergseeschwalbe 
Common Tern – Sterna hirundo – Flussseeschwalbe 
Arctic Tern – Sterna paradisaea – Küstenseeschwalbe 
Black Tern – Chlidonias niger – Trauerseeschwalbe 
(Common) Guillemot – Uria aalge – Trottellumme 
Razorbill – Alca torda – Tordalk 
Black Guillemot – Cepphus grylle – Gryllteiste 
Little Auk – Alle alle – Krabbentaucher 
Puffin – Fratercula arctica – Papageitaucher 
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Summary


1. Marine wind farms have attracted substantial public interest. The construction of
wind facilities offshore may become Europe’s most extensive technical development in
marine habitats. Due to political pressure to complete construction soon, assessments
of possible wind farm locations, for example in the German sectors of the North Sea
and Baltic Sea, have to be based on existing knowledge.
2. In this study, we developed a wind farm sensitivity index (WSI) for seabirds. We
applied this index to the Exclusive Economic Zone and the national waters of Germany
in the North Sea. We chose nine factors, derived from species’ attributes, to be included
in the WSI: flight manoeuvrability; flight altitude; percentage of time flying; nocturnal
flight activity; sensitivity towards disturbance by ship and helicopter traffic; flexibility
in habitat use; biogeographical population size; adult survival rate; and European
threat and conservation status. Each factor was scored on a 5-point scale from 1 (low
vulnerability of seabirds) to 5 (high vulnerability of seabirds). Five of these factors could
be dealt with by real data but four could only be assessed by subjective considerations
based on at-sea experience; in the latter cases, suggestions of the first author were inde-
pendently modulated by experts.
3. Species differed greatly in their sensitivity index (SSI). Black-throated diver Gavia
arctica and red-throated diver Gavia stellata ranked highest (= most sensitive), followed by
velvet scoter Melanitta fusca, sandwich tern Sterna sandvicensis and great cormorant
Phalacrocorax carbo. The lowest values were recorded for black-legged kittiwake Rissa
tridactyla, black-headed gull Larus ridibundus and northern fulmar Fulmarus glacialis.
4. A WSI score for areas of  the North Sea and Baltic Sea was calculated from the
species-specific sensitivity index values. Coastal waters in the south-eastern North Sea
had values indicating greater vulnerability than waters further offshore throughout the
whole year.
5. Derived from the frequency distribution of the WSI, we suggest a ‘level of concern’
and a ‘level of major concern’ that are visualized spatially and could act as a basis for the
selection of marine wind farm locations.
6. Synthesis and applications. The wind farm sensitivity index might be useful in strategic
environmental impact assessments (EIA). Results of small-scale EIA from wind instal-
lations should be considered within a more global perspective, provided, for example, by
large mapping projects and detailed behavioural studies. This is difficult in normal EIA,
particularly in highly dynamic coastal/marine habitats, and the results of this study fill
an important gap by providing information on the potential sensitivity of seabirds and
the importance of locations of wind installations.
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Introduction


The first wind farms at sea were established in the early
1990s, off  Denmark and Sweden (Larsson 1994). There
are now at least nine operational marine wind farms in
Europe, as well as proposals to build many more around
the UK and off  Germany and Denmark (Anonymous
2000a,b, 2001, 2002; ICES 2003). Plans for marine
wind farms indicate that each may consist of up to 1000
turbines, extending as far offshore as 100 km, and in
waters up to 40 m deep (Anonymous 2002). Within north-
west Europe, there are in total about 260–270 turbines
in existing marine wind farms (as of December 2003,
http://www.offshorewindenergy.org/) but many thou-
sands are planned for construction in the next few years
(Hüppop, Exo & Garthe 2002; ICES 2002). According
to the current development plan for the German parts
of the North and Baltic Seas, marine wind farms will
require an area of 13 000 km2 between 2002 and 2030
(BMU 2001). The UK has recently issued licenses for
the development of about 40 marine wind farms in its
waters. Thus, erection of wind facilities offshore may
become Europe’s most extensive technical development
in marine habitats (Merck & von Nordheim 2000).


With so few wind farms established in the sea to date,
there is very limited information on their effects on the
marine environment (Merck & von Nordheim 2000;
ICES 2002) and none on marine sites located more
than 10–20 km from the coast. As applications for off-
shore wind farm construction will be decided in many
locations before comprehensive, medium- to large-scale,
ecological studies on the status of marine wildlife are
completed, predicted effects have to be based on limited
current knowledge. This should include conclusions
from studies of wind farms on land, from the few inshore
wind farms and from knowledge of the spatiotemporal
patterns of abundance of organisms at sea that might
be at risk.


Birds are assumed to be among the taxa affected
most heavily by wind farms. Studies on land, and the
first results from marine sites, suggest that both birds
on migration and those resting or foraging locally may
be affected (Barrios & Rodríguez 2004). At sea, this
therefore includes both migrating birds, from the smallest
songbirds to large birds such as cranes and birds of prey,
and seabirds during their local movements (Anonymous
2000b; Garthe 2000; Exo, Hüppop & Garthe 2003;
Hüppop, Exo & Garthe 2002). From extensive studies
of seabirds at sea over the past 20 years, the distribu-
tion and abundance of  seabirds in the North Sea is
well-known over large and medium scales. Available
data can therefore advise the site selection of wind farm
locations. However, different habits and activities of
birds at sea have to be taken into account. For example,
species flying frequently at altitudes of 50–200 m a.s.l.
are much more vulnerable to wind turbines than
species that swim most of the time. However, there are
many effects to be considered in addition to direct
collisions.


In order to assess the possible impacts on seabirds of
a range of factors, several indices have been applied in
recent years, for example with regard to oil pollution
(King & Sanger 1979; Williams et al. 1994) and the san-
deel fishery (Furness & Tasker 2000). One of the indices
of vulnerability to oil pollution has been applied to the
whole North Sea, separating areas of high and low vulner-
ability for seabirds over the year (Carter et al. 1993).
While the lack of long-term data, the inability to infer
causality from monitoring studies and the limited spa-
tial and temporal scales of experimental studies make
such indices difficult to derive with confidence, more
are required (Forde 2002). Debate on the effects of human
activities on wildlife necessitates risk and impact assess-
ments (Stillman et al. 2001) even where the database
might be poor (Tuck et al. 2001).


In this study, we developed a wind farm sensitivity
index (WSI) for seabirds. In terms of rationale and
methodology, this index follows those of Williams et al.
(1994) and Furness & Tasker (2000). We applied this
index to the Exclusive Economic Zone and national
waters of Germany in the North Sea. This area was
selected for three reasons. First, there has not been any
governmental advice prior to the beginning of the plan-
ning process (as was the case in Denmark, for example;
Anonymous 1996) so site selection by the applicants
might not have taken into account all of the important
environmental issues. Secondly, there is an urgent need
to evaluate risks in this area, in which 24 project appli-
cations comprising more than 11 000 single turbines were
in place as of January 2003 (in the Exclusive Economic
Zone). Thirdly, due to the complex geomorphology
and hydrography under the existing intensive human
usage (e.g. shipping lanes), a small- and medium-scale
environmental assessment is urgently needed as a solid
basis for future licensing.


Methods


 


We chose nine different factors, derived from species’
attributes, to be included in the WSI, all taking into
account the risks of seabirds colliding with wind turbines
and/or being disturbed by wind farms. Each factor was
scored on a 5-point scale from 1 (low vulnerability to
seabirds) to 5 (high vulnerability to seabirds). Five of
these factors could be based on real data, four could
only be assessed by subjective considerations based on
at-sea experience. In the latter cases, our suggestions
were sent for independent evaluation by 10 experts per
factor. The experts were chosen according to their
experience (e.g. in ship-based and aerial seabird surveys)
from a total of eight national and five international
experts (listed in the Acknowledgements). Following
Furness & Tasker (2000), we made changes if two or more
experts suggested alterations to the original categor-
ization in the same direction. The nine factors included
are outlined below.
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(a) Flight manoeuvrability


This factor took into account flight properties with
regard to the potential to avoid collision with wind farms
at sea. It was assessed subjectively, based on extensive
field experience, and was modulated by experts as
described above. Species were ranked from a very high
flight manoeuvrability (score 1) to low flight mano-
euvrability (score 5). A fast-flying, relatively heavy species
such as the common guillemot Uria aalge (Pontoppidan)
is thus considered much more vulnerable compared
with a very agile species such as the Arctic tern Sterna
paradisaea Pontoppidan, which is assumed to be able
to escape wind turbines much better.


(b) Flight altitude


This factor was based on flight altitude assessments made
during regular seabirds at sea surveys (see Distributional
data). Flight altitudes were estimated using binoculars,
distance meters and comparative height measures on
the ships according to the following height classes: 1,
0–5 m; 2, 5–10 m; 3, 10–20 m; 4, 20–50 m; 5, 50–100 m;
6, > 100 m. A further separation of high flight altitudes
was not useful. Flight altitude data were converted to a
5-point scale by using two different percentiles of the
flight altitude data distributions, the median (= 50 per-
centile) and 90 percentile. The 90 percentile was chosen
in addition to the median to take into account the few
birds that flew high (i.e. 90% of the birds flew in the same
or lower height classes, 10% of the birds flew in the same
or upper height classes). The scores were classified as
follows: 1, height class 1 for the median; 2, height class
2 for the median; 3–5, height class 3 for the median but
the 90 percentile differed, score 3 had height classes < 5
for the 90 percentile, score 4 height class 5 for the 90
percentile and score 5 height class 6 for the 90 percentile.


(c) Percentage of time flying


The percentage of time flying was obtained from sea-
birds at sea counts, with numbers of swimming birds
corrected for individuals overlooked at larger distances
(see below). Species were scored 1 if  0–20% of the indi-
viduals in the transect were flying, 2 if  21–40% in the
transect were flying, 3 if  41–60%, 4 if  61–80% and 5 if
81–100% of the individuals in the transect were flying.


(d) Nocturnal flight activity


Nocturnal flight activity could not be quantified by real
data and was thus classified subjectively from 1 (hardly
any flight activity at night) to 5 (much flight activity at
night). Information for this classification was taken from
comprehensive handbooks such as Glutz von Blotzheim
& Bauer (1982) and Cramp & Simmons (1983). Field
experience as well as personal observations were also
used (Garthe & Hüppop 1996). Our classification was
subsequently modulated by experts as indicated above.


(e) Disturbance by ship and helicopter traffic


Species react differently to the ship and helicopter traffic
that occurs during the construction and maintenance
of wind farms. Such behaviour might also give an indi-
cation of the general behaviour of birds towards dis-
turbances. Due to the paucity of data, this factor was
scored subjectively from 1 (hardly any escape/avoidance
behaviour and/or none/very low fleeing distance) to 5
(strong escape/avoidance behaviour and/or large fleeing
distance) and classifications were modulated by experts.
Our scores resulted from extensive surveys at sea from
boats, where the reactions of birds to the approaching
platform were experienced constantly. Also, species’
reactions to counts from aerial surveys (low-flying
aeroplanes) as well as to over-flying aeroplanes and
helicopters in coastal areas were used.


(f) Flexibility in habitat use


Habitats at sea are often defined by hydrographic char-
acteristics. Because these hydrographic characteristics,
e.g. water masses and fronts, depend on wind direction
and speed as well as tidal stage, they often vary in loca-
tion and may shift over many tens of kilometres. This
factor scored the flexibility in habitat use of the different
species. It could only partially be based on real data,
such as published in Garthe (1997) and Skov & Prins
(2001). Thus, in addition, unpublished data on seabird–
habitat relationships were analysed. We scored this factor
from 1 (very flexible in habitat use) to 5 (reliant on spe-
cific habitat characteristics) based on the information
sources listed above. Species scored low were those
occupying large sea areas with no specific habitat
preference (e.g. lesser black-backed gull Larus fuscus
Linnaeus), while species that scored high were those
relying on specific habitat features (e.g. sea ducks
occurring over bivalve banks on shallow grounds). Our
classifications were again modulated by experts.


(g) Biogeographical population size


This factor was scored according to the respective bio-
geographical population size of each species. Population
sizes were taken, if  available, from either Rose & Scott
(1997) or by collating area-specific data species by spe-
cies from Lloyd, Tasker & Partridge (1991). Score 1 was
given for population sizes exceeding 3 million indi-
viduals; score 2 for > 1 million up to 3 million individuals;
score 3 for > 500 000 up to 1 million individuals; score
4 for > 100 000 up to 500 000 individuals; and score 5
for less than 100 000 individuals.


(h) Adult survival rate


As additional mortality due to collisions affects species
with high annual survival rates more than species with
low survival rates, we included this factor. A score of 1 was
given if  the annual survival rate ≤ 0·75; 2, > 0·75–0·80;
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3, > 0·80–0·85; 4, > 0·85–0·90; 5, > 0·90. For survival
rates see Table 1. Due to a lack of data, for red-necked
grebe Podiceps grisegena (Boddaert), velvet scoter Mela-
nitta fusca (Linnaeus), little gull Larus minutus Pallas,
sandwich tern Sterna sandvicensis Latham and black
tern Chlidonias niger (Linnaeus), values from closely
related species had to be taken.


(i) European threat and conservation status


This factor reflected both threat and conservation sta-
tus of the species in Europe as given by Tucker & Heath
(1994). Species were scored 1 if  the threat status was
‘secure’ and no species of European concern (SPEC)
status given. A score of  2 was given for species with
a threat status of  ‘secure’ but a SPEC status of  4
(species whose global populations are concentrated in
Europe). Species judged ‘localized’ for threat status were
scored 3, those listed as ‘declining’ 4 and those judged
‘vulnerable’ 5.


  


We organized the nine vulnerability factors into three
groups, comprising (A) flight behaviour (factors a–d),
(B) general behaviour (factors e–f) and (C) status (factors
g–i). For each group, an average score of the respective
factors was calculated. These average scores were sub-
sequently multiplied by each other to give the species-
specific sensitivity index (SSI) for each species:


 


Distribution at sea was assessed by counts from boats
following the methods of Tasker et al. (1984), Webb &
Durinck (1992) and Garthe, Hüppop & Weichler (2002).
Transects were always 300 m wide and were set to one
or both sides of the vessels. Because some birds were
overlooked in the outer areas of the transect, the den-
sity of swimming birds was corrected using the values
provided by Stone et al. (1995). For grebes, being quite
rare in North Sea waters and not dealt with by Stone
et al. (1995), we used a correction factor of 1·3 based on
our own, more extensive, data sets from the western
Baltic Sea. The density of flying birds was not corrected,
assuming that flying birds were recorded more or less
completely within the transects (Stone et al. 1995;
Garthe 1997). Data originated from the European Sea-
birds at Sea Database version 3.0 (July 2002) and the
German Seabirds at Sea Database version 3.06 (April
2003). Databases are described in Stone et al. (1995)
and Garthe, Hüppop & Weichler (2002).


 


Seabird vulnerability to offshore wind farms is pre-
sented in maps with grids of 6′ latitude × 10′ longitude
each, amounting to a total grid size of c. 120 km2. Only
data collected under good detectability conditions (in


Table 1. Annual adult survival rates of the bird species involved in the index
 


 


Species name (English) Species name (scientific) Annual adult survival Source


Red-throated diver Gavia stellata 0·84 Hemmingsson & Eriksson (2002)
Black-throated diver Gavia arctica 0·85 Nilsson (1977), Hemmingss on & Eriksson (2002)
Great crested grebe Podiceps cristatus 0·7 Fuchs (1982)
Red-necked grebe Podiceps grisegena 0·7 Estimate
Northern fulmar Fulmarus glacialis 0·986 del Hoyo, Elliott & Sargatal (1992)
Northern gannet Morus bassanus 0·94 del Hoyo, Elliott & Sargatal (1992)
Great cormorant Phalacrocorax carbo 0·84 Krementz, Sauer & Nichols (1989)
Common eider Somateria mollissima 0·895 Krementz, Barker & Nichols (1997)
Black scoter Melanitta nigra 0·773 Krementz , Barker & Nichols (1997)
Velvet scoter Melanitta fusca 0·77 Estimate
Arctic skua Stercorarius parasiticus 0·84 del Hoyo, Elliott & Sargatal (1996)
Great skua Catharacta skua 0·90 del Hoyo, Elliott & Sargatal (1996)
Little gull Larus minutus 0·80 Estimate
Black-headed gull Larus ridibundus 0·825 Glutz von Blotzheim & Bauer (1982)
Mew gull Larus canus 0·80 Glutz von Blotzheim & Bauer (1982)
Lesser black-backed gull Larus fuscus 0·93 Wanless et al. (1996)
Herring gull Larus argentatus 0·93 Glutz von Blotzheim & Bauer (1982)
Great black-backed gull Larus marinus 0·93 Glutz von Blotzheim & Bauer (1982)
Black-legged kittiwake Rissa tridactyla 0·81 del Hoyo, Elliott & Sargatal (1996)
Sandwich tern Sterna sandvicensis 0·88 Estimate
Common tern Sterna hirundo 0·88 del Hoyo, Elliott & Sargatal (1996)
Arctic tern Sterna paradiasea 0·875 del Hoyo, Elliott & Sargatal (1996)
Black tern Chlidonias niger 0·88 Estimate
Common guillemot Uria aalge 0·885 del Hoyo, Elliott & Sargatal (1996)
Razorbill Alca torda 0·905 del Hoyo, Elliott & Sargatal (1996)
Atlantic puffin Fratercula arctica  0·95 del Hoyo, Elliott & Sargatal (1996)
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sea states 0–4; Garthe, Hüppop & Weichler 2002) from
January 1993 to May 2003 were used for analyses. Data
were summarized per season: summer = June–August,
autumn = September–November, winter = December–
February, spring = March–May. Coverage was not equal
across the study area. Thus, data were corrected for dif-
ferent survey effort: for each species, the density per grid
cell was obtained by dividing the sum of individuals
recorded in the transect by the total transect area covered
by cruises. To reduce bias due to only short visits to some
grid cells, all grid cells with less than 1 km2 covered
were excluded. For each grid cell with sufficient data,
the vulnerability was determined as:


WSI = ∑species (ln (densityspecies + 1) × SSIspecies)


Thus, for each species, the respective SSI value was
multiplied with the natural logarithm of its density (+1,
to avoid undefined values) and subsequently summed
over all species.


We also defined three levels for a final evaluation of the
area under investigation. The levels were established
with the following considerations. The median divides
the whole sample into two equally large parts, i.e. half
of  the grid cells have a WSI larger than the ‘average’.
By definition these are the areas with a wind farm vulner-
ability higher than the average. To end up with a more
conservative estimate for areas of ‘concern’ we decided to
use the 60 percentile rather than the 50 percentile (=


median). Accordingly we assumed a ‘level of  major
concern’ for the fifth of all grid cells with the highest
WSI indices.


    


In order to verify how the WSI might be affected by
inaccurate scores for any of the nine factors listed above,
a sensitivity analysis was carried out. We chose three
species, one with a high SSI, one with a medium SSI
and one with a low SSI. Randomly, each score for any
of the eight factors was altered. In a first run, the scores
were altered either by upgrading or downgrading them
by 1 (determined by random and only if  applicable, e.g.
score 5 could not be increased and thus remained). In a
second run, the scores were altered either by upgrading
or downgrading them by 2 (again determined randomly
and only to the extent possible).


Results


 


The species had strongly differing sensitivity index values
(Table 2). Black-throated diver Gavia arctica (Linnaeus)
and red-throated diver Gavia stellata (Pontoppidan)
ranked highest (i.e. were most sensitive), followed by
velvet scoter, sandwich tern and great cormorant Pha-
lacrocorax carbo (Linnaeus). The lowest SSI values were


Table 2. Score of the nine vulnerability factors and the resulting species sensitivity index (SSI) values for each of the 26 seabird species. For details see text
 


Bird species
Flight 
manoeuvrability


Flight 
altitude


% 
flying


Nocturnal 
flight 
activity


Disturbance 
by ship and 
helicopter 
traffic


Habitat 
use 
flexibility


Biogeographical 
population 
size


Adult 
survival 
rate


European 
threat and 
conservation 
status SSI


Black-throated diver 5 2 3 1 4 4 4 3 5 44·0
Red-throated diver 5 2 2 1 4 4 5 3 5 43·3
Velvet scoter 3 1 2 3 5 4 3 2 3 27·0
Sandwich tern 1 3 5 1 2 3 4 4 4 25·0
Great cormorant 4 1 4 1 4 3 4 3 1 23·3
Common eider 4 1 2 3 3 4 2 4 1 20·4
Great crested grebe 4 2 3 2 3 4 4 1 1 19·3
Red-necked grebe 4 2 1 1 3 5 5 1 1 18·7
Great black-backed gull 2 3 2 3 2 2 4 5 2 18·3
Black tern 1 1 4 1 2 3 4 4 4 17·5
Common scoter 3 1 2 3 5 4 2 2 1 16·9
Northern gannet 3 3 3 2 2 1 4 5 3 16·5
Razorbill 4 1 1 1 3 3 2 5 2 15·8
Atlantic puffin 3 1 1 1 2 3 2 5 5 15·0
Common tern 1 2 5 1 2 3 3 4 1 15·0
Lesser black-backed gull 1 4 2 3 2 1 4 5 2 13·8
Arctic tern 1 1 5 1 2 3 3 4 1 13·3
Little gull 1 1 3 2 1 3 5 2 4 12·8
Great skua 1 3 4 1 1 2 5 4 2 12·4
Common guillemot 4 1 1 2 3 3 1 4 1 12·0
Mew gull 1 3 2 3 2 2 2 2 4 12·0
Herring gull 2 4 2 3 2 1 2 5 1 11·0
Arctic skua 1 3 5 1 1 2 4 3 1 10·0
Black-headed gull 1 5 1 2 2 2 1 3 1 7·5
Black-legged kittiwake 1 2 3 3 2 2 1 3 1 7·5
Northern fulmar 3 1 2 4 1 1 1 5 1 5·8
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calculated for black-legged kittiwake Rissa tridactyla
(Linnaeus), black-headed gull Larus ridibundus Linnaeus
and northern fulmar Fulmarus glacialis (Linnaeus).


Sensitivity analyses for the three species selected resulted
in moderate deviation when the scores where randomly
altered by 1 (mean of 10 runs per species). The SSI for red-
throated diver changed from 43·3 to 44·8, the SSI for
common eider Somateria mollissima (Linnaeus) from 20·4
to 23·0 and that for black-headed gull from 7·5 to 10·0.
When the scores were randomly altered by 2, the changes
were more pronounced (mean of 10 runs per species).
The SSI for red-throated diver was reduced from 43·3
to 24·4, the SSI for common eider increased from 20·4
to 30·3 and that for black-headed gull from 7·5 to 16·4.


  


Throughout the whole year, WSI values in coastal
waters of the south-eastern North Sea were considerably
higher than those of waters further offshore. Focusing


on the German sector, the coastal zone had consistently
moderate to high WSI values in summer (Fig. 1). The
area around Helgoland showed some moderate values
whereas vulnerabilities further offshore were low.
In autumn, WSI values were generally lower than in
summer, but a number of coastal sites reached moderate
to high vulnerabilities (Fig. 2). Some offshore areas
gained importance compared with summer because
species’ distributions were less confined to breeding sites
so that they were more widely distributed. Also, autumn
migration certainly created higher densities in areas far
away from the coast. In winter, the south-easternmost
part of the German Bight was less vulnerable than in
summer and autumn (Fig. 3). Nevertheless, it was obvious
that WSI values in the coastal zone in winter were usu-
ally moderate to high whereas the values far away from
the coast were low or very low. In spring, vulnerabilities
were again quite high in most areas of the coastal zone
but were also moderate to high in areas up to 70–80 km
off the northern part of the German coast (Fig. 4).


Fig. 1. Spatial distribution of the wind farm sensitivity index (WSI) values (all seabird species combined) in the south-eastern
North Sea in summer (June–August) 1993–2002. For assumptions and calculations see text.
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Discussion


   


Five factors incorporated into the WSI were based on
real data but this was not possible for the remaining


four factors. We therefore decided to assess these fac-
tors subjectively based on at-sea experience. Experts
then evaluated our initial scores by reading and con-
sidering our values presented on a list, based on their
own experiences related to that topic. Such a procedure,
called the Delphi technique, has been applied broadly


Fig. 2. Spatial distribution of the wind farm sensitivity index (WSI) values (all seabird species combined) in the south-eastern
North Sea in autumn (September–November) 1993–2002. For assumptions and calculations see text.


Fig. 3. Spatial distribution of the wind farm sensitivity index (WSI) values (all seabird species combined) in the south-eastern
North Sea in winter (December–February) 1993–2003. For assumptions and calculations see text.
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before, for example in habitat suitability indices of the
US Fish and Wildlife Service (Crance 1987). Recently
Cowling et al. (2003) compared an expert-based and a
systematic algorithm-based approach to identifying
priority areas for conservation in the Cape Floristic
Region. They concluded that ‘rather than emphasize
the dichotomy between expert and systematic approaches,
conservation planners should devise ways of integrat-
ing them’. Although not without difficulties, these data
based on expert judgement are currently the best available.


In general, indices depend strongly on the factors
selected and the way they are weighed against each
other. The WSI proposed in this paper is no exception
in this respect. Nevertheless, there are at least four rea-
sons why this index seems to be well-suited to fulfil the
urgent need to assess the vulnerability of all seabirds
that occur in a large area. First, the final SSI values show
substantial differences between the species. Hence, the
WSI combines numerical abundance data with evalu-
ations of the sensitivity and importance of the different
species. Secondly, not too many alterations were required
on the basis of  the evaluations made by national and
international experts (four changes for flight mano-
euvrability, nine changes for nocturnal flight activity, 18
changes for disturbance by ship and helicopter traffic
and 15 changes for habitat use flexibility), suggesting
that the species-specific scores for each vulnerability
factor were well chosen. Interestingly, it has been shown
by morphometric measurements and behavioural observa-
tions in the literature (Verbeek 1977; Camphuysen
1995) that lesser black-backed gulls have a higher flight
manoeuvrability than herring gulls Larus argentatus


Pontoppidan, providing an example of how accurate
our expert judgement system was. Thirdly, sensitivity
analyses showed that minor changes in the scores did
not affect the SSI much, although major changes may
do so. Fourthly, the spatial representation of the WSI
values fits well with previous evaluations of the location
of important bird areas (Skov et al. 1995).


    



In the German Bight, seabird vulnerability towards
wind farms seems to be a function of distance to the
coast. The highest values were found relatively close to
the coast and lowest values (very) far from the shore.
However, there are differences between the two coasts.
North of the East Frisian Islands (the southern part of
the German sector), the values decrease at much shorter
distances from the coast than they do west of the North
Frisian Islands (in the eastern part of the German sector).
These patterns originate from the density distribution
of all species, with a bias towards those species that are
ranked high in the SSI and with less emphasis towards
species having a low SSI. However, in no case did high
densities of a single species create very high WSI values.
Thus, the vulnerability maps are more a summary of all
species contributing to the final WSI value to a different
degree. Species’ attributes do not exhibit much varia-
tion over the study area so that they contribute primarily
via the input factors for the SSI. Thus, spatial variation
of the WSI values is basically a reflection of summarized
species’ density distributions.


Fig. 4. Spatial distribution of the wind farm sensitivity index (WSI) values (all seabird species combined) in the south-eastern
North Sea in spring (March–May) 1993–2003. For assumptions and calculations see text.
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From the average frequency distribution of the WSI
values over the four seasons (Fig. 5) it is apparent that
most areas do not hold important concentrations of
seabirds and thus do not appear particularly vulnerable
to marine wind farm construction. However, there is no
doubt that some areas have high to very high WSI values
and hence are unsuited for such constructions. We
suggest a level of concern set at the 60 percentile of the
average frequency distribution (= WSI of 24) and a level
of major concern set at the 80 percentile (= WSI of 43).


Wind farms operate the whole year round. Threats
might therefore also be important even if they only affect
species in a single season. Thus, spatial information from


Figs 1–4 has been compiled for the whole year. The
values of the most important season per grid cell are
visualized spatially in Fig. 6 in relation to the levels of
concern discussed above.


  


This index has been developed primarily for marine
wind farm site selection purposes and comparative
area assessments. It might be a useful tool for strategic
environmental impact assessments (EIA). However, it
cannot substitute for proper, detailed EIA, which usu-
ally only cover small areas over a limited time period


Fig. 5. Average frequency distribution (in percentage) of the WSI values in the German sector of the North Sea. The values were
obtained by calculating means per size class over the fours seasons presented in Figs 1–4.


Fig. 6. Areas in the German sector of the North Sea where wind energy utilization is considered to be of ‘no (less) concern’,
‘concern’ or ‘major concern’. Areas not studied in at least one of the seasons are left blank.
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(BSH 2003). Results from such small-scale EIA should
therefore be set into a more global perspective, provided,
for example, by large mapping projects and detailed
behavioural studies. Because this is without doubt dif-
ficult in normal EIA, particularly in highly dynamic
coastal /marine habitats, this study aims to fill this gap
by providing comprehensive and up-to-date background
information.
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EXECUTIVE SUMMARY 

 

1. The selection of appropriate avoidance rates for use in collision risk models at offshore 
windfarms is often a key part of the Environmental Impact Assessment process. Ideally, 
these avoidance rates should reflect the behavioural responses of birds to turbines. 
However, they are often used as a ‘fudge-factor’ to incorporate aspects of model error. The 
situation is further complicated by a lack of data for marine birds and offshore windfarms. As 
a consequence, present guidance is based on values that have been derived for terrestrial 
species at onshore windfarms. This study reviewed data that have been collected from 
offshore windfarms and consider how they can be used to derive appropriate avoidance 
rates for use in the offshore environment. Aims of the study were five-fold: 
 

• To produce definitions for the types and scales of avoidance; 
• To review current use of avoidance rates; 
• To review and critique existing avoidance behaviour studies and any derived rates; 
• To provide summary avoidance rates and a total avoidance rate for each priority 

species/species group based on the evidence available at present; 
• To undertake an assessment of the sensitivity of the conclusions reached to inputs 

and conditions under which they were collected. 
 

The study focussed on five priority species – northern gannet, black-legged kittiwake, lesser 
black-backed gull, herring gull and great black-backed gull – whose behaviour and 
distribution make them particularly prone to collision with offshore turbines.  

 
 Definitions (section 3) 

 
2. A key hurdle to defining appropriate avoidance rates for use in the offshore environment 

has been a lack of clear, agreed definitions of avoidance behaviour. Therefore, the first step 
of this review was to define the different scales at which avoidance behaviour may occur. 
Three categories of behaviour were initially defined – macro-, meso- and micro. Micro-
avoidance refers to ‘last-second action taken to avoid collision, which is considered to occur 
within 10 m of the turbine rotor blades. Meso-responses reflect all responses to individual 
turbines occurring between the base of each turbine and the windfarm perimeter (defined 
as 500 m from the base of the outermost turbines). Macro-responses reflect all behavioural 
responses to the presence of the windfarm that occur at distances greater than 500 m from 
the base of the outermost turbines.  Avoidance rates are typically derived by comparing 
observed collision rates to the number of collisions that would be expected in the absence of 
avoidance behaviour, considering all bird movements within the perimeter of the windfarm. 
Consequently, calculations do not usually consider whether any avoidance action takes place 
at the meso- or micro-scale. It was thus also necessary to consider a fourth category, within-
windfarm avoidance, which combines micro-avoidance and meso-responses.  

 
Current use of avoidance rates (section 4) 

 
3.  The avoidance rates used collision risk models have shown substantial variation over time. 

Initially, very high values, often based on incorrect interpretations of data, were used. Since 
the earliest environmental impact assessments, there has been a broad tendency to follow 
standard guidance with avoidance rates of 0.95 and more, recently, 0.98 used. However, in 
light of recent evidence from both on- and offshore windfarms these values are coming 
under increasing scrutiny from developers and their consultants.  
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Macro-responses (section 5.1) 

 
4. As with micro-avoidance and meso-responses, the evidence for macro-responses to the 

presence of a windfarm was typically inconsistent for gulls. Studies designed to look at 
potential displacement effects reported both evidence for attraction and for displacement 
and others no significant response at the limited number of sites which were available for 
consideration. Thus, for gulls, the balance of evidence suggests a macro-response of 0 (i.e. 
no attraction to or avoidance of the windfarm). However, the response of northern gannet 
to the presence of windfarms appeared to be more consistent, with strong avoidance 
evident at several sites, although again it was not always clear whether the macro-response 
was a result of barrier effects or displacement. Based on the evidence currently available, it 
is suggested that a macro-response rate of 0.64 is a suitable precautionary value for 
northern gannet.  

 
Micro-avoidance (section 5.2) and meso-responses (section 5.3) 

 

5. Data for micro-avoidance and meso-responses were extremely limited. No clear and 
consistent patterns were evident for any of our five priority species. For this reason, it was 
not possible to derive micro-avoidance or meso-response rates for these species.  

 
Within-windfarm avoidance (section 5.4) 

 
6.  A total of 20 sites were identified as having sufficient data to derive within-windfarm 

avoidance rates by comparing observed collision rates to those expected in the absence of 
avoidance behaviour. Of these, nine were considered to have data of sufficient quality to 
estimate robust within-windfarm avoidance rates to be calculated using the Band (2012) 
collision risk model. Within-windfarm avoidance rates were derived for use with both the 
basic Band model Options 1 and 2), that assumes that birds are distributed evenly within the 
rotor-swept area of a turbine, and with the extended Band Model (option 3) that uses a 
continuous flight height distribution to estimate collision risk at different points within the 
turbines rotor-swept area. Based on these data within-windfarm avoidance rates of 0.9959 
(± 0.0006 SD) and 0.9908 (± 0.0012 SD) were derived for herring gull for use with the basic 
Band model and extended Band model respectively. Similarly, within-windfarm avoidance 
rates of 0.9956 (± 0.0004 SD) and 0.9898 (± 0.0009 SD) were derived for large gulls for use 
with the basic Band model and extended Band model respectively, and rates of 0.9921 (± 
0.0015 SD) and 0.9027 (± 0.0068 SD) derived for small gulls also for use with the basic Band 
model and extended Band model respectively. Within-windfarm avoidance rates of 0.9893 
(± 0.0007 SD) for the basic Band model and 0.9672 (± 0.0040 SD) for the extended Band 
model were derived for all gulls. Insufficient data were available to calculate a within-
windfarm avoidance rate for northern gannet. (Note, where we report the standard 
deviation around the derived within windfarm avoidance rates, this relates variability 
between sites and not to uncertainty in the model input parameters. Estimating the 
contribution of the model input parameters to the uncertainty associated with the derived 
avoidance rates requires a more detailed understanding of the real range of values 
associated with each parameter than is available currently.)  

 
Sensitivity of derived within-windfarm avoidance rates (section 6) 

 
7. The sensitivity of within-windfarm avoidance rate values to model input parameters was 

also assessed and it was found that the final derived values were most sensitive to 
assumptions about the proportion of birds at collision risk height. However, it was also 
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found that sensitivity to input parameters declined as the number of flights through a 
windfarm increased.   

 
Recommended total avoidance rates (section 7) 

 
8. Whilst we have estimated within-windfarm avoidance rates to four decimal places, current 

guidance from SNH is that expressing avoidance rates to more than three decimal places is 
unwarranted (SNH 2013). Given the inherent uncertainty in the data we feel that this is a 
sensible approach to apply to total avoidance rates. For this reason, we round within-
windfarm avoidance rates down to three decimal places when deriving recommended total 
avoidance rates.  For gulls the balance of evidence suggests a macro-response of 0 (i.e. no 
consistent attraction to or avoidance of the windfarm). Consequently, the recommended 
total avoidance rates for these species are equal to the within-windfarm avoidance rates. 
Therefore, avoidance rates of 0.995 for herring gull, lesser black-backed gull and great black-
backed gull and 0.992 for black-legged kittiwake are recommended for use with the basic 
Band model. Based on the evidence available, it is suggested that the total avoidance rate 
for northern gannet is unlikely to be lower than that for all gulls. Assuming a macro-
avoidance rate of 0.64, this would reflect a within windfarm avoidance rate of 0.9703. We 
acknowledge that this is precautionary, but in the absence of more species-specific data, we 
feel it is appropriate. Hence, an avoidance rate of 0.989 for northern gannet is 
recommended when using the basic Band model. For the extended Band model, avoidance 
rates of 0.990 for herring gull and 0.989 for lesser black-backed gull and great black-backed 
gull were recommended. Based on the evidence available at present, it was not possible to 
recommend an avoidance rate for use with the extended model for either black-legged 
kittiwake or northern gannet. 

 
Transferability of avoidance rates between models (section 8) 

 
9.  Whilst the basic and extended Band models are the most widely used collision risk models at 

present, there are a number of alternatives. Based on our assessment of the alternative 
models which we were able to obtain descriptions of, the definitions and values we present 
in this report are likely to be broadly applicable to other models.  
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RECOMMENDATIONS AND LIMITATIONS 

 

Definitions (Section 3) 

 
• Micro avoidance should be defined as ‘last-second’ action taken to avoid collision, occurring 

within 10 m of the rotor blades.  
 

• Meso-response should be defined as all behavioural responses, including attraction, in flight 
deflection and functional habitat loss, to the presence of a turbine occurring more than 10 m 
from the rotor blades and within the perimeter of the windfarm (500 m from the base of the 
outermost turbines). 
 

• Macro-response should be defined as all behavioural responses, including attraction, 
displacement, and barrier effects, to the presence of a windfarm occurring beyond its perimeter 
(> 500 m from the base of the outermost turbines). 
 

• Where an avoidance rate has been derived by comparing observed collisions to those expected 
in the absence of avoidance, this should be referred to as within-windfarm avoidance, it is a 
combination of meso-responses and micro-avoidance. 
 

Recommended avoidance rates 

 

• A macro-avoidance rate of 0.64 is recommended for northern gannet (section 5.4). However, 
no data were available to derive a within-windfarm avoidance rate for this species (section 5.3). 
Based on the evidence available, there is no reason to suppose that the total avoidance rates 
for northern gannet should be less than those for all gulls. A total avoidance rate of 0.989 is 
thus recommended for use with the basic Band (2012) collision risk model. This would reflect a 
within windfarm avoidance rate of 0.970. We acknowledge that this is precautionary, but in the 
absence of more species-specific data, we feel it is appropriate.  It was not possible to 
recommend an avoidance rate for use with the extended Band (2012) collision risk model based 
on the evidence available at present.  

 

• No consistent evidence of macro-avoidance was found for black-legged kittiwake (section 5.4). 
As it was not possible to derive species-specific within-windfarm avoidance rates for black-

legged kittiwake, the within-windfarm rates derived for the small gulls group were considered 
appropriate for use for this species (section 5.3). A total avoidance rate of 0.992 is thus 
recommended for the basic Band model. It was not possible to recommend an avoidance rate 
for use with the extended Band (2012) collision risk model based on the evidence available at 
present.   
 

• No consistent evidence of macro-avoidance was found for lesser black-backed gull (section 
5.4). Whilst it was possible to derive species-specific within-windfarm avoidance rates for lesser 
black-backed gull, these were based on limited data and thus the within-windfarm avoidance 
rates for large gulls were considered more appropriate for use for this species (section 5.3).  A 
total avoidance rate of 0.995 is thus recommended for use with the basic Band model and a 
total avoidance rate of 0.989 for use with the extended Band model (section 7). 
 

• No consistent evidence of macro-avoidance was found for herring gull (section 5.4) and thus 
total avoidance rates reflect species-specific within-windfarm avoidance rates. A species-
specific total avoidance rate of 0.995 is thus recommended for use with the basic Band model 
and a total avoidance rate of 0.990 for use with the extended Band model (section 7).  
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• No consistent evidence of macro-avoidance for great black-backed gull (section 5.4).  As it was 
not possible to derive species-specific within-windfarm avoidance rates for great black-backed 

gull, the within-windfarm rates derived for the large gulls group were considered appropriate 
for use for this species (section 5.3). A total avoidance rate of 0.995 is thus recommended for 
the basic Band model and a total avoidance rate of 0.989 for use with the extended Band 
model (section 7). 
 

• Given the multiple ways in which data can be interpreted, it is vital that future studies in which 
avoidance rates are derived are completely transparent and present their workings as a step-
by-step process. Appendix 7 enables the reader to go back to the original source material and 
fully understand how the values presented in this report have been derived. This also offers an 
indication of the uncertainty present in the derived values.  
 

• Based on the available data, it was not possible to derive species-specific avoidance rates for 
three of the five priority species. Of particular concern is the lack of within-windfarm avoidance 
data for northern gannet given that it is taxonomically distinct from the other four species, all of 
which are gulls. Future projects should focus on collecting data for northern gannet as a 
priority. Given the limitations in the data we identified for macro-responses, especially for gulls, 
there is also a need to collect further data on barrier effects and displacement/attraction rates.  
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1. INTRODUCTION 

 
The Scottish Government has a target for 100% of Scottish demand for electricity to be met from 
renewables by 2020 by creating a portfolio of both onshore and offshore technologies (Marine 
Scotland 2011). However, concern over the environmental impacts of these developments in the UK, 
and in particular the risk of birds colliding with wind turbines, has contributed to the delay and 
cancellation of some projects. In order to quantify the risk of birds colliding with wind turbines, a 
number of collision risk models have been developed (Band 2012, Smales et al. 2013). These include 
an update to the Scottish Natural Heritage (SNH) collision risk model, originally developed for 
onshore windfarms (Band 2000, Band et al. 2007), redeveloped to better reflect data collected in 
relation to impact assessments for offshore windfarms (Band 2012). This work was undertaken as 
part of one of the projects undertaken through the Strategic Ornithological Support Service (SOSS) 
programme, a joint initiative involving industry, statutory nature conservation bodies (SNCBs) and 
the RSPB. These models combine a series of parameters describing the turbine design and operation 
with estimates of a bird’s size and behaviour in order to predict the number of birds that would be 
expected to collide with a turbine over a given time period. Of these parameters, detailed analysis 
has suggested that these models are highly sensitive to variation in the avoidance rate, the 
proportion of birds which take action to avoid colliding with a turbine (Chamberlain et al. 2005, 
2006). Despite this, there has been relatively little empirical evidence put forward to support 
avoidance rates for offshore windfarms, which are likely to vary according to species and weather 
conditions, in particular visibility.  
 
Whilst avoidance rates can be determined from observed mortality rates or actual observations of 
birds’ behaviour, defining robust values for use in collision risk modelling can be extremely 
challenging. However, there are concerns that avoidance rates derived from observed mortality 
rates may act as a ‘fudge-factor’, incorporating observer biases and model error, as opposed to the 
actual behaviour of the birds (May et al. 2010, Douglas et al. 2012). Current guidance from SNH 
(2010) is that, in the absence of species-specific empirical data, a default avoidance rate of 0.98 
should be used for most species in onshore windfarm assessments and this value has been widely 
used in the offshore environment as well. However, in light of recent evidence (e.g. Everaert & 
Stienen 2007, Krijgsveld et al. 2011) the validity of this approach has been questioned and concerns 
have been raised by developers that it will lead to an over-estimate of the likely number of collisions 
(Moray Offshore Renewables Limited 2012, Trinder 2012, Smartwind/Forewind 2013) and, as a 
consequence, potentially contribute to the delay and cancellation of key projects. In a policy 
environment where there is limited evidence on which to base decisions it is important to reflect 
uncertainty, but not to apply unrealistic levels of precaution which will make it difficult to reach 
informed decisions about where and where not to build windfarms.  
 
There is a strong need for a consensus on the appropriateness of recommended avoidance rate 
values given the influence they have on collision estimates and, therefore, consenting decisions. 
However, at present, there is a lack of clarity over the interpretation of studies of avoidance 
behaviour and the applicability of the resultant avoidance rates to different collision risk models, 
study sites and species. As a result, details presented in reviews of avoidance behaviour of birds in 
the marine environment (e.g. Maclean et al. 2009, Cook et al. 2012) have been subject to confusion. 
A key reason for this is the lack of consistency in the terminology applied to different spatial scales of 
avoidance, and the widely varying interpretation of the types of avoidance behaviour occurring. 
There is therefore, an urgent need for a review of avoidance behaviour in offshore windfarms in 
order to provide a clear appraisal of the existing evidence base, provide a robust critique of the data 
available with which to refine recommendations on avoidance rates and offer clear guidance as to 
how they should be used in future collision risk modelling scenarios. Whilst the focus of this review 
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will be on collision risk modelling and species relevant to the UK context, it will draw on evidence 
from Europe and beyond.  
 
This work aims to reduce the current level of uncertainty around appropriate avoidance rates for 
seabird species within collision risk modelling by providing a thorough review of the existing 
evidence base. The scope of this review is broader than those previously undertaken (e.g. Cook et al. 
2012) and includes quantitative and qualitative analyses of the data identified with a view to 
identifying representative avoidance rates for five priority species – northern gannet, black-legged 
kittiwake, lesser black-backed gull, herring gull and great black-backed gull. The review identifies 
current knowledge gaps and aims to ensure that future strategic work is targeted at addressing the 
most appropriate issues. Due to the sensitivity of the work and the importance of its conclusions, the 
work has been overseen by a steering group of key stakeholders and experts, with a view to gaining 
widespread acceptance of its conclusions.  
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2. OBJECTIVES 
 

2.1 Produce definitions for the types and scales of avoidance rates that will be used 

throughout the review document 

 

It is important to make a distinction between avoidance rates, as used in collision risk models, and 
avoidance behaviour. Avoidance behaviour refers specifically to the behavioural response of birds to 
wind turbines. However, at present, in addition to accounting for avoidance behaviour, avoidance 
rates are often used as a ‘fudge-factor’ to account for error in the model itself and in its input 
parameters (see May et al. 2010, Douglas et al. 2012). Whilst SOSS guidance (Band 2012) sets out 
how these uncertainties should be accounted for in the collision risk modelling process, in practice, 
this is rarely done. The purpose of this review is to identify suitable avoidance rates for use in 
collision risk models; these rates will be informed, where appropriate, by recorded estimates of 
avoidance behaviour.  
 
A lack of clear, working definitions for different avoidance rates has hampered attempts to come up 
with standardised measures. Present definitions of avoidance rates rely on an ability to collect 
empirical data with which to compare predicted and observed collision rates (SNH 2010). As this is 
impractical for the offshore environment, Band (2012) proposes combining estimates of micro- (or 
near-field) avoidance, where a bird takes action to avoid collision at a point close to the turbine, and 
macro- (or far-field) avoidance, where a bird takes action to avoid collision at a point distant from 
the turbine, to generate an estimate of total avoidance. However, the empirical data underpinning 
such definitions is currently inconsistent and difficult to interpret.  
 
A key problem is often the lack of detail over what spatial scale data have been collected. For 
example, radar monitoring has shown that birds may take action to avoid entering a windfarm at 
distances of up to 6 km (Christensen et al. 2004), far further than could be observed by eye. As a 
result, by relying on visual observations, avoidance rates may be under-estimated as a significant 
proportion of birds will have taken action to avoid the windfarm before they are visible. Similarly, at 
present, it is not possible to identify birds to species level on the basis of radar echoes; 
consequently, by relying on radar, it will not be possible to derive species-specific avoidance rates. 
This is further complicated by evidence that avoidance can occur in a three-dimensional space, with 
horizontal avoidance, where a bird alters its heading to avoid collision, and vertical avoidance, where 
a bird alters its altitude to avoid collision (Krijgsveld et al. 2011, Plonczkier & Simms 2012). Such 
alterations may be relatively subtle and difficult to detect by eye. Where radar is utilised to monitor 
movements in response to turbines, it requires the use of both horizontal and vertical radar. 
Evidence describing three-dimensional avoidance behaviour, if it exists, is likely to be extremely 
limited. In defining different avoidance behaviours, the review therefore gives careful consideration 
to the methodologies used to collect the necessary data.  
 
Wind turbines are most typically in the order of seven rotor diameters apart (Meyers & Meneveau 
2012), based on existing turbine designs, this may vary from 480 m to 1.5 km, depending on the 
capacity used. Given the variable distances between turbines and the difficulties in obtaining  
consistent estimates of avoidance behaviour over the relevant spatial scales, the review considers 
whether it is possible to define micro-and macro-avoidance with reference to distance to turbines, 
or whether a more pragmatic approach, basing definitions on whether a bird is inside or outside a 
windfarm would be more appropriate. The review considers whether these definitions are 
appropriate to all species and groups, or whether a more flexible approach is necessary. This may 
depend on what evidence is available for different species. For example, avoidance rates for terns 
have often been derived from observed collision rates (Everaert 2008), whilst for other species, such 
as northern gannets, avoidance rates may be more reliant on radar data (Krijgsveld et al. 2011). The 
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review then considers evidence for avoidance behaviour occurring over horizontal and vertical 
planes.  
 
The review provides clear and concise definitions for micro-horizontal avoidance, micro-vertical 
avoidance, macro-horizontal avoidance and macro-vertical avoidance. Definitions are produced 
based on the behaviour of the birds as opposed to the requirements of a model and offer guidance 
about how final values can be adapted for use in different models.  
 
Defining the different forms of avoidance behaviour represents a major step forward in collision risk 
modelling. These definitions are central to the rest of the project, and, as such, have been agreed 
through discussion with the project steering group of key stakeholders and experts. 
 

2.2 Review the current use of avoidance rates  

 
In order to provide context to this work, it is important to consider how avoidance rates are 
currently used. With this in mind, the review considers published EIAs and identifies what avoidance 
rates have been used within the collision risk modelling process and what justifications have been 
put forward for their selection. This will help us determine how consistently existing guidance has 
been interpreted and applied, and help refine future guidance in order to minimise discrepancies in 
its application.  
 

2.3 Review and critique existing avoidance behaviour studies and any derived rates 

 
Avoidance rates have been derived from both observed mortality rates and actual observations of 
birds’ behaviour (Cook et al. 2012, Trinder 2012, Moray Offshore Renewables Limited 2012, 
Smartwind/Forewind 2013, Everaert 2014). In Belgium, at Zeebrugge port breakwater, onshore 
collision rates in terns and gulls have been used to derive avoidance rates based on recorded 
movement patterns and assumptions about turbine design (Everaert & Stienen 2007 Moray Offshore 
Renewables Ltd. 2012, Everaert 2014). However, the difficulties in directly recording collisions in the 
marine environment mean that studies of avoidance at offshore windfarms have relied on observing 
behaviour (Desholm et al. 2006, Blew et al. 2008, Krijgsveld et al. 2011). These studies have varied 
both in the species they have investigated, and also in the potential form of avoidance behaviour 
reported.  
 
Recognising that appropriate data may be extremely limited, we initially take a broad approach to 
our review, reviewing evidence for avoidance behaviour in marine birds generally. We demonstrate 
how this evidence relates to the definitions set out in the previous section of the report. Having 
done this, we assess whether sufficient evidence exists to draw conclusions about avoidance 
behaviour in five priority species – northern gannet, black-legged kittiwake, lesser black-backed gull, 
herring gull and great black-backed gull. If this is not possible, we will consider how to combine 
evidence within groups of species, on the basis of the ecology of the species concerned. Where this 
is necessary, we clearly state which species are in each group.  
 
In order to make an assessment of the level of confidence in the reported avoidance rates for each 
species or species group, we make a detailed qualitative critique of each study. Key questions 
include: 
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i.  How have avoidance rates been derived? 

 
We consider first whether the avoidance rates reported have been determined from observed 
mortality rates or actual observations of birds’ behaviour. The data collection methods used are 
summarised, and the limitations of each method discussed. Where avoidance rates have been back-
calculated from observed collisions at reference windfarms, they may incorporate error associated 
with model input parameters including population estimates, flight heights and turbine operational 
characteristics in addition to the actual avoidance behaviour of the birds. In contrast, direct 
observations of birds’ behaviour in relation to turbines will not incorporate model error. However, 
these observations may still need careful interpretation given methodological constraints over how 
data may be collected, for example, the distances over which birds can be observed in comparison 
to the distances over which they may take avoidance action.  
 
ii.  How comparable are the different datasets? 

 
Avoidance rates based on behaviour have typically been derived from a series of visual or radar 
observations (Desholm & Kahlert 2005, Blew et al. 2008), or through a combination of both 
(Krijgsveld et al. 2011, Plonczkier & Simms 2012). The range of distances over which data can be 
collected varies markedly between these platforms (Cook et al. 2012) and it is important to consider 
whether estimates – particularly of macro-avoidance – are comparable between different studies.  
 
It is also important to consider how and when data have been collected. For example, visual 
observations from land, or an offshore platform, may differ from those obtained during a boat-
based survey, where the movement of the boat may mean that surveyors have a less stable platform 
or because birds may exhibit a behavioural response to the presence of a boat (although following 
standard guidance should help to minimise the influence of these factors: Camphuysen et al. 2004). 
Visibility may also strongly influence results from visual observations. Seasonality may influence both 
the results from both radar and visual observations as foraging birds may respond very differently to 
migrating birds (Blew et al. 2008, Krijgsveld et al. 2011). This may be particularly important for radar 
studies, where it is not possible to identify radar echoes to species level and, as a result, it is more 
difficult to separate observations of migrants from those of local, foraging birds during periods of 
passage.  
 

iii.  Are reported avoidance rates affected by any special factors? 

 
The location of the windfarm may have a strong impact on reported collision rates. If these collision 
rates are then used to calculate avoidance rates, it may lead to an erroneous assessment of 
avoidance behaviour. For example, a Belgian study has reported collision rates at a windfarm in 
Zeebrugge for terns (Everaert & Stienen 2007). The results from this study have been widely used to 
calculate micro-avoidance rates for terns (e.g. Whitfield 2008). However, as this windfarm was 
located on a seawall, next to a breeding tern colony, it is unclear whether behaviour around the 
turbines would be consistent with that of foraging terns, further out to sea. In addition, the size of 
turbines planned for offshore windfarms is significantly greater than those installed at many of the 
sites for which collision data are available. For this reason, we will consider whether there is any 
evidence for a relationship between turbine size and the avoidance rates derived from mortality 
data.  
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2.4  Provide summary avoidance rates and a total avoidance rate for each priority 

species/species group based on the evidence available at present 

 
Based on the information compiled from the above review, we derive avoidance rates based on 
published evidence for each of the five priority species – northern gannet, black-legged kittiwake, 
lesser black-backed gull, herring gull and great black-backed gull, and other species as relevant. 
Where necessary, this involved going back to the source material of the studies concerned and back-
calculating avoidance rates following the methodology set out by Band (2000). Where insufficient 
data were available to make recommendations for individual species, we combine estimates within 
species groups, based on the ecologies of the species concerned. Based on our critique of the studies 
from our review we then indicate where our confidence in each reported value is affected by the 
quality of the data it is based on.  
 
Where possible, we combine avoidance rates collected at different scales, in order to calculate a 
total avoidance rate for each species. Estimates of micro-avoidance and macro-response can be 
combined to give an overall avoidance rate following equation 1, if sufficient data are available, we 
will extend this equation to include horizontal and vertical avoidance, as detailed in equations 2 and 
3. Given the limited evidence available, it may be necessary to draw in data from closely related 
species and derive avoidance rates based on a group, rather than species-specific basis. Where this is 
necessary, we will clearly state what we have done and indicate our confidence in the derived rate 
accordingly.  
 

Arate  = 1 – [(1 - Amicro) X (1 - Amacro)] [Eq. 1] 
Amicro- = 1 – [(1 – Mihoriz) X (1 – Mivert)] [Eq. 2] 

Amacro- = 1 – [(1 – Mahoriz) X (1 – Mavert)] [Eq. 3] 
 

Where Arate is the total avoidance rate, Amicro-is the micro-avoidance rate, Amacro-is the macro-

avoidance rate, Mihoriz is the micro-horizontal avoidance rate, Mivert is the micro-vertical avoidance 

rate,  Mahoriz is the macro-horizontal avoidance rate and Mavert is the macro-vertical avoidance rate. 

Note that the ability to combine horizontal and vertical movements in this way will depend on how 

data have been collected. It is likely that some birds will make horizontal and vertical movements 

concurrently, and therefore, it would not be appropriate to combine data in this way.  

 
This summary is used as the basis for a gap analysis based on our earlier definitions of avoidance 
behaviour. In combination with the above critique of avoidance rate studies, this gap analysis will 
help provide a target and possible methodologies for future research on avoidance behaviour of 
birds in relation to offshore windfarms, for example the Offshore Renewables Joint Industry Project 
(ORJIP), due to get underway in summer 2014 (Davies et al. 2013).  
 

2.5 Undertake an assessment of the sensitivity of the conclusions reached to inputs and 

conditions under which they were collected 

 

The final avoidance rates are likely to be sensitive to both factors which are directly parameterised 
within the collision risk model, such as species’ flight heights, turbines’ operational time and rotation 
speed, those parameterised in collecting collision data such as corpse collection, and also those 
which are not directly parameterised, such as seasonality, weather conditions and whether data 
have been collected during the day or night. Whether estimates of avoidance behaviour have been 
derived from behavioural observations or recorded collision rates, they are likely to be influenced by 
the factors which are not directly parameterised. For this reason, we assess how such variables are 
likely to have influenced the final avoidance rate in each study. For example, avoidance rates based 
on data only collected during conditions with better than average visibility may be expected to differ 
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from those based on data collected during periods of poor visibility, a potential source of model 
error. Where avoidance rates have been derived from collision data, there is the also potential for 
the model input parameters to influence the final values. 
 
These methodologies have typically been restricted to turbines at onshore locations (Everaert & 
Stienen 2007), where corpse collection is practical. There are concerns that this may lead to an over-
estimate of the avoidance rate as some corpses go undetected and correction factors to account for 
this (Winkelmann 1992, Bernardino et al. 2013) may not be correctly applied. With this in mind, we 
focus on the best quality studies, but also consider how undetected corpses may influence the 
avoidance rate we derive.  
 
Where a collision rate is available for a site, the avoidance rate (Arate) can be calculated as follows: 
  

Cpred = (Flux rate * Pcoll) + error [eq. 4] 
Arate = 1 – (Cobs/Cpred)   [eq. 5] 

 
Where Cpred is the predicted number of collisions in the absence of avoidance action, Cobs is the 
observed number of collisions, flux rate is the total number of birds passing through the rotor swept 
area and Pcoll is the probability of a bird colliding with a turbine. The probability of collision, Pcoll can 
be calculated following the formula set out in Band (2012). However, this highlights a second area 
where the conclusions about avoidance rates may be sensitive to the inputs as values of Pcoll will be 
specific to the design of turbines (Cook et al. 2011). Consequently, knowledge of rotor speed, radius, 
chord width and pitch, for the turbine concerned, are required before estimating an avoidance rate 
from a collision rate. These characteristics can vary considerably, even between turbines of a similar 
generating capacity (http://www.4coffshore.com). As a result, error is likely to be introduced into 
the calculation through inaccuracies in estimates of the flux rate and also through inaccuracies in the 
estimation of Pcoll. 
 
 As detailed in Cook et al. (2012), failing to account for turbine design correctly when deriving 
avoidance rates as described above can lead to erroneous estimates of Pcoll and, therefore, the 
avoidance rate. For this reason, where a study reports a collision rate, rather than an avoidance rate, 
we have attempted to obtain data on these parameters. Where we are unable to obtain this 
information, we calculate a value of Pcoll based on the parameters from a range of turbines of a 
similar size. We then consider whether avoidance rates derived from collision estimates are more 
sensitive to variation in turbine design or to correction factors that account for failure to detect 
corpses.  
 

2.6 Applicability of avoidance rates to different collision risk models 

 
We finally consider how the total avoidance rate, and its constituent elements, reflect the values 
necessary for collision risk modelling. At present, the collision risk model formulated by Band (2012) 
for use in the offshore environment has three different options which can be used to estimate the 
total number of birds at risk of collision. These options reflect different ways in which estimates of 
the proportion of birds at collision risk height can be incorporated into the collision risk modelling 
process. Band model option 1 assumes that birds are distributed evenly within the rotor-swept area 
of a turbine. It bases estimates of the proportion of birds at risk of collision on data collected during 
pre-construction surveys of the site in question. Band model option 2 is mathematically identical to 
the first option, also assuming an even distribution of birds within the rotor-swept area of the 
turbine. However, the proportion of birds at collision risk height is estimated from continuous 
distributions derived from data collected across multiple sites (Cook et al. 2012, Johnston et al. 
2014a,b). Options 1 and 2 of the Band model are collectively referred to as the basic model.  In 
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practice, birds are unlikely to be evenly distributed across the rotor-swept area of a turbine 
(Johnston et al. 2014a). Band model option 3, often referred to as the extended Band model, 
accounts for this by using a continuous flight height distribution to estimate collision risk at different 
points within the turbines rotor-swept area.   
 
As birds are typically clustered to the lower edges of the rotor-swept area (Johnston et al. 2014a), 
option 3 often results in lower estimates of collision rates. As a consequence, there is intense 
interest in its use within EIAs for offshore windfarms. However, avoidance rates currently in use that 
are derived for the onshore environment by combining collision rates with estimates of Pcoll from the 
basic Band model are not suitable for use in the extended model, as accounting for a heterogeneous 
flight height distribution will result in a lower number of collisions predicted in the absence of 
avoidance. (Although, note that this difference may be partially offset as avoidance rates derived in 
this way do not account for changes in flight altitude in response to the presence of a windfarm.). As 
a result estimates of avoidance behaviour based on the basic model are likely to be higher than is 
appropriate for the extended model (equations 4 and 5) – this is considered as part of the review.  
 
Where estimates of avoidance rates have been derived from behavioural observations, for example 
displacement from offshore windfarms, rather than recorded collision rates, the applicability to 
different models is less clear. We consider how our final avoidance rates have been derived and 
what implications this has for how they are incorporated in collision risk models.  
 
We also offer guidance not just on the applicability of avoidance rates to the basic and extended 
Band models, but also their transferability of avoidance rates to alternatives including the Biosis 
model (Smales et al. 2013).  
 
The data necessary to derive avoidance rates suitable for use with option 3 of the Band model 
following the formula given by equation 6 are often unavailable. However, a suitable avoidance rate 
can be derived by estimating the ratio of Pcoll from option 2 of the Band model to Pcoll from option 3 
of the Band model and applying this to the inverse of the avoidance rate used for option 1. For the 
rationale and a full description of this approach see the supplement to the guidance on ‘Using a 
collision risk model to assess bird collision risks for offshore windfarms’ (Band 2012) provided by Bill 
Band as Annex 1 to this report.  
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3. DEFINITIONS OF AVOIDANCE BEHAVIOUR 

 
3.1 Introduction 

 
Chamberlain et al. (2005, 2006) demonstrated that, of the parameters used in the Band collision 
model (Band 2006), the avoidance rate used was among those that the predicted collision rates 
were most sensitive to. Subsequently, the identification of appropriate avoidance rates has been 
subject to widespread debate. Guidance produced by Scottish Natural Heritage (SNH 2010) has been 
largely accepted in the UK for the terrestrial environment, subject to revision as additional data 
become available (e.g. Pendlebury 2006). Whilst this document references some seabird species, its 
guidance for offshore windfarms is limited to the suggestion that a range of avoidance rates should 
be presented. Country agencies have provided advice to developers as necessary, but the lack of 
guidance produced specifically for the offshore environment, and for the updated Band model for 
use in the offshore environment (Band 2012), has led to uncertainty amongst developers, regulators 
and other stakeholders as to what values reflect realistic avoidance rates (e.g. MacArthur Green 
2012, MORL 2012) and for which collision risk models they are appropriate. Previous studies have 
attempted to review avoidance behaviour in offshore species (e.g. Maclean et al. 2009, Cook et al. 

2012) but a failure to gain widespread consensus about the values presented has meant the 
situation remains largely unresolved. 
  
Deriving avoidance rates for terrestrial windfarm developments has been based largely on the ability 
to estimate the numbers of birds killed by collisions. Every bird flying through the rotor-swept area 
of a turbine has a probability of colliding with the turbine blades (Pcoll), typically in the range of 5-
10% for seabirds, depending on species and the design of the turbine concerned (Cook et al. 2011). 
By multiplying the total number of birds expected to pass through the rotor-swept area of a turbine 
by Pcoll  it is possible to predict the number of collisions that would be expected, should birds take no 
action to avoid collision. In the case of terrestrial windfarms estimates of the total number of 
collisions actually occurring, once turbines are operational, can be made by using corpse searches 
around the windfarm to assess actual mortality rates, or observed collision rates1. Band (2000) 
therefore suggests that the avoidance rate can be thought of as equation 6, where the collision rate 
expected in the absence of avoidance is the total number of birds (Flux rate) passing through the 
rotor-swept area of a turbine, multiplied by Pcoll. However, in practice both Pcoll and the flux rate are 
likely to be subject to error – Pcoll in relation to the model input parameters and flux rate in relation 
to estimates of the total number of birds passing through the windfarm. Of the two, the error 
associated with the flux rate is likely to be greatest as a result of the difficulty in recording the 
number of birds passing through a site over an extended period of time and the need to extrapolate 
from, often brief, observation periods to estimate a flux rate for the study period as a whole. As a 
result of the need to incorporate this error, it may be better to think of this in terms of an avoidance 
correction factor, as opposed to an avoidance rate, which implies it is solely dependent on the 
behavioural responses of birds: 
 

  ��������	 = 	1 −	���������	���������	����	������	× �!"	#���$	 % (eq. 6) 

 
However, in the case of offshore windfarms, recording actual collisions, or mortality rates, is not 
currently practical, although the forthcoming Offshore Renewables Joint Industry Project (ORJIP) will 
aim to provide additional data to inform avoidance rates using behavioural observations (Davies et 

al. 2013). Therefore, at present, guidance on appropriate avoidance rates for use in the offshore 
environment draws on the experiences gained in the terrestrial environment, as well as being 

                                                           
1 Subject to some carcass recovery factor (i.e. the potential to miss carcasses, removal by predators, etc.). 
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informed by studies of bird movements, where suitable data are available (e.g. Desholm & Kahlert 
2005, Petersen et al. 2006, Masden et al. 2009, Blew et al. 2008, Krijgsveld et al. 2011). Where 
studies have sought to use movement data to inform values for avoidance rates, this has often led to 
confusion due to uncertainty over the spatial scales involved. Birds have been shown to alter their 
flight paths in order to avoid entering an offshore windfarm at distances of up to 6 km (Christensen 
et al. 2004). As a result, where avoidance rates have been derived from human observations they 
may represent a substantial under-estimate of total avoidance, as many birds will have taken action 
to avoid the windfarm before they become visible to observers. The difficulties caused in attempting 
to draw firm conclusions from such disparate data sources has led to a variety of terms being used to 
sub-divide avoidance behaviour at different spatial scales.  
 
At a simple level, Cook et al. (2012) and Band (2012) suggest that the total avoidance rate for an 
offshore windfarm could be considered as (eq. 7): 
 
 &�'�(	��������		 = 1 − ��1 −)��*�$	×	�1 − )��*�$$	(eq. 7) 
 
We use this definition as the basis for discussion relating to the different types of avoidance that 
need to be quantified in order to derive an estimate of total avoidance, and extend it to incorporate 
meso-avoidance (eq. 8), as defined below. 
 
 &�'�(	��������		 = 1 − ��1 −)��*�$	× �1 −)	+�$ × �1 −)��*�$$	(eq. 8) 
 
3.2 Defining appropriate spatial scales of avoidance 

 

This section aims to define appropriate spatial scales of avoidance; for detailed review of the 
evidence for avoidance at these defined scales, see section 5. 
 
A bird may respond to a fixed object, such as a turbine, at any point between the time at which it 
first observes the object and the time at which it passes or collides with the object, or based on 
previous experiences of the site. As such, attempts to subdivide avoidance behaviour with reference 
to spatial scale are largely arbitrary and the different behaviours should be seen as part of a 
continuum. Nevertheless, such divisions are necessary given the spatial scales over which these 
behaviours can be recorded. Band (2012) focusses on macro- and micro- avoidance, with a third 
category, meso-avoidance, fitting in the gap between the two also suggested (Pendlebury, pers. 

comm.). We consider these scales in turn, with each reflecting an increasing distance between the 
bird and the turbine blades (Figure 3.1). However, the distances over which these categories of 
behaviour occur are more difficult to define.  
 
 
 
 
 
 
 
 
 
 

Figure 3.1  Spatial scales over which avian responses to turbines have been recorded 
 
It is also necessary to consider how avoidance rates are applied within the collision risk modelling 
framework. Expected collision rates (as per eq. 7) are typically derived using estimates of the 

MACRO MICRO MESO MICRO MESO 

Decreasing distance to turbines 
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numbers of birds flying through the windfarm area prior to construction. Therefore, overall 
avoidance rates need to account for birds no longer entering the windfarm area post-construction 
(i.e. birds exhibiting displacement and barrier effects) in addition to avoidance of the turbines 
themselves. As a result, it is necessary to consider how other effects, such as displacement and 
barrier effects, may contribute to the overall avoidance rates, as part of macro-avoidance.  
 
We consider how each of these scales may be used to inform collision risk modelling below: 
 

Macro- Band (2012) gives the example of displacement as one impact which may contribute to 
macro-avoidance. Displacement is typically assessed by comparing numbers of birds in the area of 
the windfarm to those recorded in a baseline period. However, difficulties in quantifying 
displacement rates – numbers may vary for many reasons in addition to the development of the 
windfarm, and it is important that this is considered in an appropriate survey design, for example 
using a BACI-approach (Masden et al. 2010) – mean that interpreting these data must be undertaken 
with caution and careful consideration of the survey design (Maclean et al. 2013). Furthermore, 
published displacement rates can refer to the numbers of birds displaced from the windfarm plus a 
significant (species-dependent) buffer distance around the windfarm. Consideration must also be 
given as to whether displacement rates reflect all birds within the windfarm area and buffer, or just 
those on the water. As collision risk modelling relates only to birds in flight, if displacement rates 
refer only to birds on the water, they may not reflect macro-avoidance. Relying solely on 
displacement, as often reported in Environmental Impact Assessments, may therefore 
underestimate the true scale of macro-avoidance because 1) estimates may not account for birds in 
flight; and 2) estimates do not account for birds that are displaced from the windfarm area, but 
remain within the buffer surrounding the windfarm. 
 
In addition to measuring displacement rates, a number of offshore windfarm post construction 
monitoring studies have used radar to assess the proportion of birds which enter a windfarm area 
(e.g. Petterson 2005, Petersen 2006, Krijgsveld et al. 2011). The potential for windfarms to act as a 
barrier to birds in this way has been widely discussed, mostly in the context of migrants (e.g. 
Desholm & Kahlert 2005, Masden et al. 2009), although it may also be of relevance to seabirds 
commuting between breeding colonies and feeding areas – an area of study that needs addressing 
with some urgency. Such study would illustrate changes in flight trajectory amongst birds 
approaching windfarms and would help to determine the spatial scale over which such responses 
may occur. , 
 
In addition to displacement and the windfarm acting as a barrier, several studies have suggested 
that some species, notably gulls and cormorants, may be attracted to the area of offshore windfarms 
(e.g. Lindeboom et al. 2011, Leopold et al. 2011). The macro-avoidance rate needs to capture the 
change in bird numbers within the windfarm area resulting from the development of the windfarm 
site. Consequently, the term ‘macro-avoidance’, may lead to confusion as, conceptually, the idea of 
a negative macro-avoidance rate (i.e. birds being attracted to a windfarm) may be difficult to 
communicate to stakeholders. For this reason, use of the more neutral term, macro-response, may 
be preferable as it implicitly covers both attraction and avoidance (Figure 3.2).  
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Figure 3.2 Range of proportional responses to the presence of an offshore windfarm as they 
would be incorporated in eq. 2 (above), i.e. a response of -0.1 would reflect an 
increase in the number of birds present within the windfarm of 10% in comparison 
to baseline numbers, whilst a response of 0.1 would reflect a decrease of 10% in 
comparison to baseline numbers, which are sensitive to survey design due to the 
extent of year on year variation in seabird abundance.  

 
The macro-response of birds to the presence of a windfarm should be defined as the behavioural 
response taking place outside the windfarm perimeter. It is important that the perimeter of the 
windfarm is clearly defined. Definitions could be based on characteristics such as turbine rotor 
diameter, or the inter-array turbine spacing. However, such definitions would vary between sites in 
relation to the layout and size of turbines used, meaning values for the macro-response rate would 
be less directly comparable between sites. For this reason, defining the perimeter as extending a 
fixed distance from the base of the outermost turbines is preferable. The review will define of the 
perimeter as the boundary of a minimum convex polygon encompassing an area extending from a 
distance of 500 m from the base of the outermost turbines (see Figure 3.3).  
 
The term macro-response will be used to refer to changes in bird numbers within the windfarm area 
resulting from the development of the windfarm site, through processes including, but not limited 
to, attraction, displacement and barrier effects. Where displacement is used to infer a macro-
response rate, it is important to be clear whether this reflects displacement from the windfarm only, 
or displacement from the windfarm plus a buffer. Buffers considered in the assessment of 
displacement effects typically extend beyond the 500 m around the windfarm perimeter considered 
here as some birds may respond to the presence of the windfarm at distances greater than this. 
Measures of displacement that use such buffers may thus underestimate the macro-response rate 
considered here. As collision risk models refer to birds in flight only, when using displacement rates 
to estimate a part of macro-avoidance behaviour, it is also important to lend more weight to studies 
that distinguish the displacement rates of birds in flight and on the water, or those for which it is 
possible to estimate the number, or proportion, of birds in flight.  
 

Micro- Blew et al. (2008) suggests that micro-avoidance reflects a ‘last-second’ alteration to a flight 
path in order to avoid collision with a turbine. Petterson (2005) and Blew et al. (2008) both suggest 
that birds adjust their flight paths to avoid entering the rotor-swept zone of a turbine and that, 
therefore, birds may only rarely need to take last second action to avoid collision, possibly as a result 
of adverse conditions, such as poor visibility. This is borne out by empirical evidence presented in 
Desholm (2005) and Krijgsveld et al. (2011) (see section 5.3).  
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Figure 3.3  Schematic illustrating the spatial scales over which micro-avoidance, meso- and 
macro- responses operate. Dots refer to turbine tower locations. (Not to Scale) 

 
Therefore, it would seem reasonable to define micro-avoidance as a last-second alteration to a 
bird’s flight path in order to avoid collision. For the purposes of observational studies, such last-
second avoidance would be expected to occur in a 3-dimensional space within 10 m of the turbine 

blades (i.e. at distances of 10 m horizontally or vertically from edges of the turbine blades) – though 
note that this distance (and consequently the appropriate definition of micro-avoidance) may be 
refined based on future advances in the techniques used to collect the necessary data (see Figure 
3.3). Such behaviour is likely to be recorded relatively rarely.  
 
Meso- Whilst macro-responses reflect behaviour outside the windfarm and micro-avoidance reflects 
last-second action taken to avoid collision, there is a need to consider a third category, reflecting 
species responses to turbines within a windfarm (Figure 3.4). Both Desholm & Kahlert (2005) and 
Krijgsveld et al. (2011) demonstrated that the majority of birds do not pass within 50 m of a turbine. 
However, some, such as cormorants, may be attracted to structures, which offer potential roosting 
sites (e.g. Leopold et al. 2011). For this reason, as in the case of macro-response, it may be more 
straightforward to talk about a meso-response to turbines than meso-avoidance. The term meso-
response should be used to refer to all behavioural responses to the turbines beyond the 10 m 

buffer around the rotor blades, covered by micro-avoidance, and within the perimeter of the 

windfarm (see Figure 3.3). This may include, for example the attraction of cormorants to turbine 
bases as a roosting site, as the base of the turbine would be beyond the 10 m buffer around the 
rotor blades.  
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Figure 3.4 Flight trajectories of migrating waterbirds within an offshore windfarm, red dots 
indicate locations of turbines. Reproduced with permission from Desholm & Kahlert 
(2005) Avian collision risk at an offshore windfarm. Biology Letters 1: 296-298. 

 
At present, the scale at which data are collected may make it difficult to differentiate between a 
meso-response and micro-avoidance. Therefore, it is recommended that the term macro-response 
is used to refer to a response outside the windfarm and within-windfarm response, covering both 
the meso- and micro-scale, is used to refer to a response occurring inside a windfarm. In response to 
technological advances, a fuller separation of meso-responses from micro-avoidance is likely to be 
possible in the near future. For example, it may be possible in future to combine radar monitoring of 
flight paths through offshore windfarms to capture meso-responses (as in Desholm & Kahlert 2005) 
with images captured from turbine mounted cameras to capture micro-avoidance (as in Desholm et 

al. 2006).  
 

3.3 Defining the appropriate 3-D level of avoidance 

 
This section aims to define appropriate 3-D scales of avoidance; for detailed review of the evidence 
for horizontal and vertical meso-avoidance, see section 5.2. 
 
In addition to occurring over a range of different spatial scales, avoidance behaviour may occur in 
both the horizontal and vertical planes. Below, we describe how observations of horizontal and 
vertical avoidance may be collected and the spatial scales which may be relevant to each. This 
distinction is important given that some methodologies for recording avoidance behaviour, such as 
radar, may not detect both horizontal and vertical movements, meaning that where only one is 
recorded, the derived avoidance rate is likely to be an underestimate, which may be offset by an 
inability to record horizontal and vertical movements occurring concurrently. There is also a need to 
consider the relationships between avoidance and other effects of offshore windfarms on birds, for 
example barrier effects and displacement. 
 
Horizontal Avoidance Much of the research into the avoidance behaviour of seabirds in relation to 
offshore windfarm has focussed on horizontal avoidance, whereby birds alter their flight paths so 
that they fly around turbines or do not enter the perimeter of the windfarm (i.e. Desholm & Kahlert 
2005, Masden et al. 2009). These data have been collected using a variety of methodologies, notably 
visual observations (i.e. Krijgsveld et al. 2011) and radar observations (i.e. Petersen et al. 2006). We 
consider that all 3 spatial scales defined here are relevant in the context of horizontal avoidance. 
 

Example of gap in 

flight activity in area 

surrounding turbine, 

reflecting meso-

response 
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Vertical Avoidance As technologies and survey protocols for monitoring collisions become more 
developed (e.g. Desholm et al. 2006, Collier et al. 2011a, 2011b) monitoring of both horizontal and 
vertical movements around turbines should become more feasible. For radar, however, at greater 
distance this may be more challenging as detecting both horizontal and vertical avoidance requires 
the use of both x- and y-band radar. At present, radar monitoring of bird movements in and around 
offshore windfarms typically focuses on horizontal avoidance behaviour, using horizontal radar (e.g. 
Petersen et al. 2006). Where changes in flight height amongst birds entering the windfarm have 
been estimated (e.g. Blew et al. 2008) this has been at too coarse a resolution to inform vertical 
avoidance. However, recent developments in radar technology (e.g. http://www.robinradar.com/3d-
flex/) may make this a more practical solution to investigate vertical avoidance behaviour amongst 
birds approaching offshore windfarms.  
 
Krijgsveld et al. (2011) demonstrate that a number of species may fly at lower altitudes within-
windfarms than outside windfarms and incorporate vertical avoidance behaviour in their estimation 
of micro-avoidance rates using a combination of visual and radar observations. Their results suggest 
that a substantial proportion of birds may alter their flight altitudes in order to avoid collision. Given 
the development of technologies capable of monitoring the movement of birds close to turbines, 
such as the Thermal Animal Detection System (Desholm et al. 2006), these results suggest that 
focussing on vertical avoidance at a micro-meso, as opposed to macro, scale may be worthwhile. At 
a micro-scale, it is likely that vertical avoidance would be captured as part of an evasive manoeuvre.  
 
3.4  Total avoidance rates 

 
In this section, we have produced definitions that are considered to work within the constraints of 
our current understanding of avoidance behaviour and data collection limitations. It is clear, given 
the multiple potential components of avoidance behaviour that we have identified (Figure 3.5), that 
equation 7 is an over-simplification of overall avoidance rates. In future studies it is important to 
consider how each of these components can be quantified. As technological capabilities advance, 
the definitions outlined above may become obsolete. However, any refinement to these definitions 
should be based on the behaviour of the species concerned, rather than artificially induced by 
methodological constraints, for example, the distance over which observations can be made with 
the use of binoculars or telescopes.  
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*Macro-responses may occur in the vertical plane, 

However, technical limitations mean it is unlikely to  

be possible to measure this  

 

Figure 3.5 Schematic detailing how different behavioural responses to offshore windfarms may combine to give a total avoidance rate. At each 
different level birds may respond either vertically or horizontally. Outside a windfarm, both displacement and barrier effects are likely to 
contribute to the macro-response rate. However, the contribution of displacement to macro-avoidance may be hard to quantify as a result 
of uncertainty associated with estimating its effects. Avoidance behaviour inside a windfarm is often termed micro-avoidance, however, it 
may be appropriate to split this term further by considering a meso-response, where birds enter a windfarm but do not pass close to 
turbines, and micro-avoidance, where birds take last minute action to avoid collisions.  
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3.5  Recommended Definitions 

 

For the purposes of this review, the definitions we will use for bird behaviour in response to offshore 
windfarms and turbines are (Figure 3.3): 
 

MACRO-RESPONSE – The response of birds to the presence of the windfarm outside its 
perimeter, defined as a 500 m buffer surrounding the outermost turbines. Responses may 
include attraction to the windfarm, displacement from preferred foraging habitat or an 
alteration to flight paths as a result of seeing the windfarm as a barrier. These may occur in 
either horizontal or vertical planes, although at present technological limitations mean that 
it is not possible to measure vertical macro-responses. For this reason, for the purposes of 
this review, we consider only horizontal macro-responses.  
 
MESO-RESPONSE – A redistribution of birds, or alteration of flightpaths within a windfarm in 
response to the presence of the turbines. This may encompass both horizontal and vertical 
responses. These responses are in contrast to micro-avoidance, see below.  
 
MICRO-AVOIDANCE – Last-second action taken by birds flying at rotor height to avoid 
collision, encompassing both horizontal and vertical movements, within a 10 m buffer 
surrounding turbine rotor-swept areas. 
 

Due to current methodological difficulties in distinguishing micro-avoidance behaviour from meso-
response behaviour, a fourth category is defined for the purposes of this review to act as a proxy for 
responses to windfarms at these scales: 
 

WITHIN-WINDFARM AVOIDANCE – Encompassing both meso-responses and micro-
avoidance to describe how birds within a windfarm respond to the presence of a turbine. 
 

The review focuses on data relating to macro-responses and within-windfarm avoidance. 
Distinctions between responses at the meso- or micro-scale and horizontal or vertical responses 
have not been made at this stage as insufficient data are available to support them. Future studies 
should aim to be able to make such distinctions to improve our understanding of avian avoidance 
behaviour at offshore windfarms. 
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4. REVIEW OF AVOIDANCE RATES USED IN COLLISION RISK MODELLING FOR OFFSHORE 

WINDFARMS 

 

We reviewed the use of avoidance rates in collision risk modelling as part of the impact assessment 
process for 35 consented or proposed offshore windfarms (Table 4.1). There was considerable 
variation between assessments in the rates selected, which were as low as 0.87 and as high as 
0.9999. In the majority of cases, a single avoidance rate for all species, ranging from 0.95 to 0.99, has 
been used in the collision risk modelling process to assess the potential impacts for all species 
considered. However, in some instances, developers and their consultants have felt that sufficient 
evidence exists to consider higher rates for some species, notably terns, although these values have 
no always been accepted within the decision process.  
 
The species assessed during the collision risk modelling process vary on a site by site basis. This 
typically reflects the distribution of these species, for example, with Manx shearwater likely to be 
assessed at sites on the west coast of the UK. However, some species, such as northern gannet, 
black-legged kittiwake, lesser black-backed gull and great black-backed gull, are considered in most 
assessments, reflecting the broad scale distributions of these species. The flight height of birds is 
also an extremely important factor in determining the likely risk of collision (Johnston et al. 2014a). 
In several early assessments, a screening process was also carried out whereby species for which 
only a small proportion of individuals (typically <1%) were recorded flying at heights placing them at 
a risk of collision were excluded from the collision risk modelling process (Table 4.1). As a result of 
this screening process, the collision risk of some species, such as auks and divers, was assumed to be 
negligible and therefore not assessed using collision risk models.  
 
In early assessments, the avoidance rates used in collision risk modelling were often very high, 
typically in excess of 0.99. The use of these rates was largely founded on collision rates reported at 
onshore windfarms (e.g. Winkelman 1992, Everaert 2003). However, these do not reflect true 
avoidance rates as they do not account for birds which pass safely through the rotor swept area of 
the turbines without taking avoidance action, or indeed those which pass through the windfarm 
without entering the rotor-sweep of the turbines. 
 
In 2005, SNH issued guidance for sensitive bird species commonly identified in (onshore) windfarm 
environmental statements (SNH 2010) that a default avoidance rate of 0.95 should be used. This 
figure was based on expert opinion (Andy Douse pers. comm.) and acknowledged as being 
precautionary. It was felt that, as evidence became available, this rate would be revised upwards. Of 
the 13 assessments for offshore windfarms published between 2005 and the revision of this 
guidance in 2010 (SNH 2010), seven followed this guidance (see Table 4.1). The remaining 
assessments which argued that higher avoidance rates were more appropriate,  cited as part of their 
justification empirical data of collision rates collected from sites in Belgium (see Everaert 2003, 
Everaert and Stienen 2006, Everaert 2008) or assessments of species’ manoeuvrability as 
determined by Garthe and Hüppop (2004) and Maclean et al. (2009).  
 
Following evidence obtained from onshore windfarms suggesting avoidance rates were likely to be 
significantly higher than 0.95 (Fernley et al. 2006, Pendlebury 2006, Whitfield and Madders 2006, 
Whitfield 2009) the default values were revised by SNH (2010). A default rate of 0.98 was 
recommended for all species considered in this guidance which included gull sp., tern spp, skua spp 
and diver sp. Exceptions to the default value included geese, hen harrier and golden eagle, for which 
sufficient evidence was available to support a 0.99 avoidance rate, and kestrel and white-tailed 
eagle, for which the 0.95 avoidance rate was retained as it was felt they were particularly susceptible 
to collisions. Again, a significant proportion (12 out of 18) of environmental impact assessments for 
offshore windfarms published since 2010 follow this guidance. The remaining studies cite evidence 



 

BTO Research Report No. 656 

September 2014 40 

 

from Belgium (Everaert 2003, Everaert and Stienen 2006, Everaert and Kuijken 2007, Everaert 2008) 
and the Netherlands (Leopold et al. 2011, Krijgsveld et al. 2011), or again base avoidance rates on 
assessments of species’ manoeuvrability as determined by Garthe and Hüppop (2004) and Maclean 
et al. (2009)  in support of higher avoidance rates. As part of our review, we consider the strength of 
the quantitative evidence put forward in these studies and how qualitative information may be used 
to support these conclusions.  
 
The evidence base for the revised avoidance rates is largely based on collision mortality observations 
at onshore / coastal windfarms – although recent behavioural avoidance evidence from Egmond aan 
Zee (Krijgsveld et al. 2011) is also being used – and there are uncertainties around the applicability of 
these values to offshore windfarms (Trinder 2012). First, whilst some seabird species may be 
attracted to offshore windfarms, others such as northern gannet show evidence of macro-avoidance 
(e.g. Krijgsveld et al. 2011, Vanermen et al. 2013) (see section 5.1). In contrast, while some 
terrestrial species, such as geese, may also show strong macro-avoidance of offshore windfarms 
(Plonczkier & Simms 2012), macro-avoidance is often less likely at terrestrial windfarms (e.g. 
Devereux et al. 2008, Garvin et al. 2011, Pearce-Higgins et al. 2012). As a result, avoidance rates in 
relation to offshore windfarms need to capture not just avoidance of the individual turbines, as is 
the case for species at terrestrial sites, but also of the windfarm itself.  
 
Secondly, estimates of avoidance derived from collision mortality rates (rather than direct 
observations of avoidance – ‘behavioural avoidance’) follow the formula given in SNH (2010), 
whereby observed mortality is divided by the mortality expected in the absence of avoidance based 
on the flux of birds through the rotor-swept area (equation 6).  
 
Surveys for terrestrial windfarms are usually carried from vantage points within 2 km of the area to 
be observed, ensuring that all observations are within 2 km. However, these methodologies rarely 
employ distance correction which means that the flux rates of birds (or population estimates) are 
likely to be underestimated. If the numbers of birds passing through the rotor-swept area of a 
turbine, and therefore the expected numbers of collisions, are underestimated, the derived 
avoidance rate will also be an underestimate. In contrast, population sizes within offshore 
windfarms of each of the five priority species considered as part of this review may potentially be 
over-estimated, given the attraction of each to boats (e.g. Garthe & Hüppop 1994, Skov & Durinck 
2001). Even where population data have been collected from other platforms, for example, by digital 
aerial survey (e.g. Buckland et al. 2012), the potential for underestimating population size is 
considerably less than for surveys of onshore windfarms. As populations within offshore windfarms 
are unlikely to be underestimated, it has been argued (Trinder 2012) that an avoidance rate suitable 
for estimating collisions at an onshore windfarm will lead to underestimation of avoidance 
behaviour if used for estimating collisions at an offshore windfarm.  
 
This review highlights the reliance of offshore windfarm developers, and their consultants, on 
guidance from Statutory Nature Conservation Bodies (SNCBs) about the use of appropriate 
avoidance rates. Of the 35 studies we identified, 19 cited the SNH guidance from either 2005 or 2010 
in support of the avoidance rates selected for some, or all of their study species. Of these studies, 
several have suggested that these avoidance rates are potentially overly-precautionary, citing 
evidence from Belgium (Everaert 2003, Everaert and Stienen 2006, Everaert 2008), the Netherlands 
(Winkelman 1992, Krijgsveld et al. 2011). The use of avoidance rates in excess of 0.98 in a number of 
recent environmental statements may reflect an increasing concern amongst developers that the 
SNH guidance is overly precautionary and posing an unnecessary risk to the consenting process. 
Many of the early developments were relatively small scale and consequently, collision risk 
estimates, even with an avoidance rate of 0.95, were extremely low. However, the scale of many of 
the developments proposed more recently is significantly greater, with commensurate increases in 
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estimated collision rates. Consequently, it is important the subsequent review of avoidance rates 
can clarify the situation for developers and SNCBs alike.  
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Table 4.1 Avoidance rates considered during the collision risk modelling undertaken in assessments for proposed offshore windfarms and the 
justification for their use. All avoidance rates were used in conjunction with the basic (option 1) Band model and were taken from the final 
submitted environmental statements.  

 
Offshore windfarm Year Avoidance rate(s) used Species considered Justification 

Kentish Flats 2002 0.9998  Red-throated diver  Collision rate of 0.02% presented in 
Winkelman (1992) 

Burbo Bank 2002 No Collision Risk Modelling Red-throated diver, common scoter, 
common tern, wader sp., great 
cormorant, red-breasted merganser, 
little gull, common guillemot/razorbill 

Sensitive species  flew below rotor height 
and, therefore, were not at risk of collision 

North Hoyle 2002 No Collision Risk Modelling Red-throated diver, great cormorant, 
common scoter, tern sp., European 
shag, common guillemot, razorbill 

Sensitive species  flew below rotor height 
and, therefore, were not at risk of collision 

Teesside 2004 0.9962 for all species Red-throated diver, northern gannet, 
great cormorant , waders, Arctic skua, 
herring gull, great black-backed gull, 
black-legged kittiwake, Sandwich tern, 
common tern, common guillemot, 
geese sp. 

Based on calculations from Blyth Harbour 
(citing Still et al. 1996, Painter et al. 1999) 

Beatrice Demonstration Site 2005 0.95 for all species Black-legged kittiwake, great black-
backed gull, northern fulmar, northern 
gannet, auk spp, herring gull, tern spp  

Follows SNH guidance from 2005 (SNH 
2010) and is acknowledged as a 
conservative value. 

Thanet 2005 0.99 for all species Red-throated diver, northern fulmar, 
northern gannet, common tern, 
Sandwich tern, black-legged kittiwake, 
common gull, herring gull, lesser 
black-backed gull, gull spp, auk spp  

In line with previously published estimates 
of avoidance (Percival 1998, Everaert et al. 

2002, Henderson et al. 1996, Winkelman 
1992, Winkelman 1990, Percival 2001, Still 
et al. 1996) 

London Array 2005 0.995 and 0.999 for gull 
spp, tern spp  and Northern 
gannet, and 0.99 and 0.995 
for diver sp. 

Red-throated diver, black-throated 
diver, herring gull, lesser black-backed 
gull, great black-backed gull, common 
tern, northern gannet, Sandwich tern 

Based on vulnerability to collision as 
assessed by Garthe & Hüppop (2004) and 
observed collision rates for gulls and terns 
presented by Everaert (2003) 
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Offshore windfarm Year Avoidance rate(s) used Species considered Justification 

Greater Gabbard 2005 High (0.9999), Medium 
(0.9982) and Low (0.87) for 
all species 

Red-throated diver, lesser black-
backed gull, great skua 

High and Medium rates calculated from 
data presented in Winkelman (1992) based 
on total collisions numbers for gulls (High) 
and nocturnal collisions for gulls (Medium), 
Low avoidance rate derived from lowest 
reported avoidance rate of 0.87 found in 
American Kestrel and considered highly 
unrealistic 

Gwynt Y Mor 2005 No Collision Risk Modelling Diver sp., northern fulmar, Manx 
shearwater, Leach’s petrel, northern 
gannet, common scoter, small skua 
spp, great skua, black-legged 
kittiwake, Sandwich tern, ‘comic’ tern, 
common guillemot/razorbill 

Sensitive species  flew below rotor height 
and, therefore, were not at risk of collision 

Sheringham Shoal 2006 0.98 for all species Sandwich tern, common tern, 
northern gannet, little gull, lesser 
black-backed gull 

SNH guidance from 2005 (SNH 2010) 
guidance felt to be over-precautionary 

West of Duddon Sands 2006 0.999  Lesser black-backed gull Based on vulnerability to collision as 
assessed by Garthe & Hüppop (2004) and 
observed collision rates for gulls presented 
by Everaert (2003) 

Humber Gateway 2007 0.95 for all species Red-throated diver, northern gannet, 
great skua, Arctic skua, little gull, 
black-headed gull, common gull, 
black-legged kittiwake, herring gull, 
great black-backed gull, lesser black-
backed gull, Sandwich tern, common 
tern, Arctic tern 

Follows SNH guidance from 2005 (SNH 
2010) and is acknowledged as a 
conservative value 

Lincs 2007 0.95 for all species Pink-footed goose, red-throated diver, 
northern gannet, little gull, common 
gull, lesser black-backed gull, common 
tern, Common guillemot 

Follows SNH guidance from 2005 (SNH 
2010) and is acknowledged as a 
conservative value 
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Offshore windfarm Year Avoidance rate(s) used Species considered Justification 

Westernmost rough 2009 0.95 for all species Northern gannet, black-legged 
kittiwake, common gull, lesser black-
backed gull, herring gull, great black-
backed Gull, common tern 

Follows SNH guidance from 2005 (SNH 
2010) and is acknowledged as a 
conservative value 

Race Bank 2009 0.996 for Sandwich tern, 
0.95 for all other species 

Sandwich tern, common tern, 
northern fulmar, little Gull, northern 
gannet, lesser black-backed gull, 
black-legged kittiwake, common 
guillemot, razorbill 

Sandwich tern avoidance rate based on data 
from Zeebrugge, SNH guidance from 2005 
(SNH 2010) for other species, but also 
discussion as to whether higher avoidance 
rates may be appropriate in some cases 
(Gannet and Lesser Black-Backed Gull) 

Dudgeon 2009 0.996 for Sandwich Tern, 
0.99 for lesser black-
backed gull, 0.97 Northern 
gannet 

Sandwich tern, lesser black-backed 
gull, northern gannet 

Evidence presented in Everaert & Stienen 
(2006) & Everaert (2008) for Sandwich Tern 
and recommendations in Maclean et al. 

(2009) for Gannet and Lesser Black-backed 
Gull 

LID6 2010 0.95 for all species Black-throated diver, great northern 
diver, northern gannet, dark-bellied 
brent goose, little gull 

Follows SNH guidance from 2005 (SNH 
2010) and is acknowledged as a 
conservative value 

Triton Knoll 2011 0.98 for all species Northern fulmar, little gull, black-
legged kittiwake, Sandwich tern, 
northern gannet, common guillemot, 
Arctic skua, lesser black-backed gull, 
great black-backed gull, common tern 

Follows SNH guidance from 2005 (SNH 
2010) guidance 

Galloper Offshore 
Windfarm 

2011 0.99 for gulls, 0.98 for 
other species 

Red-throated diver, northern gannet, 
Arctic skua, great skua, common gull, 
lesser black-backed gull, herring gull, 
great black-backed gull, black-legged 
kittiwake 

Evidence from ‘vantage point surveys’ for 
gulls, follows SNH (2010) guidance for all 
other species 
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Offshore windfarm Year Avoidance rate(s) used Species considered Justification 

Rampion 2011 0.995 for Northern gannet, 
Gulls sp. , skuas spp  and 
Auks, 0.99 for terns sp. and 
waterbirds 

Brent goose, common scoter, 
northern gannet, bar-tailed godwit, 
Eurasian curlew, great skua, 
Mediterranean gull, common gull, 
lesser black-backed gull, herring gull, 
great black-backed gull, black-legged 
kittiwake, Sandwich tern, common 
guillemot, barn swallow, meadow 
pipit 

Follows Maclean et al. (2009) 
 

Aberdeen Offshore 
Windfarm 

2012 0.98 for all species Common guillemot, razorbill, Atlantic 
puffin, northern fulmar, common tern, 
Sandwich tern, herring gull, black-
legged kittiwake, great black-backed 
gull, common gull, common scoter, 
common eider, European shag, great 
cormorant, northern gannet, red-
throated diver, Arctic skua 

Follows SNH (2010) guidance 

Blyth Offshore 
Demonstration Project 

2012 0.98 for all species Northern gannet, common gull, 
herring gull, great black-backed gull, 
little gull, black-legged kittiwake, 
common tern 

Follows SNH (2010) guidance 

Hornsea Project One 2012 0.98 for all species Northern fulmar, northern  gannet, 
black-legged kittiwake, little gull, 
common gull, great black-backed gull, 
lesser black-backed gull, herring gull, 
common tern, Arctic tern,  common 
guillemot, razorbill, Arctic skua, great 
skua 

Follows SNH (2010) guidance 
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Offshore windfarm Year Avoidance rate(s) used Species considered Justification 

Irish Sea 2012 0.98 for all species Manx shearwater, great black-backed 
gull, lesser black-backed gull, herring 
gull, black-legged kittiwake, northern 
gannet, Greenland white-fronted 
goose 

Follows SNH (2010) guidance 

East Anglia One 2012 0.98 for all species Fulmar, northern  gannet, black-
legged kittiwake, common gull, lesser 
black-backed gull, Herring gull, great 
black-backed gull 

Follows SNH (2010) guidance 

Firth of Forth Alpha and 
Bravo 

2012 0.98 for all species Northern gannet, black-legged 
kittiwake, lesser black-backed gull, 
herring gull, great black-backed gull 

Follows SNH (2010) guidance 

Beatrice Offshore Windfarm 2012 0.99 for all species Arctic skua, Arctic tern, northern 
fulmar, great black-backed gull, 
northern gannet, herring gull, black-
legged kittiwake, great skua, common 
guillemot, razorbill 

Review of micro-and macro-avoidance rates 
and criticism of the transferability of 
avoidance rates between onshore and 
offshore windfarms in MacArthur Green 
(2012) 

Dogger Bank Creyke Beck A 
and B 

2012 0.99 for Northern gannet, 
0.98 for all other species 

Northern fulmar, northern gannet, 
great skua, Arctic skua, black-legged 
kittiwake, lesser black-backed gull, 
great black-backed gull, common 
guillemot, razorbill, little auk, Atlantic 
puffin 

Evidence from Egmond aan Zee(Krijgsveld et 

al. 2011) and elsewhere supporting 0.99 for 
Gannet and following SNH (2010) guidance 
for all other species 

Moray Firth Offshore 
Windfarm 

2012 0.995 for Northern gannet, 
0.985 for lesser black-
backed gull, 0.99 for black-
legged kittiwake 

Northern Gannet, black-legged 
kittiwake, herring gull, great black-
backed gull 

Consideration of micro-and macro-
avoidance rates presented for Dutch and 
Belgian windfarms (Everaert 2008, 
Krijgsveld et al. 2011) 
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Offshore windfarm Year Avoidance rate(s) used Species considered Justification 

Nearth na Gaoithe 2012 0.998 for Northern gannet, 
0.995 for gulls sp., 0.98 for 
Arctic tern 

Northern gannet, little gull, lesser 
black-backed gull, herring gull, great 
black-backed gull, black-legged 
kittiwake, Arctic tern 

High macro-avoidance rates for gannets 
presented in Leopold et al. (2011) suggest 
that avoidance rates presented in both SNH 
(2010) guidance and MacLean et al. (2009) 
are likely to be over precautionary for 
gannet. Tern and gull avoidance rates follow 
Maclean et al. (2009) 

Bligh Bank Windfarm 
(Belgium) 

2013 0.976 micro-avoidance rate 
for all species 

Common gull, lesser black-backed gull, 
herring gull, great black-backed gull, 
black-legged kittiwake 

Based on rates estimated at Egmond aan 
Zee by Krijgsveld et al. (2011) 

Walney Extension Offshore 
Windfarm 

2013 0.98 for all species Whooper swan, pink-footed goose, 
lesser black-backed gull 

Follows SNH (2010) guidance 

Burbo Bank Extension 2013 0.98 for all species Red-throated diver, Manx shearwater, 
common scoter, little Gull, black-
headed gull, herring gull, lesser black-
backed gull, common tern, Arctic tern, 
Sandwich tern, great cormorant, 
northern gannet, Arctic Skua, great 
skua, black-legged kittiwake 

Follows SNH (2010) guidance 

Atlantic Array 2013 0.98 for all species Manx shearwater, northern gannet, 
lack-legged kittiwake, lesser black-
backed gull, herring gull, great black-
backed gull, common guillemot 

Follows SNH (2010) guidance 

Inch Cape 2013 0.99 for Northern gannet, 
0.98 for all other species 

Northern gannet, Arctic skua, 
pomarine skua, great skua, black-
legged kittiwake, great black-backed 
gull, herring gull 

Evidence presented from Egmond aan Zee 
to justify 0.99 for gannet, follows SNH 
(2010) guidance for all other species 
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5. REVIEW OF PUBLISHED EVIDENCE FOR AVOIDANCE RATES OF MARINE BIRDS 

 
This section provides a review of published evidence for macro-response (section 5.1), meso-
response alone (section 5.2), micro-avoidance alone (section 5.3) and overall within-windfarm 
avoidance (i.e. combined micro-/meso-avoidance; section 5.4). For macro response rates (section 
5.1) we consider data collected from the offshore environment only. The more limited evidence base 
for meso-response and micro-avoidance rates (sections 5.2 and 5.3) meant that it was necessary to 
include some evidence from the onshore environment. The difficulties in obtaining estimates of 
collision rates in the offshore environment mean that the majority of the evidence that relates to 
within-windfarm avoidance rates (section 5.4) originates from the terrestrial environment. 
 
5.1 Review of Published Evidence for Macro-response Rates of Marine Birds 

  

Here we consider macro-responses as including: (i) barrier effects for migrating birds or those 
commuting between breeding colonies and foraging areas; (ii) displacement effects from the 
windfarm area leading to an effective loss of habitat; and (iii) attraction. Each of these responses 
may result in a change in the numbers of birds in flight present within the perimeter of the windfarm 
between the pre- and post-construction periods. As collision risk modelling is usually based on the 
number of birds present during the pre-construction period, these changes must be accounted for as 
part of the collision risk modelling process. All of the studies we consider in this section originate 
from the offshore environment.  
 
5.1.1 Causes of barrier, displacement and attraction effects 

 
The term barrier effects describes the behavioural response of flying birds to the presence of the 
windfarm. The windfarm acts as a physical barrier, impeding the most direct route to a bird’s 
destination, necessitating a change in flight direction in order to avoid entering the windfarm. This 
will ultimately reduce the numbers of birds recorded in flight within the windfarm area. 
 
The effects of displacement are harder to classify since the habitat within the area of the windfarm 
may have been used by birds for a variety of purposes, notably foraging, but potentially other 
essential maintenance behaviours, such as moulting, preening or forming rafts. The availability of 
alternative foraging habitat may be more restricted, however, and hence for the purpose of this 
review we consider displacement as the inability of a bird to forage in a particular area due to the 
presence of the turbines. This may be manifested as a reduction in the number of birds flying into 
the area of the windfarm to look for food but this does not necessarily mean that birds will no longer 
enter the windfarm. It is possible, for example, that some species may land outside the windfarm 
and swim into the windfarm area. Studies of displacement, however, have tended to report the 
changes in all observed birds within the windfarm’s perimeter relative to the areas outside and have 
not differentiated between the numbers flying and those recorded on the water. To better inform 
both studies of displacement and macro-avoidance, it would be prudent in future studies to 
separate flying birds from birds on the water when reporting displacement rates. Another important 
consideration relates to the flight height information that may be collected during surveys. This is 
primarily used to inform collision risk, but could potentially be used to inform on the vertical 
avoidance of birds over or under the rotor swept area.  
 
 
Attraction is defined as an increase in numbers of birds within the windfarm area post-construction 
and can arise though several means. The monopiles of the turbine can act as a useful platform for 
birds to dry their feathers, rest, and socialise (e.g. great cormorant, Lindeboom et al. 2011). There is 
also evidence that structure of the turbines may also provide feeding opportunities through changes 



 

BTO Research Report No. 656 

September 2014 50 

 

in local hydrography, seabed morphology or by act acting as an artificial reef (Inger et al. 2009, 
Wilson & Elliot 2009, Maar et al. 2009, Lindeboom et al. 2011). Whilst there is the potential for 
collision risk to increase, as a result of attraction into the windfarm area, this will only occur if birds  
utilise the space covered by the rotor swept area.   
 
5.1.2 Overall approach to assessing evidence for barrier, displacement and attraction effects 

 
In reality, the ability to differentiate between birds exhibiting barrier and displacement effects may 
not always be possible since both are manifested as a decrease in the numbers of birds within the 
windfarm area (as defined both horizontally and vertically). For the purpose of this review, however, 
we will critique studies carried out at windfarms according to the type of effect they were designed 
to look at. For each example we present the relevant methods, key results and an overall 
assessment of the appropriateness of their use in looking at the effect they were designed to 
measure. Although our brief was to examine the evidence for five key species being considered in 
this review, we have also included several examples which have been cited as providing supporting 
evidence of macro-avoidance for seabirds in general (e.g. Desholm & Kahlert 2006 study on common 
eider and geese spp). We have not included studies carried out solely on migrating terrestrial 
species, e.g. such as pink-footed geese at Lynn and Inner Downing windfarm (Plonczkier & Simms 
2012). 
 
5.1.3 Studies of barrier effects  

 

5.1.3.1 Methodologies used to look at barrier effects 

 

Barrier effects have been measured mostly using (horizontal) radar and/or visual observations from 
fixed observation points (see Table 5.1 for summary). Radar technology has been used to measure 
barrier effects directly by quantifying the percentage of bird tracks that are deflected away from the 
windfarm, and also to look at the distance at which the deflection occurs (e.g. Peterson et al. 2006). 
However, due to technological constraints of horizontal radar (see below), this has been limited to 
quantifying horizontal macro-responses only.   Radar has also been used to look at barrier effects 
indirectly by comparing the number of flight paths (tracks) inside and outside the windfarms (e.g. 
Krijgsveld et al. 2011), to look at the densities of tracks in relation to distance from the windfarm 
(e.g. Skov et al. 2012) or to look at percentages of flight paths flying towards, away from and parallel 
to the windfarm (Blew et al. 2008). Such indirect measures may not necessarily be able to 
differentiate between barrier and displacement effects however. Visual observations, whilst also 
critical for the validation of the results of the radar, in terms of providing species identification and 
relative abundance, have also been used independently to compare numbers of birds in flight inside 
and outside the windfarm (e.g. Krijgsveld et al. 2011) although again, these methods may not 
necessarily preclude the possibility of inadvertently measuring displacement effects. Emerging 
technology in the form of laser range finders has also recently been used (e.g. Skov et al. 2012), and 
there may be scope to apply this approach in the context of barrier effects. There have been 
examples, notably in the UK, where data collected from boat based surveys have been used to look 
at barrier effects but this methodology is not considered to adequately provide the quantification 
needed here (MMO 2014).  
 
There are number of limitations associated with the use of radar (for further discussion see 
Krijgsveld et al. 2011 and Peterson et al. 2006) in terms of deriving avoidance rates: (i) Identification 
to the species level is not possible without visual validation and even then this information is 
generally only available as the species composition of birds passing through in a comparable time 
period – hence the values cited may be considered relevant only to the most commonly recorded 
birds species; (ii) There can be problems with distinguishing between flocks or individual birds – 
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tracks recorded by radar may therefore not necessarily correspond to individual birds and 
corresponding avoidance rates could be more representative for flocks (which are likely to vary in 
size); (iii) Detection issues exist with picking up individual birds or flocks of small birds; (iv) Detection 
of birds can be affected by environmental conditions such as wave height and rain; (v) Seabirds such 
as the northern gannet, tubenose spp, sea duck spp and alcid spp tend to fly in the troughs between 
waves (as a means of flying in the most energetically efficient manner). In conditions where the 
wave height is sufficiently high, the total number of these birds is likely to be underestimated; (vi) 
The relative orientation of the radar beam to the flight direction of the birds can also affect 
detection (flying head on into the beam is the best) – this can present challenges when considering 
the optimum position for the radar; (vii) Whilst the range of detection for radar exceeds that of 
visual observations, there is a risk that birds could start to change their flight orientation beyond the 
range of the radar which result in birds not being detected at all and hence the relative contribution 
of barrier effects to macro-responses is underestimated; (viii) Detection rates have been shown to 
be lower inside the windfarm due to interference caused by the presence of the windfarms (this is 
covered more extensively under the site accounts). Another considerable limitation of radar is that 
horizontal radar can only be used to record horizontal displacement (sometimes referred to as 
lateral displacement) as no information on altitude is collected. It is possible, therefore, that birds 
may fly over the windfarm at altitudes higher than the rotor swept area but this would not be picked 
up as avoidance behaviour (Blew et al. 2008). In contrast, vertical radar can only be used to 
determine flight height (altitude) and densities of birds in passage (flux) directly above the radar 
itself and provides insufficient information either on horizontal change or vertical avoidance that 
takes place outwith the windfarm perimeter. Radar  has been useful, however, in demonstrating the 
importance of time of day (day versus night time), wind direction (head versus tail wind), season 
(spring versus autumn) for avoidance rates (e.g. Peterson et al. 2006 and Krijgsveld et al. 2011). 
 
In terms of data collection issues for visual observations, there are also limitations when compared 
to radar: (i) Sampling is limited to daylight with reasonably calm conditions and good visibility. 
Although, under some circumstance, observations at night (e.g. moon watching) or auditory 
observations (based on bird calls) have been used, these have limited use; (ii) The range of detection 
is smaller; (iii) Individual observers may differ in assessing the distance and altitudes of birds, 
although there may be scope to reduce such differences through calibration with other techniques ( 
Mateos et al. 2010; Norman et al. 2005). 
 
5.1.3.2 Results of studies on barriers effects 

 
Overall there is very little species-specific evidence for the five priority species for macro-avoidance 
as consequence of barrier effects (see Appendix 1 for detailed site accounts) as radar was the most 
commonly used method. Of the studies reviewed all but one study looked at barrier effects during 
the post-construction period only – the exception being Nysted (Desholm & Kahlert 2005; Peterson 
et al. 2006) which also looked at the pre-construction period. Arguably comparison of the pre- and 
post-construction periods provides the most robust evidence for barrier effects rather than 
focussing solely on the post-construction period. Avoidance rates were only derived for three 
windfarms (see Table 5.1): (i) Egmond aan Zee (Krijgsveld et al. 2011); (ii) Nysted (Desholm & Kahlert 
2005; Peterson et al. 2006); and Horns Rev (Peterson et al. 2006). The latter two are not considered 
further here since the derived values are likely only to be relevant to common eider (and geese) and 
common scoter respectively. Whilst there has been some additional work carried out at the Alpha 
Ventus test site to look at barrier effects (BSH 2011 and Mendel et al. 2014), the data have not been 
presented in such a way that would allow the derivation of a macro-avoidance rate and are hence 
not considered further here. 
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The only study which has specifically looked at barrier effects for northern gannet was that of 
Krijgsveld et al. (2011) at Egmond aan Zee which derived a macro-avoidance rate of 0.64. This was 
derived from indirect measure of barrier effects using visual observations made during panoramic 
scans to calculate the number of birds in flight within, at the edge and outside the windfarm (and by 
using a factor to correct for relative surface area – see Appendix 1, section A1.1). It is therefore not 
possible to discount the possibility that the apparent decreases within the windfarm could have 
included displacement due to the methodology used. These data were based on a total of 405 
panoramic scans from spring 2007 to the end of 2009 (see Table 4.2 Krijgsveld et al. 2011) with 
particular emphasis on the spring and autumn periods as a total of 140 and 121 scans were carried 
out respectively compared to 71 and 73 scans in the summer and winter respectively. Overall, the 
samples sizes of the numbers of flying birds observed for northern gannet and common scoter were 
282 and 123, although these figures were not broken down on a seasonal basis. However, it is also 
worth highlighting that northern gannets’ use of the area – based on the density of flying birds – was 
highest during the spring, autumn and winter with an order of magnitude less use during the 
summer (mean density or numbers of birds per km2 per scan for the periods of spring, summer, 
autumn and winter were 0.03, <0.005, 0.05 and 0.02 respectively – see Table 8.3 Krijgsveld et al. 
2011). The extent to which the derived macro-avoidance rate is representative of breeding birds is 
thus questionable due to the relatively low use of the Egmond aan Zee site at this time and the 
lower sampling frequency). Therefore until such time that data are collected on northern gannet 
flights around OWFs specifically during breeding, this value should be applied with caution when 
considering the breeding season.  It is also worth noting that Krijgsveld et al. (2011) reported a 
deflection rate of 0.89 for northern gannet  based on the assessment of visual observations of flight 
paths. However, this result was based on a sample size of 38 birds and these observations were not 
based on systematic recording methods (c.f. the panoramic scans, which were based on strict 
protocols and recorded all birds seen). Consequently the authors do not recommend that these 
values be used as macro-avoidance rates (Karen Krijgsveld pers. comm.).  Note, however, that these 
deflection rates have been cited as evidence for macro-avoidance rates by industry (e.g. Natural 
Power 2013). 
 
There are no species-specific macro-avoidance rates, relating to barrier effects, for any of the four 
priority gull species of this review. Arguably, the most relevant study is that of Krijgsveld et al. (2011) 
which derived a value macro-avoidance rate of 0.18 for the generic group of gull spp. These data 
were based on the indirect measure of barrier effects of the relative percentage of tracks that were 
outside the windfarm in winter. This was justified on the grounds that the species composition of 
bird tracks was heavily dominated by gulls spp (and great cormorants) at that time of year. A 
deflection rate of 0.4 was reported  (based on the flight paths for 78 birds recorded as gull spp) but, 
as before, this value is not derived from systematic recording methods and the authors do not 
recommend this as evidence as macro-avoidance. 
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Table 5.1  Summary of key studies of barrier effects, the stage of data collection, methods used, parameters measured and species or species groups 
reported). Italics indicates species for which values were based on averages of other species (see Appendix 1 for site accounts) 

 
Windfarm 

site 

Study Stage of data 

collection 

Method used/parameter measured 

 

Species/spp groups (values of 

macro-avoidance are given in 

parentheses where available) 

Time of year 

data collected 

Egmond 
aan Zee 
 

Krijgsveld 
et al. 
(2011) 

Post-
construction 

Radar /Numbers of tracks inside and outside the windfarm 
 
 
 
 
 
Visual observations /Numbers of birds inside and outside the 
windfarm 

 
 

Gull spp (0.18) 

Grebe spp (0.28) 

Tubenoses spp (0.28) 

Skua spp (0.28) 

Tern spp (0.28) 

 

Northern gannet (0.64)   

Seaducks/scoter (0.71) 

Diver spp (0.68) 

Alcid spp (0.68) 

Winter 
All year 
All year 
All year 
All year 
 
All year 
All year 
All year 
All year 

Horns Rev 
I 

Peterson et 

al. (2006) 
Post-
construction 

Radar /The percentage of tracks that were considered to have a 
theoretical chance of entering the windfarm. 
 
Radar / The distance at which deflection occurs  

Common scoter (range 0.71-0.86 
based on inter-annual variation 
and the direction at which birds 
approach the windfarm)  

Spring/autumn 
combined 

Horns Rev 
I 

Blew et al. 
(2008) 

Post-
construction 

Radar - Orientation of tracks in relation to the windfarm (% flying 
towards, away or parallel to the windfarm) 

All birds Spring/autumn 
combined 

Horns Rev 
I and II 

Skov et al. 
(2012) 

Post-
construction 

Radar / Densities of tracks in relation to the radar station and 
windfarm  
 
Laser range finders / The distance at which deflection occurs (based 
on peak densities of radar tracks) 

Common scoter and all birds  Spring/autumn 
combined 

Nysted Peterson et 

al. (2006)  
 
Desholm & 
Kahlert 
(2005) 

Pre- and post-
construction 

Radar / The percentage of tracks that were considered to have a 
theoretical chance of entering the windfarm. 
 
Radar / The distance at which deflection occurs  

Common eider and geese spp 
(0.78 – inter-annual variation 
0.63-0.83) 

Autumn 

Nysted Blew et al. 
(2008) 

Post-
construction 

Radar / Orientation of tracks in relation to the windfarm (% flying 
towards, away or parallel to the windfarm) 

All birds Spring/autumn 
combined 
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5.1.4 Studies of displacement/attraction 

 

5.1.4.1 Methodologies (and survey design) used to look at displacement/attraction 

 
Data used to look at displacement effects have tended to be derived from boat and/or visual aerial 
surveys. Whilst industry guidance (Camphuysen et al. 2004) tends to be cited as the basis of the 
methodologies used, the extent to which guidelines are followed may be unclear (Maclean et al. 
2009). Although digital aerial surveys are becoming more commonly used by the offshore windfarm 
industry (MMO 2014, Mackenzie et al. 2013), there appears to be a lack of sites where this 
technology has been used during all phases of the development. Further consideration of the 
advantages and disadvantages of these methodologies are given in Mackenzie et al. (2013). 
Additional to these, and of relevance to the assessment of displacement, there are concerns that 
boat surveys may overlook birds flying at higher altitudes and that might, therefore, fly over 
windfarms (Hartman et al. 2012).  As is true for most of the studies designed to target barrier effects 
which may not necessarily exclude displacements effects, the same is true for the reverse situation.  
 
Studies of displacement effects carried out at offshore windfarm sites within the UK have largely 
been based on the Before and After Control Impact (BACI) design which was viewed as being best 
practice at the time these sites were being set up (based on Stewart-Oaten et al. 1986). The extent 
to which this approach has been successfully implemented has been hampered by inadequate 
survey design including: (i) Location of the reference site often situated immediately adjacent to the 
impact site of the windfarm area – thus any changes as result of the windfarm may be over- 
estimated e.g. displaced birds could move into the adjacent area resulting in higher numbers 
recorded than during the pre-construction period; (ii) Insufficient spatial coverage e.g. boat surveys 
often only covered the windfarm area and a buffer, hence any possible changes that may have 
occurred in the wider environment cannot be taken account of; (iii) Gaps in temporal coverage e.g. 
survey periods between the different phases of the development did not always correspond or 
visual aerial surveys having to be abandoned following construction of the windfarm, due to Civil 
Aviation Authority flight height restrictions; (iv) The ability to select of control sites which are truly 
comparable to the area impacted by the windfarm area (e.g. in terms of hydrography, seabird 
populations) has been questioned. For further consideration of these issues see MMO (2014).  
 
A further limitation of displacement studies in their survey design is that little consideration is 
usually given to the power to detect change, which is related to a number of factors including the 
frequency of surveys and their relative spatial and temporal coverage (Maclean et al. 2013; 
Vanermen et al. 2012; Pérez Lapeña et al. 2010). The distribution and relative abundance of seabirds 
show high levels of both spatial and temporal variability within and between years. Therefore the 
use of power analyses, particularly at the start of any offshore windfarm development, can be 
extremely helpful in determining the most appropriate survey design in order to be able to 
adequately test for whether a windfarm impacts birds through either displacement or attraction 
effects.   
 
There is also the problem that the post-construction reports, notably those leading up to the final 
report, have tended not to provide formal statistical analyses and any assessments of changes in 
species abundance are often based on simple comparisons of changes in absolute numbers or are 
qualitative (e.g. visual inspection of maps: MMO 2014). Even in instances where the significance of 
change has been looked at, the focus has been on measuring differences in numbers or densities 
between the pre-construction and post construction periods and any changes in distribution within 
the study area may go undetected (MacKenzie et al. 2013). Recently, there have been developments 
in model-based approaches such as density surface modelling (Rexstad 2011) which allow the 
inclusion of covariates (e.g. environmental such as water depth, sea surface temperature) which can 
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help better explain inherent spatial and temporal variability in the abundance and distribution of 
animal populations. The resulting distribution maps of relative abundance provide a more robust 
means of assessing whether changes have occurred as a result of the presence of an offshore 
windfarm. There also appears to also a shift away from using BACI survey design for looking at 
displacement, with a Before-After-Gradient approach being recommended (MMO 2014, Jackson & 
Whitfield 2011), and this is highly compatible with density surface modelling approaches.  
 
It is also important to highlight that displacement studies to date have tended to focus on comparing 
numbers or densities of birds pre-construction and post-construction which, in general, do not 
distinguish between birds in flight and birds on the water (the former group being more likely to 
show displacement). Despite ship-based data collection methods being distinct for birds on the 
water and birds in flight, counts are generally combined and for most studies presented below are 
not considered separately. Similarly, whilst visual aerial surveys do differentiate between birds on 
the water and those in flight, estimates are usually collated.  
 

5.1.4.2 Results of studies on displacement/attraction 
 

Of the studies considered, comparisons of pre -and post construction surveys were carried out in all 
cases with the exception of Egmond aan Zee (Leopold et al. 2011), where it was argued that this was 
not possible due to considerable annual variation in seabird presence (Appendix 2, section A2.1). 
Instead analysis of the effect of the windfarm was carried out based on individual surveys (e.g. 
species monthly counts which were converted into presence/absence data) for which there were 
sufficient data and the results should therefore be considered with caution (see Table 5.2).  
 
It was only possible to calculate actual values of macro-avoidance for a single study carried out at 
the Blighbank and Thorntonbank windfarms for which the model co-efficients generated from the 
Generalised Linear Models were provided (Vanermen et al. 2013). Results for Thorntonbank are not 
considered here, however, as they relate either to the first post-construction phase when only six 
turbines were operational or during the second phase of construction which was still ongoing at the 
time of reporting. Other studies have reported evidence for displacement or attraction based on the 
results of Jacob’s selectivity indices  (Nysted and Horns Rev - Peterson et al. 2006) or density surface 
maps of the predicted distribution over the different phases of the development (Robin Rigg – 
Natural Power 2014).  
 
For northern gannet there was strong evidence for displacement effects at Blighbank based on 
comparisons of pre- and post-construction data. From this study, therefore, it was possible to derive 
a macro-avoidance rate of 0.84 for northern gannet. Currently the vast majority of monitoring tends 
not to present a seasonal breakdown of displacement (macro-avoidance) values and this report does 
not differ in that respect. However, there is notable variation in the seasonal use of the windfarm 
and the surrounding area (termed the BPNS) by the northern gannet – mean numbers across the 
period of 2001-2007 in winter and autumn were 1,799 and 4,990  respectively compared to spring 
and summer at 737 and 556 respectively (see Table 2 in Vanermen et al. 2013). Therefore, as for 
barrier effects, the extent to which these data are representative of northern gannet during the 
breeding season is debateable. It is also worth reflecting that further monitoring work has been 
carried since the publication of Vanermen et al. (2013) and that these results should be considered 
as being provisional (Nicholas Vanermen pers. comm.). Potential corroboration that northern 
gannets are displaced by windfarms is also provided by results from Egmond aan Zee (Leopold et al. 
2011) where it was shown that the presence of northern gannets was significantly negatively related 
to the presence of the windfarm in two of nine monthly post-construction surveys (no other 
significant effects were reported for the other seven surveys). However the strength of this evidence 
is relatively weak as the analyses were based on within survey (monthly) comparisons – a 
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comparison of pre- and post-construction data was not considered feasible (see Appendix 2 – A2.1 
for further details.  The study at Robin Rigg found no response from northern gannet to the 
windfarm which tend to use the site mainly during the breeding season, though the pre-and post-
construction densities were generally rather low e.g. across the entire study within which the 
windfarm is located, a total of 352 birds were recorded in flight for the entire pre-construction 
period compared to 397 in the post construction period (up to and including year 3 -see Table 3.22 
in Natural Power 2014). Similarly at Horns Rev, there were never any birds recorded within the 
windfarm itself either pre- or post-construction (although an increased avoidance was reported for 
both the 2 km and 4 km buffers post-construction based on Jacobs’s selectivity indices).  More 
recent work carried out at Alpha Ventus was inconclusive as the overall abundance of northern 
gannet was very low e.g. a total of nine individuals were seen in the pre-construction period (BSH 
2011 and Mendel et al. 2014).  
 
Lesser black-backed gull was only considered by three of the studies reported in Table 5.2. There 
was strong evidence of very high levels of attraction at Blighbank (Vanermen et al. 2013) – with 
relative increases in numbers at the windfarm provisionally estimated in the order of 3.81 (see 
Appendix 2, section A2.3 for further details). Far weaker evidence to support lesser black-backed 
gulls being attracted to windfarms was provided from Egmond aan Zee (Leopold et al. 2011) where 
the presence of lesser black-backed gulls was significantly negatively related to the presence of the 
windfarm in at least one out of 12 possible monthly post-construction surveys. However, despite the 
results being suggestive of displacement, it was concluded by the authors that, given the strong 
association shown by lesser black-backed gulls to fishing vessels (based on anecdotal observations 
during the surveys) attraction to the windfarm was apparently being masked by their strong 
association with boats  which were excluded from the windfarm in the post-construction period. 
Completely contradictory results were derived for Alpha Ventus where comparison of the 
distribution of birds pre- and post-construction showed a marked decrease in densities (based on 
maps of 1 km2 cells) and statistically significantly lower abundances were reported for the 0-2 km, 2-
6 km and 6-10 km distance classes from the windfarm (BSH 2011 and Mendel et al. 2014). There is 
also no consistent pattern in the studies summarised in Table 5.2 for either displacement or 
attraction being shown by herring gulls, great black-backed gulls and black-legged kittiwake (Table 
5.2).   
 
Furness et al. (2013) developed a scoring system to quantify the vulnerability of marine bird 
population to offshore windfarms with respect to collision and disturbance/displacement. Northern 
gannet, lesser black-backed gull, herring gull, great black-backed gull, and black-legged kittiwake all 
scored very highly with respect to collision risk (within the top seven of all the species considered) 
and this was largely a result of time spent flying at rotor height (other parameters considered 
included flight agility, % of time flying, night flight and an overall conservation score). In contrast, 
with respect to displacement, all five species scored very low (species concern index values were no 
more than 6 compared to the highest value of 32). This was a result of the species being little 
affected by the disturbance effects associated with ships/helicopters and not being particularly 
constrained by foraging habitat (the same overall conservation score used for collision risk was also 
used with respect to displacement). Given this, it is therefore unsurprising that the majority of 
priority gull species appeared to show no consistent pattern for displacement.  
 
5.1.5 Evidence for an overall macro-response rate 

 

In terms of assessing whether changes in numbers (e.g. from the pre-construction to post-
construction periods) are statistically significant, this is has only been possible for displacement 
/attraction studies and not for barrier studies. The notable exception to this is the work carried out 
at Nysted windfarm (Desholm & Kahlert 2005; Peterson et al. 2006) where it was possible to record 
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the number of flight paths that changed their direction by comparison of the pre-and post- 
construction periods.  
 

There are also considerable issues in how data are collected in terms of differentiating between 
barrier and displacement effects. Migratory species, which have a distinct passage period during 
spring and/or autumn and do not occur in the vicinity of the windfarm outwith these periods (e.g. 
geese spp and passerine spp), are likely to experience solely barrier effects. In contrast, species 
which are resident in the vicinity of the windfarm, may be subject to a combination of barrier effects 
or displacement /attraction effects (e.g. the vast majority of seabird spp, at least in the breeding 
season). This is certainly the case for all of the five priority species being considered here and to 
date, there has not been a single study which can be considered as exclusive evidence for either 
barrier or displacement effects. 
 
It is also worth flagging up that the extent to which impacts of the windfarm actually affects bird 
populations is likely to be site specific. Therefore it would be reasonable to expect that the barrier 
effects for migrating birds are far more likely to be pronounced when offshore windfarms are 
located on major flyways. Similarly, an offshore windfarm that is located within the foraging ranges 
of breeding seabirds is more likely to be an issue in terms of barrier and displacement/attraction 
effects compared to one that is not (although the latter scenario is unlikely). Another consideration 
which has been picked up by this review occurs when the windfarm has relatively low numbers of 
certain species using the site pre-construction. This may give a misleading impression as to the 
extent of any changes pre- and post-construction. Whilst an increase or decrease in numbers 
between these periods may give the impression of a significant effect, the power to detect such a 
change is extremely low, and, as a consequence, we cannot have much confidence in these results.  
 

Another important caveat related to all studies of barrier and displacement/attraction effects, is that 
there has been very little attention given to teasing out potential variation over the annual cycle and 
only a single value of relative change between pre- and post-construction is presented. Yet there 
may be significant time and energy constraints imposed by the breeding season when birds have to 
return repeatedly to the nest whereas at other times of year they can move more freely (Stephens 
et al. 1986). In addition to this shift due to the onset of the breeding season, notable changes in 
foraging behaviour within the breeding season have also been extensively documented in seabirds 
(e.g. black-legged kittiwake trip duration typically decreases from incubation to the chick rearing 
period due to the need to feed the young frequently Hamer et al. 1993). Hence, the response of 
foraging and commuting birds to the presence of a windfarm may vary according to the stage of 
their life cycle e.g. birds which are limited in terms of time or energy may be willing to take more 
risks by entering the windfarm when otherwise they would simply avoid the area. While, due to the 
absence of evidence, any such seasonal variation in birds’ responses to the impacts of windfarms is 
hypothetical, when utilising derived macro avoidance rates, the extent to which these values are 
considered representative for all times of year should be given careful consideration, particularly if 
they contribute to the collision risk modelling. There may also be further scope in the future for 
investigating variation in macro-responses between the breeding and non-breeding seasons 
(although investigating within the breeding season differences may be more problematic).  
 

Among the priority species considered by this review, there is limited evidence, however, to suggest 
that northern gannet may show a tendency towards a negative macro–response. The study of 
barrier effects at Egmond aan Zee, Krijgsveld et al. (2011) suggests a macro-avoidance rate of 0.64, 
while the study of displacement at Blighbank, Vanermen et al. (2013) suggests a macro-avoidance 
rate of 0.84. At this stage, the lower and therefore the most conservative of these values is assumed 
to be a reasonable macro-response rate. 
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In contrast, there is a lack of species- or even species group-specific evidence for barrier effects 
relating to gulls. With respect to displacement/attraction, the evidence is equivocal, with some 
studies suggesting evidence for attraction, others evidence for displacement, and others no 
significant response. For gulls, the balance of evidence thus suggests a macro-response of 0 (i.e. no 
attraction to or avoidance of the windfarm). 
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Table 5.2  Summary of key studies of displacement and attraction studies, the stages of development at which data were collected, main methods 
used, parameters collected, species reported and responses. Grey indicates species which were not covered by that particular study. For 
further information see Appendix 2 for site accounts. 

 
 
 
Windfarm Study Survey/s 

used 
 Modelling approach Species Response (values are given in 

parentheses where available) 

Displacement Attraction None 

Blighbank Vanermen et 

al. (2013) 
Boat Generalised linear models with a 

negative binomial distribution 
with count data as the response 

Northern gannet �(0.84)1   

Lesser black-backed gull  �(-3.81)6  

Herring gull  �(-51.98)6  

Great black-backed gull   � 

Black-legged kittiwake   � 

Egmond aan 
Zee 
 

Leopold et al. 
(2011) 

Boat  Presence/absence modelling of 
individual monthly surveys 
(Generalised Additive 
Modelling)2 

Northern gannet (10/2) 2 �   

Lesser black-backed gull (12/1) 2  �   
Herring gull (14/3) 2 �   
Great black-backed gull (17/6) 2 �

4 �
5  

Black-legged kittiwake (5/1) 2  �  
Horns Rev Peterson et al. 

(2006) 
Aerial 
 

Comparison  of Jacob’s 
Selectivity Indices  
 
Encounter rates per survey km 
(students t-test)   

Northern gannet    � 

Lesser black-backed gull    
Herring gull   � 

Great black-backed gull    
Black-legged kittiwake    

Nysted Peterson et al. 
(2006) 

Aerial 
 

Comparison  of Jacob’s 
Selectivity Indices  
 
Encounter rates per survey km 
(students t-test)   

Northern gannet     

Lesser black-backed gull    
Herring gull   � 

Great black-backed gull    
Black-legged kittiwake    

Alpha 
Ventus 

BSH (2011) 
and Mendel et 

al. (2014) 

Boat and 
aerial  

Comparison of changes 
distribution patterns (1 km2) 

 

Generalised Linear Mixed 
Models with a Poisson error7  

Northern gannet   � 

Lesser black-backed gull �   
Herring gull    
Great black-backed gull    
Black-legged kittiwake �   
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Windfarm Study Survey/s 

used 
 Modelling approach Species Response (values are given in 

parentheses where available) 

Displacement Attraction None 

Robin Rigg Natural Power 
(2014) 

Boat  Generalised Additive mixed 
effects mixture modelling within 
a Bayesian framework  

Northern gannet -   � 

Lesser black-backed gull    
Herring gull �   
Great black-backed gull �

3   
Black-legged kittiwake   � 

1 See Appendix 2 for calculations 
 2 The total numbers of post-construction monthly surveys for which there were sufficient data for modelling / the number of which the results were significant 
 3 Between pre-construction and construction only 
4 Four surveys 
5 Two surveys. 
 6 negative values for attraction;  
7 lesser black-backed gull only. 
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5.2 Review of Published Evidence for Meso-Response Rates of Marine Birds 

 

5.2.1 Studies of meso-avoidance 
 
Within a windfarm, birds may respond to the presence of a turbine either by altering the altitude at 
which they fly, termed a vertical meso-response, or by altering the flight path they take, termed a 
horizontal meso-response. This is distinct from micro-avoidance, which occurs as a ‘last-second’ 
reaction to avoid collision, as meso-responses may take place at some distance from the turbines 
but still within the windfarm site.  
 
On entering a windfarm, birds may alter their horizontal flight path so that they fly around, or 
between, turbines, thereby lowering their risk of collision. Alternatively, they may make no 
response, or even be attracted to a turbine, as a potential roost or perch. In such circumstances, the 
risk of collision for each individual bird would remain the same, or increase. Such behaviours can be 
assessed by examining flight paths within the windfarm and considering whether these show a 
change in direction as they approach the turbines or considering whether birds approach turbines in 
the proportions that may be expected if they were randomly distributed within the windfarm. 
 
Birds may also alter their flight heights in response to turbines. They may alter their flight heights so 
that they fly under, or above, the turbines in order to avoid collision. Alternatively, they may make 
no alteration to their flight height in response to encountering a turbine, meaning either they make 
a horizontal alteration to their flight path to avoid collision, or their risk of collision remains the 
same.  
 

Avian flight heights are commonly assessed during surveys of onshore or offshore windfarms. 
However, concluding that a certain proportion of birds might fly below the rotor swept area of a 
turbine does not necessarily imply avoidance behaviour as seabirds commonly fly at low altitudes in 
the absence of turbines (Cook et al. 2012, Johnston et al. 2014a). In order to assess the scale of any 
vertical responses to turbines it is necessary to compare the proportion of birds flying at rotor height 
within the windfarm to data collected either prior to the windfarm construction, or to the 
proportion of birds flying at rotor height in control areas adjacent to the windfarm.  
 
5.2.2 Horizontal meso-response conclusions 

 

Evidence for the extent and direction of horizontal meso-responses to turbines is extremely limited 
(see Appendix 3). We identified two studies with relevant information from the onshore 
environment (Everaert 2008 and Janoska 2012) and two studies from the offshore environment 
(Skov et al. 2012 and Krijgsveld et al. 2011). At De Put in Belgium, no evidence of a response was 
recorded amongst either black-headed or common gulls (Everaert 2008). Similarly, the data 
presented for Horns Rev I and II in Denmark only support a meso-response for large gulls, with none 
of the 402 flight paths recorded passing within less than 50 m of a turbine (Skov et al. 2012). The 
data presented do not make it possible to determine whether meso-responses occur within 
northern gannet, common scoter or terns although, on average these species passed turbines at a 
greater distance than large gulls. Data from two terrestrial sites in Hungary also suggest a strong, 
meso response for large gulls, with only 2.5% of birds flying within 75 m of a turbine (Janoska 2012). 
However, confidence in these data is extremely limited given the lack of detail available about the 
methodology of this survey. The strongest evidence for a meso-response rate from an offshore 
windfarm comes from Egmond aan Zee in the Netherlands. Here, the number of birds recorded by 
radar within 50 m of a turbine was 66% of those recorded elsewhere within the windfarm (Krijgsveld 
et al. 2011), reflecting a meso-response rate of 0.34, considerably lower than the meso-response 
rate reported in the Hungarian study.  
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However, it should be noted that measurements of the proportions of birds passing within a set 
distance of a turbine may not be an accurate reflection of the true meso-response rate. To estimate 
species’ meso-response rates it is necessary to consider whether the proportion or density of birds 
in areas close to turbines is higher or lower than would be expected within the windfarm as a whole. 
This could, potentially, be assessed either through visual observations during surveys of the area, or 
with the use of remote tracking technologies, such as radar. At present, however, such data are too 
limited to reliably quantify the horizontal meso-response rates of birds within a windfarm.  
 

5.2.3  Vertical meso-response rates conclusions 

 

All evidence for vertical meso-response rates which we identified originated from the offshore 
environment (Table 5.3). The quality of evidence presented by each of these studies varies 
considerably (see Appendix 4). For example, at Blyth, there was a reported increase in the 
proportion of birds flying at altitudes of more than 9.1 m above mean sea-level between pre- and 
post-construction (Rothery et al. 2009). However, as the rotor sweep of turbines at this site is 
between 26.4 and 92.4 m above mean sea level, it is unclear as to whether, despite this apparent 
increase in flight height post-construction, there was a significant increase in the proportion of birds 
flying at rotor height. Similarly, data from Nysted and Horns Rev were collected by radar and cover 
all birds flying below 200 m above mean sea level and are also, therefore, likely to incorporate a 
significant number of birds flying outside the rotor sweeps at these sites (Blew et al. 2008). Due to 
the significant proportion of birds in both of these studies that are likely to fly outside the turbine 
rotor sweeps, it is not possible to obtain useful information about the level of vertical meso-
responses from either. In addition, at Robin Rigg (Natural Power 2013) concerns have been raised 
about the power of the available data to detect changes in species’ flight heights, and about the 
methodology used to collect data on species in flight which may have led to the double-counting of 
individuals. For these reasons, data from these sites are not considered further in this section.  
 
Of the remaining sites, estimates of vertical meso-avoidance rates can be obtained from Barrow 
(Barrow Offshore Wind Farm Ltd) and Gunfleet Sands (NIRAS 2011, GoBe Consultants Ltd. 2012) by 
comparing the proportion of birds flying in different height bands pre- and post-construction, and at 
Egmond aan Zee (Krijgsveld et al. 2011) by comparing the proportion of birds at different heights 
inside and outside the windfarm. Of the species or groups for which data were available, only divers 
showed a consistent vertical response to turbines, in the form of a reduced proportion of birds at 
rotor height. Other species appear to show a full range of responses covering a strong vertical 
avoidance to a strong vertical attraction. For example, the proportion of northern gannet assessed 
to be flying at heights placing them at risk of collision increased by 59% between pre- and post-
construction at Barrow, but the proportion at risk height at Egmond aan Zee within the windfarm 
was 49% lower than the proportion outside the windfarm. A similarly mixed picture is evident for 
each of the remaining four priority species. The differences in the methodologies used by each study 
and the inconsistency in the different results mean it is not possible to draw conclusions about the 
magnitude or direction of any vertical meso-response to turbines.  
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Table 5.3  Vertical meso-avoidance rates obtained from reviewed studies – see Appendix 4 for 
the origin/derivation of these figures. Values of 0 indicate no response, values <0 
indicate an attraction response, values >0 indicate an avoidance response.  

 
 Barrow Blyth 

Summer 

Blyth 

Winter 

Egmond 

aan Zee 

Gunfleet 

Sands 

2010/11 

Gunfleet 

Sands 

2011/12 

Nysted / 

Horns Rev 

Robin 

Rigg 

 Barrow 

Offshore 

Wind Farm 

Limited.  

Rothery et 

al. (2009) 

Rothery et 

al. (2009) 

Krijgsveld 

et al. 

(2011) 

Niras 

(2011), 

GoBe 

Consultant

s Ltd, 

(2012) 

Niras 

(2011), 

GoBe 

Consultants 

Ltd, (2012) 

Blew et al. 

(2008) 

Natural 

Power 

Consulta

nts 

(2012) 

Diver spp     1.00 1.00   

Red-throated 
diver 

    0.39 0.86   

Northern 
gannet 

-0.59 -27.00 exp* 0.49    exp* 

Common 
scoter 

-0.24 0.00 0.00      

Common 
eider 

 0.00 -2.00      

Great 
cormorant 

exp* -1.38 -0.61 -0.38    exp* 

Arctic skua -1.00        

Black-headed 
gull 

0.56 0.07 -7.00 0.49 -10.70 1.00   

Common gull exp*   -0.20 -0.25 0.33   

Little gull    -0.65     

Black-legged 
kittiwake 

-0.41 -0.14 -28.00 0.20 -0.47 0.05  -1.00 

Small gulls    -0.26     

Lesser black-
backed gull 

0.72   -1.00 -0.44 0.00   

Herring gull 0.35 -1.16 -1.67 0.02 -0.02 0.11  -8.00 

Great black-
backed gull 

0.28 -1.38 -3.50 0.17 -0.75 -0.53  -0.67 

Large gulls    -0.01     

Gull spp -0.85   0.45 -1.98 -1.13   

Sandwich 
tern 

0.56 -1.94  0.35     

Common 
guillemot 

-1.00        

Auks spp -1.00        

Daytime 
migrants 
<200 

      0.17  

Night time 
migrants 
<200 m 

      0.18  

*Increase in the number of birds recorded from 0 in pre-construction surveys, meaning it is not 
possible to calculate a proportional increase.  
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5.2.4  Meso-response rates conclusions 

 

Data quantifying meso-response rates to turbines within offshore windfarms are extremely limited 
and of variable quality. Overall, evidence describing horizontal meso-responses appears to be 
stronger than the evidence for vertical meso-responses. Data from one onshore (Janoska 2012) and 
one offshore site (Krijgsveld et al. 2011) appear to suggest a moderate, negative horizontal meso-
response to turbines. Whilst there was a stronger meso-response rate at the onshore site, a lack of 
methodological detail made it difficult to understand the reasons for this difference. Furthermore, 
an additional two studies did not offer evidence of a horizontal meso-avoidance rate (Everaert 2008, 
Skov et al. 2012). As all  four studies we identified had limitations at this stage it is not possible to be 
confident about the magnitude of any horizontal meso-response, particularly at a species specific 
level. Whilst a greater quantity of data were available describing vertical meso-responses to 
turbines, the variable nature of these data and limitations associated with each study, mean it is not 
possible to draw firm conclusions about either the magnitude or direction of any vertical meso-
response. Particular concerns included the low power of some of the datasets, and a lack of overlap 
between the height bands assessed and the rotor-swept areas of the installed turbines. 
 
However, some studies do indicate how meso-responses may vary within-windfarms. Data from 
Horns Rev suggest that as birds travel further into a windfarm, they respond more strongly to 
turbines, with a greater number of directional changes in response to the third or fourth turbine 
rows than to the first or second rows (Petersen et al. 2006). Similarly, the operational status of 
turbines may influence species responses. Again at Horns Rev, common scoter, Arctic skua, herring 
gull, great black-backed gull, kittiwake, common/Arctic tern and Sandwich tern were all found to be 
less likely to pass by operational than non-operational turbines. This response is even stronger when 
considering birds passing between two adjacent turbines which are both either operational or non-
operational (Petersen et al. 2006). Similar results have been found at Alpha Ventus and Egmond aan 
Zee, where concentrations of birds were higher when turbines were non-operational than when 
they were operational (Krijgsveld et al. 2011, Mendel et al. 2014).  
 

5.3 Review of Published Evidence for Micro-Avoidance Rates of Marine Birds 

 
5.3.1 Studies of micro-avoidance 
 
We consider micro-avoidance to be the ‘last-second’ action taken to avoid collision with a turbine. In 
practice, this can be difficult to measure given the effort required to generate meaningful data. 
Several strategies have been employed to collect such data including: direct observations of bird 
interactions with turbines, using radar to track birds as they approach turbines and fitting cameras 
to turbines to record interactions. Interpretation of these data may be challenging and necessitate 
subjective judgements in relation to whether a bird is at risk of collision and what behavioural 
responses reflect a reaction.  
 
5.3.2 Micro-avoidance conclusions 

 

Data describing the ‘last-second’ response of birds to turbines have been collected from 16 
individual turbines, of which 14 were offshore and two were onshore, across four sites for in excess 
of 3,000 hours (Desholm 2005, RPS 2011, Krijgsveld et al. 2011, Wild Frontier Ecology 2013; see 
Appendix 5). Despite this effort, very few birds have been recorded passing close enough to turbine 
rotors to necessitate micro-avoidance action. In total, 45 birds (excluding those recorded at Nysted 
in Denmark, which were not recorded passing within less than 20 m of turbines, Desholm 2005) have 
been recorded passing close enough to turbines to necessitate some form of avoidance action, and 
at least 42 of these have been recorded as taking some form of avoidance action (RPS 2011, 
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Krijgsveld et al. 2011, Wild Frontier Ecology 2013). The remaining three birds were tracked at 
Egmond aan Zee in the Netherlands, using radar and it is unclear whether or not these may also 
have taken some form of avoidance action, although they were not recorded as colliding with the 
turbines (Krijgsveld et al. 2011).  
 
These data suggest that last-second action to avoid collision is an extremely rare event. This is not 
because birds do not respond to turbines, but because most avoidance action takes place at 
distances from the turbines beyond which the methodologies in the studies above could record (i.e. 
at the meso- and/or macro scales). Whilst only limited data are available describing micro-avoidance 
rates, the 45 flights considered in the studies described above suggest that a high proportion of 
birds, >0.93 based on the data described above, may take last second action to avoid collision.  
 
5.4 Review of Published Evidence for Within-Windfarm Avoidance Rates of Marine Birds 

 

5.4.1 Background 

 

In addition to monitoring behavioural avoidance of birds at windfarms, as described in the micro-
avoidance and meso-response sections above, a key part of the post-construction monitoring 
programmes at onshore windfarms is recording the incidence of collisions between birds and 
turbines. This is typically achieved through organised searches at regular intervals around turbine 
bases (e.g. Winkelman 1992, Thelander et al. 2003, Everaert 2008). Corrections are then applied to 
account for factors including searcher efficiency and the removal of corpses by scavengers (e.g. 
Winkelman 1992). These records are often presented as a collision rate per turbine per year (e.g. 
Winkelman 1992, Musters et al. 1996, Brown & Hamilton 2004, 2006, Grunkorn et al. 2009). Whilst 
such values may provide a useful comparison of collision risk between individual turbines within a 
windfarm, or between windfarms in general, they do not, by themselves provide useful information 
about the behavioural responses of birds to the presence of turbines.  
 
In order to use collision rates to derive meaningful information about the behavioural responses of 
birds to the turbines, it is necessary to combine them with an estimate of the rate at which birds 
pass through the windfarm. Estimates of the rate at which birds pass through the windfarm can be 
derived by converting the total number of birds observed over a known period of time into an 
hourly, or daily rate. These flux rates can then be multiplied by the total length of the study period, 
taking care to correct for factors such as variable day length, to estimate the total number of birds 
passing through the windfarm during the period in question – for example, the months over which 
searches were made for collision victims. It may also be necessary to rescale these estimates, for 
example if only a proportion of the windfarm was covered during surveys. However, as movement 
data refer to the windfarm as a whole, it is not possible to separate the meso and micro elements of 
these mortality derived avoidance rates. For this reason, these are collectively referred to as within-
windfarm avoidance rates.  
 
5.4.2 Methodology 

 

5.4.2.1 Deriving within-windfarm avoidance rates 

 

We identified 20 sites at which data were available combining an estimate of the collision rate with 
an estimate of the rate of flux through the windfarm that made it possible to derive within-windfarm 
avoidance rates (see Appendix 6). Of these, 17 sites were onshore and three were offshore. Using 
the methodology set out in Band (2007) it is possible to calculate the number of birds expected to 
collide with turbines at each of these sites if no avoidance action is taken.  
 



 

BTO Research Report No. 656 

September 2014 66 

 

The first step of this process is to estimate the total number of birds likely to have passed through 
the windfarm during the period in which collisions were recorded. As surveys are not, typically, 
carried out continuously over the study period, the number of birds recorded must be converted to 
an hourly rate. The total number of birds passing through the windfarm is then estimated by 
multiplying the hourly rate by the total number of hours over the study period as a whole, with a 
correction applied to account for the nocturnal activity level of the species concerned, based on the 
figures reported in Garthe and Hüppop (2004). However, it should be noted that the difficulty of 
collecting data on nocturnal activity in seabirds means it is unclear how accurate these figures are.  
 
The next step is to use this value to estimate the total number of birds likely to pass through the 
turbine rotor sweeps. The total number of birds flying through the windfarm is multiplied by the 
proportion estimated to fly at rotor height, based on the original survey data. This value is then 
converted to the number of flying birds per m2 and multiplied by the total area occupied by the 
turbine rotors.  
 
A significant proportion of the birds passing through the turbine rotors are likely to do so without 
colliding (Band 2007). Therefore, a correction, the Probability of Collision (Pcoll), must be applied to 
the data to account for this. This is calculated based on the turbine specifications, design of the 
windfarm array and the flight behaviour and morphometrics of the species of interest and based on 
the methodology set out in Band (2007). Species morphometric and behavioural data used to 
estimate Pcoll are given in Table 5.4, whilst turbine details for each site are given in Table 5.5.  
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Table 5.4   Bird parameters to estimate Pcoll for each windfarm. Speed data taken from 
Pennycuick (1997) and Alerstam et al. (2007), morphometric data from Robinson 
(2005), where species groups are given, data come from a species likely to be 
representative of that group as a whole, within the offshore wind context.  

 
Species Length (m) Wingspan (m) Speed (m/s) Flap/glide 

Diver (red-
throated Diver) 0.61 1.11 14.50 flap 
Grebe (great 
crested grebe) 0.48 0.88 18.65 flap 
Northern gannet 0.94 1.72 14.90 glide 
Arctic skua 0.44 1.18 13.30 flap 
Great cormorant 0.90 1.45 14.50 flap 
Common eider 0.60 0.94 18.65 flap 
Common scoter 0.49 0.84 18.65 flap 
Long-tailed duck 0.58 0.88 18.65 flap 
Black-headed gull 0.36 1.05 9.50 flap 
Common gull 0.41 1.20 9.50 flap 
Black-legged 
kittiwake 0.39 1.08 13.10 flap 
Franklin’s gull 0.41 1.20 18.65 flap 
Ring-billed gull 0.41 1.20 9.50 flap 
Little gull 0.26 0.78 11.50 flap 
Lesser black-
backed gull 0.58 1.42 13.10 flap 
Herring gull 0.60 1.44 12.80 flap 
Great black-
backed gull 0.71 1.58 13.70 flap 
Little tern 0.23 0.52 10.00 flap 
Common tern 0.33 0.88 10.00 flap 
Sandwich tern 0.38 1.00 10.00 flap 
Auk (common 
guillemot) 0.40 0.67 19.10 flap 
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Table 5.5  Turbine data used for each site. Figures in red indicate that the parameter was not presented for site in question and had to be estimated 
from a turbine with a similar design. Row colours indicate confidence assigned to data collected at each site – green indicates highest 
confidence, where there was both spatial and temporal overlap in the collection of corpse and movement data; yellow indicates moderate 
confidence where there was temporal overlap in the collection of corpse and movement data, but incomplete spatial overlap, meaning that 
bird activity had to be extrapolated across the site; red indicates lowest confidence, sites where there was incomplete spatial and temporal 
overlap in the collection of corpse and movement data, meaning bird activity had to be extrapolated both spatially and temporally; grey 
indicates studies in which flights through the windfarm were recorded so that collisions could be directly recorded, such studies typically 
had very little power. 

 
Windfarm N turbines Turbine 

capacity 

(MW) 

Width of 

survey 

window 

(m) 

Height of 

survey 

window 

(m)
1 

N blades Blade 

width (m) 

Rotor 

diameter 

(m) 

Rotor 

speed 

(rpm) 

Pitch 

(degrees) 

Hub 

height (m) 

Altamont 685 0.12 7713.6242 33.5 3 0.66 19 43.025 10 24.0 
Blyth 2 2.00 6003 92.4 3 4.40 66 18.026 10 59.4 
Blyth Harbour 9 0.30 9254 37.5 3 0.6632 25 43.0 1032 25.0 
Boudwijnkanaal 5/7/145 0.6 1040/15366 79 3 1.10 48 43.025 10 55.0 
Bouin 8 2.5 40007 100 3 4.40 80 18.026 10 60.0 
Buffalo Ridge 143 0.75 96008 74 3 1.10 48 32.3 10 50.0 
De Put 2 0.8 3009 10026 3 1.10 48 43.025 T10 75.0 
Gneizdzewo 19 2.00 370010 120 3 4.40 80 18.026 10 80.0 
Greater 
Gabbard 

7 3.6 400011 18027 3 4.20 107 15.027 10 77.5 

Groettocht 5 1.65 100012 14028 3 4.40 66 21.3 10 78.0 
Haverigg 8 0.6 92013 66 3 1.10 42 43.025 10 45.0 
Kauwnee 
County 

31  1224714 89 3 1.10 47 43.025 10 65.0 

Kessingland 2  80015 126 3 2.50 92 15.0 10 80.0 
Kleine 
Pathoweg 

7 1.8 182016 120 3 4.40 70 18.026 10 85.0 

Oosterbierum 18 0.3 143017 6018 3 0.66 30 43.025 10 35.0 
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Waterkaaptocht 5 1.65 100012 14028 3 4.40 66 21.3 10 78.0 
Yttre Stengrund 5 2.0 2000019 25029 3 4.40 72 10.0 10 60.0 
Zeebrugge 4/6/23/24/2520 0.421 400/72022 65/8023 3 0.66 34 43.025 10 34.0 
Hellrigg 4 2.3 400024 121 3 4.40 82 18.026 10 80.0 
Avonmouth 3 2.00 130030  16031 3 4.40 83 17.5 10 79.0 
1Maximum turbine height unless otherwise stated; 2see Table 2 of Thelander et al. 2003, total survey area of 59.5 km2, width of survey window assumed to 

be ,√59.51 ∗ 1000; 3Rothery et al. (2009) state 600 m scan area; 4 Lawrence et al. (2007) state that observations were carried out between turbines 5-9, 
turbines separated by 200 m with a rotor diameter of 25 m and arranged in a single line; 5Collisions were recorded under all 14 turbines in 2002-2006. In 
2001, bird activity surveys were carried out around five turbines and avoidance rates derived from collisions around these turbines are also presented. In 
2005, bird activity surveys were carried out around seven turbines and avoidance rates derived from collisions around these turbines are also presented; 6In 
2001, only five turbines were present with diameters of 48 m and spacing of 200 m, therefore, the total survey window in 2001 was 1,040 m wide (section 
3.3.1 in Everaert et al. 2002, Table 27 in Everaert 2008). In 2005, 14 turbines were present, but activity was only monitored around seven of these, 
therefore in 2005 the total survey window was 1,536 m wide (Table 27 in Everaert 2008). Turbines were all arranged in a single line; 7Observations carried 
out along four 1 km linear segments on the edge of the windfarm, see section 5.1 of Dulac (2008); 8 Raptor/large bird surveys carried out through point 
counts at six locations, each with a radius of 0.8 km, (page 7, Johnson et al. 2000); 9Estimated from Figure 101 in Everaert (2008); 10Estimated from Google 
Earth map of windfarm 
(https://www.google.co.uk/maps/place/Gnie%C5%BCd%C5%BCewo/@54.7467485,18.3525275,3643m/data=!3m1!1e3!4m2!3m1!1s0x46fdb3a54ca46bb1:
0x5926557d4b8964d0); 11Data collected within viewing arc with a radius of 2 km, covering seven turbines (Galloper Offshore Windfarm Environmental 
Statement, Appendix 4); 12Data presented as number of birds/km/hr; 13Table A.3.13 in Galloper Offshore Windfarm Environmental Statement; 14Abstract of 

Howe et al. (2002) states that 150 km2 were surveyed, width taken as �√150$ ∗ 1000; 15Birds recorded were those passing within a 200 m radius around 
each turbine, Wild Frontier Ecology (2013); 16Table 32 of Everaert (2008), activity monitored around turbines 3-7 which are each separated by 280 m, 
arranged in a single line and have a diameter of 140 m; 17Section 2.1 of Winkelman (1992), turbines have a diameter of 30 m and are 250 m apart and 
arranged in three lines of six turbines; 18Birds up to 60 m recorded (Tables 12a-d Winkelman 1992); 19Movements monitored over four 5 km observation 
lines (Figure 3, Petterson 2005); 20Based on Everaert (2008) – 23 turbines were operational and searched for corpses in 2001-2003, 25 turbines were 
operational and searched for corpses in 2004, and 24 turbines were operational and searched for corpses in 2005-2007. In addition, collision data for the 
four turbines monitored for gull activity in 2000 and 2001 (Everaert et al. 2002) and the seven turbines monitored for tern activity in 2004 and 2005 
(Everaert & Stienen 2007, Everaert 2008) are also analysed in this report; 21While different turbine types have been used at Zeebrugge, the analysis in this 
report is based on the assumption that they share the characteristics of those on the eastern wall, where the greatest number of collisions are typically 
recorded (Everaert 2008); 22Gull activity was monitored along a 400 m section of the eastern wall in 2000 and 2001 (Everaert et al.  2002) and tern activity 
was monitored along a 720 m section of the eastern wall in 2004 and 2005 (Everaert & Stienen 2007, Everaert 2008); 23In 2000 and 2001, flight height was 
estimated up to a maximum of 65 m and in 2004 and 2005 flight height was estimated up to a maximum of 80 m; 24States that standard SNH vantage point 
methodology with radius of 2 km from a single point used (Percival 2012, 2013);25Based on rotational speed of Blyth Harbour turbines;26 Based on rotational 
speed of Enercon E-70 2.3 MW turbine;27Similar size to Kessingland turbines; 26Birds up to 100 m recorded, see Table 37 of Everaert (2008); 27Birds up to 
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180 m recorded, see section 1.11 of Appendix 4; 28Radar monitoring of flight heights up to 140 m, see Krijgsveld et al. (2011); 29Flights monitored up to 
altitude of 250 m, see figure 11 of Petterson (2005); 30Estimated from Google Earth map of windfarm 
(https://www.google.co.uk/maps/search/Bristol+Port+Wind+Park/@51.5117476,-2.7031114,1372m/data=!3m1!1e3); 31Paragraph 2.3 of The Landmark 
Practice (2013).32highlighted grey so red numbering shows up against red background.  
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The number of birds predicted to collide with the turbines in the absence of any avoidance action 
can be estimated by multiplying the total number of birds predicted to pass through the rotor sweep 
of the turbines over the course of the time period in which collision searches were carried out by the 
probability of those birds colliding with the rotor blades. An avoidance rate can now be derived from 
these data by dividing the observed collision rate by the predicted collision rate, as in equation 6.  
 
Avoidance rates were derived, as described above, for each species-site combination for which 
sufficient data were available in the studies identified as part of our literature review. The quality of 
data presented in each of these reports was highly variable, in particular in the level of spatial and 
temporal overlap between the periods over which corpses were collected and bird movement data 
were collected. The feasibility of collecting movement data over the course of the study periods as a 
whole meant that some extrapolation was inevitable when calculating avoidance rates. However, we 
sought to minimise this extrapolation and sought to categorise the studies we identified accordingly 
(Table 5.5).  
 
The first category (green) we identified, which we had greatest confidence in, was that in which 
activity data were collected at intervals throughout the period in which corpse data were collected, 
and from around all turbines which were searched for corpses. This meant that no spatial 
extrapolation was necessary to derive an avoidance rate, and the need for temporal extrapolation 
was minimised. The second category (yellow) we identified was similar to the first, with the 
exception that activity data were not collected around all of the turbines which were searched for 
corpses, for example at Kleine Pathoweg, where bird movements were only monitored around five 
of the seven turbine where corpse searches were carried out. This meant that spatial extrapolation 
of movement data was necessary, potentially leading to erroneous conclusions if flights were not to 
occur evenly throughout the site. The third category (red) also required spatial extrapolation of 
activity data. In addition, movement data were only collected for a portion of the time in which 
corpse data were collected, meaning that bird activity had to be extrapolated across seasons or 
years. Such extrapolation is extremely likely to give a misleading picture of the true level of bird 
activity at a site over the study period which is likely to vary seasonally, e.g. over breeding or 
migration periods. The final category (grey) relates to studies in which bird movements through 
windfarms have been monitored in order to directly observe collisions. Given the relative rarity of 
birds colliding with turbines, these studies typically have low power to detect a collision.  
 
We consider how each of these categories influences the avoidance rates that are derived. We also 
consider the influence of other factors, such as turbine size, on avoidance rates in order to assess 
whether it is appropriate to apply avoidance rates from some of the smaller onshore turbines to the 
much larger turbines used in the offshore environment.  
 
The estimation of predicted collisions requires assumptions to be made regarding the proportion of 
birds flying at collision risk height and their flight height distributions. Consequently, we derive 
avoidance rates appropriate for use with each of the three model options presented in the Band 
offshore collision risk model spreadsheet (Band 2012):  
 
i.   Option 1, where site specific flight height data are used to estimate the proportion of birds 

flying at collision risk height;   
ii. Option 2, where modelled data are used to estimate the proportion of birds flying at 

collision risk height, based on the distributions presented in Johnston et al. (2014a) and the 
exact rotor dimensions presented in each report;  

iii.  Option 3, where modelled flight height distributions are used to account for collision risk not 
being distributed evenly within a turbine’s rotor swept area.  
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It should be noted that different values would be expected for Band model options 1 and 2 because 
option 2 uses generic distributions from compiled data sources, which may not be directly 
comparable to data collected from some of the sites included in this review. In some cases, option 2 
may also use a better defined risk window, as it reflects the actual turbine dimensions rather than a 
pre-defined window set during pre-construction surveys.  
 
5.4.2.2 Estimating representative within-windfarm avoidance rates 

 
The aim of this review was to derive representative within-windfarm avoidance rates that can be 
used to inform a total avoidance rate for use in collision risk modelling for each of the priority 
species. Whilst the above methodology can give us a range of different values for marine birds in 
general, and some of the priority species in particular, combining them to get a single, 
representative figure is far from straightforward. This is further complicated as several studies report 
no collisions, suggesting an avoidance rate of 1 over the study period. However, were the study 
periods of these studies to be extended indefinitely, it is likely that the avoidance rate would drop to 
below 1 as some individuals will always fail to take action to avoid collision, given sufficient time and 
bird flux within the site. Whilst one approach would be to discard studies in which no collisions were 
recorded, this would be inappropriate as it would risk negatively biasing our dataset and, potentially, 
result in a within-windfarm avoidance rate which is overly precautionary.  
 
We identified five methodologies – ratio estimators, meta-analysis, proportional hazard models and 
mark-recapture models, events-trials models and Poisson regression – that could potentially be used 
to combine collision records and flux rates across sites in order to derive representative avoidance 
rates (Table 5.6). We then considered the limitations and assumptions associated with each 
technique, before determining which was likely to be the most effective approach.  
 
Meta-analysis is most appropriate when estimates of variance around effect sizes are available, 
which was not the case in this instance. The data available from the studies we reviewed fail basic 
assumptions about perfect detectability required for proportional hazard models. Similarly, as 
individual birds are recorded only upon their deaths, and not on their entry to the population, mark-
recovery models were not appropriate. Collisions between birds and turbines are rare events. As 
event-trials models are most effective when the probability of an event is moderate, this 
methodology is also likely to be ineffective. Poisson regression models may be an effective 
approach. However, such an approach would require time to develop and test using simulated data. 
It may also be ineffective without access to raw survey data from each site. Whilst this approach 
may provide a useful framework for future studies it was not considered feasible within the 
framework of the current project.  
 
Having considered each of the different approaches, we concluded that ratio estimators would be 
the most appropriate approach to combining the avoidance rate data. Given the limitations of the 
data, we felt that any of the more complex modelling approaches may result in undue confidence 
being assigned to the derived values.  In the absence of raw data, we feel that any more involved 
modelling approach is likely to be less than robust and that, in this instance, a simpler approach, 
such as ratio estimators, is most appropriate. 
 
Ratio estimators divide the total number of collisions across all sites by the total number of collisions 
predicted in the absence of avoidance behaviour across all sites (equation 9). By dividing the total 
number of collisions by the predicted collision rate, sites with greater levels of bird activity are given 
greater weighting than sites at which bird activity is relatively low. Arguably, this approach to 
weighting is more appropriate than weighting flux rate alone, as it accounts for the fact that a higher 
flux rate may not necessarily reflect a greater number of birds at risk of collision. For example, a site 
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may have a relatively high flux rate, but only a relatively small proportion of these birds may be at a 
height which places them at risk of collision. Using equation 9, we derive representative avoidance 
rates for all species and groups for which sufficient data were available.  
 

4�'ℎ��	4���6�*7	��������	 = 1 −	�∑��������	����������∑������	× �!"	#���$ % (eq. 9) 

 
As data come from multiple sites, there is likely to be a degree of uncertainty associated with 
avoidance rates derived in this manner. The importance of incorporating uncertainty in the 
Environmental Impact Assessment process is receiving increasing recognition (Masden et al. 2014). 
The variance associated with the avoidance rates derived using ratio estimators can be calculated 
using the delta method (Powell 2007). The square root of this value will give an estimate of the 
standard deviation around the avoidance rates derived using ratio estimators (Batschelet 1976). It is 
important to note that this value will reflect variability between sites, as opposed to uncertainty in 
the input parameters. At present, many of the input parameters for the Band model are only 
available as single values (e.g. mean rotor speed), until a realistic range of values is available for the 
key parameters, quantifying uncertainty from these sources will be challenging.  
 
As we are looking for representative values for the within-windfarm avoidance rates, it is important 
to ensure that the values we are deriving are not unduly influenced by a single data point (each data 
point reflecting a single site-year-species combination), or set of data points. For this reason we 
investigate how different factors may influence the final avoidance rates we derive. As a first step, 
we explore how much influence (leverage) each data point has on the final, representative 
avoidance rates. We identify sites which have a high leverage and determine whether there are any 
common factors linking them, for example, an unusually high or low flux rate or the presence of 
small turbines.  
 
We then consider how bird flux and turbine size may influence the final derived avoidance rates 
using a stepwise approach. These analyses are not an essential part of deriving our final avoidance 
rates, instead, they help us to understand how reliant our values are on the inclusion of all of our 
data points. Ideally, as we drop data points from our calculations, the avoidance rates derived 
should remain fairly constant. In the first analysis, we drop sites based on their estimated flux rates. 
This helps to demonstrate whether our final avoidance rate is dependent on the inclusion of data 
from a handful of sites with high levels of bird activity. In our second analysis, we drop sites based on 
maximum turbine height, to identify whether sites with smaller turbines, less typical of the offshore 
environment are unduly influencing the values we derive.  A more detailed analysis of the sensitivity 
of our derived values is carried out in section 6 (below).  
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Table 5.6  Methodologies considered for synthesising avoidance rates across multiple data 
sources.  

 
Method Description Used 

Ratio 

estimators 

Ratio estimators provide a relatively simple approach that compares the 
mean of the number of collisions to the mean of the number of birds at risk 
of collision (Cochran 1977). The approach does this by combining data across 
sites prior to any calculation and, therefore, accounting for the differing levels 
of bird activity at each site. As the number of birds at risk of collision is 
proportional to the bird flux at a site, this approach effectively weights sites 
by the level of bird activity recorded. Depending on the data available, such 
calculations can be undertaken on a species, group or global basis. They have 
the advantage of offering a single, easily interpretable output. This approach 
has previously been used to derive avoidance rates for geese from multiple 
data sources (Pendlebury 2006). 

� 

Meta-

analysis 

Meta-analysis provides a way of combining studies, which may have different 
uncertainties attached to them, to determine the size and statistical 
significance of a given effect. The units of meta-analysis are the independent 
results of studies, rather than the responses of individual subjects (Arnqvist & 
Wooster 1995), with a strong recommendation from statisticians that they 
should use weighted combination of effect sizes (Stewart 2010).  Meta-
analyses are most appropriate when studies present estimates of variance 
around the effect sizes (Gurevitch & Hedges 1999, Stewart 2010), which were 
not available from the studies we have reviewed.    

� 

Proportional 

hazard 

models / 

mark-

recovery 

models 

We considered the possibility of using time to event style models such as 
proportional hazard or mark-recovery models. In the case of proportional 
hazard models, the data fail basic assumptions about perfect detectability 
necessary for such analyses. As each individual bird is recorded only on its 
death (and not on entry to the population, i.e. when it enters the turbine 
space), it was not possible to use mark-recovery type models to produce 
synthesised ARs from the various studies. 

� 

Events-trials 

models 

Events-trials models involve combining the number of events (in this case, 
collisions) with the number of trials (in this case, birds passing through the 
turbines) within a binomial generalised linear model (GLM). However, 
collisions are rare events and binomial GLMs work best when the probability 
of an event is moderate (typically in the region of 0.2-0.8). We therefore feel 
such a methodology is inappropriate in this instance.  

� 

Poisson 

regression 

As collisions are rare events the mean across sites is likely to be low and may 
be expected to follow a Poisson distribution. We could use bird flux as an 
offset in such a model to account for the different abundance of birds at each 
site and incorporate a weighting factor to account for survey effort. Zero-
inflation is also likely to be an issue (i.e. many sites record no collisions). 
Whilst this approach may be possible and provide a useful framework for 
future analyses, it would require some time to develop and test using 
simulated data and was thus outside of the scope of this project. It should 
also be noted that we are uncertain about how effective such an approach 
would be without access to the raw survey data from each site. 

� 
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5.4.3 Results 

 

5.4.3.1 Derived within-windfarm avoidance rates 

 
Data combining collision rates and passage rates through windfarms were obtained from 20 sites – 
see Appendix 6 for details of sites and species, and Appendix 7 for full results. However, based on 
the available data, it was only possible to derive within-windfarm avoidance rates for eider, gulls and 
terns. Whilst other species had been recorded within the windfarms, these were often present in 
relatively low numbers, and only a single collision event, involving a flock of four eider, was observed 
during visual observations of turbines. The range of species reflects the onshore or coastal locations 
of the study sites, and it should be noted that, among the priority species being considered in this 
review, no estimates could be derived for northern gannet.  
 
The range of responses estimated from the available data runs from an apparent strong attraction 
whereby the proportion of birds within the rotor-swept area increases by >1000% in some cases, to 
strong avoidance, where close to 100% of birds avoid the rotor-swept area.  
 
Multiple years’ data were collected from several onshore sites including Avonmouth and Hellrigg in 
the UK, Boudwijnkanaal and Zeebrugge in Belgium, Gneizdzewzo in Poland, and an offshore site at 
Yttre Stengrund in Sweden. Multiple years’ collision data were also available from Kleine Pathoweg 
in Belgium. However, bird activity data were not collected concurrently with data on collision rates 
for this site, meaning the results cannot be used for the purposes of this review. Whilst we have 
been able to derive a within-windfarm avoidance rate in both study years for this site, this approach 
is flawed as it involves extrapolating from one year’s activity data to the next. The same is true for 
some of the data collected for both Zeebrugge and Boudwijnkanaal. Whilst multiple years’ data were 
also collected from sites such as Altamont Pass and Buffalo Ridge in the U.S.A. and Blyth Harbour in 
the UK, these data were summarised across years so it was not possible to examine year to year 
variation in derived avoidance rates and the resultant avoidance rates should be treated with a high 
degree of scepticism. Of the sites where it may be possible to compare values between years, only 
Hellrigg, Gneizdzewo, Boudwijnkanaal, Yttre Stengrund and Zeebrugge provide data that allow this.  
 
We present within-windfarm avoidance rates from all sites for illustrative purposes only (Appendix 
7). For the purposes of deriving representative values, we only use what we consider to be the 
highest quality data (green rows in Appendix 7) where there is both spatial and temporal overlap 
between the collection of corpses and the collection of bird activity data. Unless otherwise stated 
the within-windfarm avoidance rates presented in the text from this point refer to those derived 
using option 1 of the Band model, but these are applicable to option 2.  
 
In the five years for which data were available for Gneizdzewo, only a single collision involving a gull 
species was recorded (Appendix 7). Similarly, in the years for which data are available from Hellrigg 
and Yttre Stengrund, collisions were only recorded in a single year at each site. At Boudwijnkanaal, 
the within-windfarm avoidance rate for herring/lesser black-backed gulls declined from 0.9903 in 
October 2001 to 0.9556 in October 2005. At Zeebrugge, it was possible to compare within-windfarm 
avoidance rates for herring and lesser black-backed gulls both between seasons and years. For 
herring gulls within-windfarm avoidance rates declined from 0.9861 in the 2000 breeding season to 
0.9722 in the 2001 breeding season. For lesser black-backed gulls the equivalent figures were 1 in 
2000 and 0.9706 in 2001. In 2001, activity data at Zeebrugge were collected in both the breeding 
season and autumn. The within-windfarm avoidance rates showed an increase for both species 
during the autumn, to 0.9976 in the case of herring gulls and 0.9990 in the case of lesser black-
backed gulls. However, given the limited data available to explore these patterns, more data are 
required to make firm conclusions about aspects such as seasonal variation in avoidance rates.  
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Everaert (2014) presents within-windfarm avoidance rates for gulls derived from the same datasets 
for Zeebrugge, Boudwijnkanaal, Kleine Pathoweg and De Put, using the basic Band collision risk 
model. The results differ from those we present. The reason for this is likely to be that Everaert 
(2014) extrapolate bird activity data to cover broader spatial and temporal scales, whilst we focus 
only on the turbines and months in which bird activity data were specifically collected. The author 
highlights this extrapolation as a reason why his results should be treated with caution in his 
discussion of the results. For our purposes, we felt that focussing on the period when activity data 
were collected when deriving within-windfarm avoidance rates was more consistent with our 
approach at other sites. A similar issue has been raised in the past in relation to Sandwich tern 
within-windfarm avoidance rates derived from collision data at Zeebrugge, where rates derived from 
the same dataset have varied from 0.9664-0.9955 (see NE/JNCC note on subject). This highlights the 
importance of transparency in the calculations used to derive within-windfarm avoidance rates, 
enabling people to understand why differences may have arisen and come to an informed position 
about which values are likely to be most applicable to the situation at hand.  
 
Our analyses of the tern data from Zeebrugge suggest that within-windfarm avoidance rates are 
likely to be towards the high point of this range. Using only collisions reported in June and around 
the seven turbines from which activity data were collected, we estimated a within-windfarm 
avoidance rate of 0.9944 for common tern in 2004 and 0.9948 in 2005. For Sandwich tern, we 
estimated within-windfarm avoidance rates of 0.9980 in 2004 and 0.9989 in 2005. No collisions 
involving little terns were recorded around these turbines in either year. These data suggest that 
tern within-windfarm avoidance rates are very high, and may be consistent year on year.  
 
In addition to estimating collision rates from fatality searches, at four sites – Blyth Offshore 
Windfarm, Greater Gabbard Offshore Windfarm, Haverigg Windfarm and the Yttre Stengrund and 
Utgrunden Offshore Windfarms in Sweden – bird activity has been monitored with a view to directly 
observing collisions. In total, 646 hours of observations have been collected in this manner across 
the four sites and five windfarms. These surveys documented 3,167,238 bird movements within-
windfarms, including at least 5,319 involving gulls. Despite this, these had relatively low power to 
detect a collision. In the absence of avoidance action, across these sites only 63 collisions would 
have been expected based on the basic Band model and only 45 based on the extended Band model 
(Appendix 7). In relation to the priority species covered by this report, 17 of the collisions predicted 
using the basic Band model and 13 predicted using the extended Band model would have involved 
gulls. A single collision involving a gull would reflect an avoidance rate of less than 0.95 for both the 
basic and extended Band model. Such an avoidance rate would be extremely conservative, and it is 
therefore, unsurprising that no collisions were recorded during visual observations. Indeed, over the 
course of these studies,  only a single collision event, involving four common eider at a single turbine 
at Yttre Stengrund Offshore Windfarm was observed, reflecting a within-windfarm avoidance rate of 
0.1861 for common eider in autumn 2003 or 0.9024 across all seasons and years. Consequently 
these studies do not provide strong evidence for the behavioural response of our five priority 
species to turbines.  
 
Deriving within-windfarm avoidance rates using the different Band model options 

 
Whilst the observed number of collisions remains constant, regardless of the model option used, the 
predicted number of birds at risk of collision varies. As avoidance rates are derived by dividing 
observed collisions by predicted collisions (eq. 6), avoidance rates derived using different model 
options will vary. Collision estimates produced using the different Band model options and option-
specific avoidance rates will only be identical if the windfarm in question has the same specifications 
as used to derive those avoidance rates. However, this will not be the case when these avoidance 
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rates are applied to a novel site as a result of differences in model input parameters (e.g. turbine 
specifications and site-specific estimates of the proportion of birds at collision risk height).  
 
 Within-windfarm avoidance rates derived using option 1 of the Band model are higher than those 
derived using options 2 and 3. The difference in values derived using option 1 and option 2 results 
from the use of site-specific data on the proportion of birds at risk in option 1, and the use of a 
generic flight height distribution to inform the proportion of birds at risk in option 2 – in other 
respects these options are mathematically identical. The difference between option 2 and option 3 
lies in how the flux rate and probability of collision are applied across the turbines rotor-swept area. 
Using option 2, an average collision probability is multiplied by an average flux rate. This introduces 
error when a species’ flight height distribution is not uniform. Option 3 accounts for the non-uniform 
flight height distribution, common to many species (Johnston et al. 2014a), by integrating the flux 
rate and collision probability over the turbines rotor-swept area.  
 
5.4.3.2 Representative within-windfarm avoidance rates 

 

The within-windfarm avoidance rates data described above, and presented in Appendix 7 are of 
extremely variable quality. The final, derived within-windfarm avoidance rates are heavily 
dependent on the accuracy of the estimated flux rates at each site and on the accuracy of collision 
estimates. As continuous monitoring of bird activity at these sites was not feasible, some degree of 
extrapolation to estimate the total flux rate will be inevitable. However, it is desirable to keep this 
extrapolation to a minimum. For this reason, we only combine data from sites at which it was not 
necessary to make a spatial extrapolation in order to estimate a flux rate, and for which activity data 
were collected at intervals throughout the period in which collisions were monitored, to minimise 
the potential for inappropriate temporal extrapolation. The sites meeting these criteria were 
Avonmouth (Winter 2007/08, 2008/09, 2009/10, 2011/12), Boudwijnkanaal (October 2001 and 
October 2005), Bouin, De Put, Gneizdzewo (autumn 2007, 2008, 2009, 2010, 2011, 2012), Hellrigg 
(winter 2011, 2012), Kessingland, Oosterbierum (autumn 1990, spring 1991) and Zeebrugge (June-
July 2000, June-July 2001 and September-October 2001). All of these sites were located onshore.  
 
Across these sites, a total of 3,880,794 seabirds, of which the majority (66%) were gulls, were 
expected to have passed through the windfarms over the periods in which corpse searches were 
carried out. We determined that sufficient data were available to derive avoidance rates for four 
species – black-headed gull, common gull, lesser black-backed gull and herring gull – and four 
species groups – all gulls, large gulls (lesser black-backed gull, herring gull, great black-backed gull, 
Caspian gull, yellow-legged gull), small gulls (black-headed gull, common gull, little gull) and all terns.  
 
Black-headed gull 
 
A total of 746,668 black-headed gulls were expected to have passed through seven sites – 
Avonmouth (four studies), Boudwijnkanaal (one study), Bouin (one study), Gneizdzewo (three 
studies), Hellrigg (two studies), Kessingland (one study) and Zeebrugge (three studies) – over the 
course of their respective study periods. After adjustments were made to this total to account for 
the proportion of birds flying at rotor height, the size of the rotor swept area and the probability of 
birds passing through the rotor-swept area without colliding, this was predicted to result in 1,839 
collisions based on option 1 and 582 collisions based on option 2, and 297 based on option 3. 
However, in total only 38 black-headed gull collisions were recorded across all sites during their 
respective study periods. This corresponds to within-windfarm avoidance rates of 0.9795 (± 0.0033 
SD) using option 1 of the Band model, 0.9351 (± 0.0031 SD) using option 2 of the Band model and 
0.8731 (± 0.0056 SD) using option 3 of the Band model.  
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We investigated the leverage that each study site had on the final within-windfarm avoidance rates 
derived for black-headed gull. We identified three sites which had high leverage for the within-
windfarm avoidance rates derived using options 1 and/or 2 and/or 3 of the Band model (Figure 5.1). 
Of these, the exclusion of data from Bouin resulted in an increase in the value derived using option 
1. This is likely to be due to the presence of the turbines on the edge of a black-headed gull breeding 
colony.  This may have led to a greater number of flights through the rotor-swept area of turbines by 
adult birds returning to provision chicks and/or newly fledged chicks less experienced at flying. As a 
result of the relatively high collision rate at this site, including this site in our analysis reduced the 
overall within-windfarm avoidance rate derived using option 1. The leverage of data from Hellrigg in 
2012/13 was of a similar magnitude, but in the opposite direction. Despite having the highest level 
of black-headed gull activity and a high proportion of birds flying at collision risk height, no collisions 
were recorded at this site, in this year. As a consequence, excluding these data from our analysis 
resulted in a reduction in the overall within-windfarm avoidance rate.  
 
In contrast to option 1, the exclusion of data from Bouin led to a substantial decrease in the overall 
within-windfarm avoidance rates derived using options 2 and 3. The relative importance of data 
from Bouin is exaggerated using options 2 and 3 of the Band model as modelled flight height 
distributions suggest that other sites with high levels of bird activity, such as Hellrigg, should have 
very low proportions of birds flying at collision risk height. As such, the predicted collision rates at 
these sites are much lower than when using option 1 and they have much less influence when used 
to derive overall within-windfarm avoidance rates using ratio estimators.  In addition, the within-
windfarm avoidance rates derived for Bouin using options 2 and 3 are significantly higher than for 
other sites at which collisions were recorded meaning, given its importance relative to other sites, 
excluding data from Bouin from the analysis results in a significant decrease in the overall within-
windfarm avoidance rate derived. Excluding data from Boudwijnkanaal from the analysis for options 
2 and 3 results in an increase in the overall within-windfarm avoidance rate. As with Bouin, a 
relatively high number of collisions were recorded at this site. However, as observed data suggest a 
high proportion (69%) of birds flew at collision risk height, this site did not have particularly high 
leverage for the within-windfarm avoidance rates derived. However, using options 2 and 3, only 
4.5% of birds were predicted to fly at collision risk height, meaning the final within-windfarm 
avoidance rate derived for this site was relatively low. 
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Figure 5.1  Leverage exerted by each site at which within-windfarm avoidance rates were 

calculated on the overall, mean within-windfarm avoidance rate derived for black-
headed gull. Solid line indicates mean within-windfarm avoidance rate across all 
sites, broken line indicates mean within-windfarm avoidance rate across all sites ± 1 
standard deviation, dots indicate mean within-windfarm avoidance rate with each 
site excluded from analysis. Sites are considered to have high leverage when their 
exclusion from the analysis leads to a change of more than 1 standard deviation in 
the overall mean within-windfarm avoidance rate. Sites with high leverage are: 1 – 
Boudwijnkanaal, 2 – Bouin and 11 – Hellrigg in 2012/13.   
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Figure 5.2  Impact of dropping data points (each site-year-species combination) on the within-

windfarm avoidance rates derived using ratio estimators for options 1, 2 and 3 of 
the Band model for black-headed gull.  

 
As might be expected, dropping sites from the analysis can influence the final within-
windfarm avoidance rates. Only sites at which there is a relatively limited level of flight 
activity can be dropped from the analysis before the within-windfarm avoidance rates 
derived become less stable (Figure 5.1). In all three model options, this is noticeable after 
around 22,000 of the 746,668 flights through the windfarms have been removed (Figure 
5.2). 
 
Using option 1 of the Band model, the derived within-windfarm avoidance rate remains 
relatively stable at around 0.9795 until Bouin is the only site remaining in the analysis at 
which point it drops to around 0.9370. As discussed previously, this may reflect the fact that 
Bouin is located on the edge of a black-headed gull breeding colony, resulting in a higher 
number of collisions than were recorded elsewhere. In contrast, using options 2 and 3, 
within-windfarm avoidance rates start to increase after the first 22,000 flights have been 
dropped. Again, as discussed previously, this is likely to reflect the fact far fewer collisions 
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were predicted at several key sites due to differences in the predicted proportions of birds at 
collision risk height. As a consequence, as more sites are dropped from the analysis the 
influence of Bouin, previously identified as having a strong influence on the final derived 
values for options 2 and 3, becomes stronger.  

 

 
Figure 5.3  Impact of excluding sites with smaller turbines on the within-windfarm avoidance 

rates derived using ratio estimators for options 1, 2 and 3 of the Band model for 
black-headed gull.  

 
The inclusion of sites with smaller turbines did not appear to strongly influence the final within-
windfarm avoidance rates derived for black-headed gull using any of the three model options (Figure 
5.3). 
 
We consider within-windfarm avoidance rates of 0.9795 (± 0.0033 SD) for the basic Band model, and 
0.8731 (± 0.0056 SD) for the extended Band model to be realistic, precautionary values given the 
data available. Whilst we identified several sites as having a strong influence over the final values 
derived, we do not feel there is sufficient reason to exclude these data from our analysis. It should 
be noted that the influence of these sites occurs in similar magnitudes in both positive and negative 
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directions. The within-windfarm avoidance rates derived, especially for option 1, remain relatively 
stable regardless of which sites are included in the analysis. We did not identify any strong impact of 
turbine size on the final within-windfarm avoidance rate derived.  
 
Common gull 

 
A total of 841,008 common gulls were expected to have passed through three sites – Gneizdzewo 
(three studies), Kessingland (one study) and Hellrigg (two studies) – over the course of their 
respective study periods. After adjustments were made to this total to account for the proportion of 
birds flying at rotor height, the size of the rotor swept area and the probability of birds passing 
through the rotor-swept area without colliding, this was predicted to result in 3,405 collisions based 
on option 1 and 218 collisions based on option 2, and 129 based on option 3. However, in total only 
two common gull collisions were recorded across all sites during their respective study periods. This 
corresponds to within-windfarm avoidance rates of 0.9995 (± 0.0003 SD) using option 1 of the Band 
model, 0.9918 (± 0.0046 SD) using option 2 of the Band model and 0.9861 (± 0.0078 SD) using option 
3 of the Band model.  
 

 
Figure 5.4  Leverage exerted by each site at which within-windfarm avoidance rates were 

calculated on the overall, mean within-windfarm avoidance rate derived for 
common gull. Solid line indicates mean within-windfarm avoidance rate across all 
sites, broken line indicates mean within-windfarm avoidance rate across all sites ± 
standard deviation, dots indicate mean within-windfarm avoidance rate with each 
site excluded from analysis. Sites are considered to have high leverage when their 
exclusion from the analysis leads to a change of more than 1 standard deviation in 
the overall mean within-windfarm avoidance rate. Site with high leverage is 6 – 
Hellrigg in 2012/13. 

 
For all three model options, Hellrigg in 2012/13 appears to have a strong influence over the final 
within-windfarm avoidance rate derived (Figure 5.4). This is likely to reflect the fact that of the total 
number of common gulls estimated to have flown through windfarms, over 94% were estimated to 
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have flown through Hellrigg in this year. Despite this, no collisions were recorded involving common 
gulls at Hellrigg in 2012/13. As a result, excluding these data from our analyses results in an overall 
within-windfarm avoidance rate of 0.9680 for option 1 of the Band model, 0.9345 for option 2 of the 
Band model and 0.8865 for option 3 of the Band model. However, we do not feel it would be 
appropriate to exclude such a substantial portion of our data from the analysis in this way.  

  
Figure 5.5  Impact of dropping data points (each site-year-species combination) on the within-

windfarm avoidance rates derived using ratio estimators for options 1, 2 and 3 of 
the Band model for common gull.  

 

For all three model options, the within-windfarm avoidance rate derived using ratio estimators 
remains stable until the only site remaining in the analysis is Hellrigg in 2012/13 (Figure 5.5). As 
stated above, this is likely to reflect the extremely high leverage of this data point.  
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Figure 5.6  Impact of excluding sites with smaller turbines on the within-windfarm avoidance 

rates derived using ratio estimators for options 1, 2 and 3 of the Band model for 
common gull.  

 
Maximum tip height appeared to influence the within-windfarm avoidance rates reported, with 
lower within-windfarm avoidance rates associated with the tallest turbines (Figure 5.6). In reality, 
this is likely to reflect the fact that collisions were only recorded at Kessingland, the site with the 
largest turbines, and may, therefore, be coincidence.  
 
Whilst data from Hellrigg in 2012/13 have strong leverage, this must be considered in the context of 
the sheer number of flights that were estimated at the site in that year, and in combination with the 
fact that collisions involving common gulls were only recorded at one of the three study sites in a 
single year. We therefore feel that within-windfarm avoidance rates of 0.9995 (± 0.0003 SD) for the 
basic Band model and 0.9861 (± 0.0078 SD) for the extended Band model are likely to reflect 
realistic, precautionary within-windfarm avoidance rates for common gulls. Whilst we feel there is 
no valid reason to exclude the data from Hellrigg in 2012/13 from our analyses, we feel that its high 
leverage means that the final within-windfarm avoidance rates derived must be treated with 
caution.  
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Herring gull 

 

A total of 526,047 herring gulls were expected to have passed through seven sites – Avonmouth 
(four studies), Boudwijnkanaal (one study), Bouin (one study), Gneizdzewo (one study), Hellrigg (two 
studies), Kessingland (one study), Zeebrugge (three studies) – over the course of their respective 
study periods. After adjustments were made to this total to account for the proportion of birds flying 
at rotor height, the size of the rotor swept area and the probability of birds passing through the 
rotor-swept area without colliding, this was predicted to result in 2,157 collisions based on option 1, 
1,147 collisions based on option 2, and 957 based on option 3. However, in total only nine herring 
gull collisions were recorded across all sites during their respective study periods. This corresponds 
to within-windfarm avoidance rates of 0.9959 (±0.0006 SD) using option 1 of the Band model, 0.9924 
(±0.0010 SD) using option 2 of the Band model and 0.9908 (±0.0012 SD) using option 3 of the Band 
model.  
 

 
Figure 5.7  Leverage exerted by each site at which within-windfarm avoidance rates were 

calculated on the overall, mean within-windfarm avoidance rate derived for herring 
gull. Solid line indicates mean within-windfarm avoidance rate across all sites, 
broken line indicates mean within-windfarm avoidance rate across all sites ± 1 
standard deviation, dots indicate mean within-windfarm avoidance rate with each 
site excluded from analysis. Sites are considered to have high leverage when their 
exclusion from the analysis leads to a change of more than 1 standard deviation in 
the overall mean within-windfarm avoidance rate. Sites with high leverage are 2 – 
Bouin, 4 – Kessingland, 6 – Zeebrugge (June-July 2001), 7 – Zeebrugge (September-
October 2001) and 9 – Hellrigg (2012/13).) 

 
No obvious patterns were evident amongst the sites with high leverage (Figure 5.7). The exclusion of 
data from Kessingland and Zeebrugge (June-July 2001) from the analysis led to an increase in the 
overall within-windfarm avoidance rates as both these sites recorded two collisions over the course 
of their respective study periods. Whilst these were amongst the highest collision rates at the sites 
we considered, there is no evidence that turbine size played a role. Whilst the turbines at Zeebrugge 
were the smallest among our study sites, those at Kessingland were the largest. The exclusion of 
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Hellrigg (2012/13) and Zeebrugge (September-October 2001) led to a decrease in the overall within-
windfarm avoidance rates. This is likely to reflect the fact that whilst these data points represented 
the greatest numbers of birds passing through the sites, only two collisions were recorded at 
Zeebrugge (September-October 2001). It is worth noting that the magnitude of the effect of 
removing data from Zeebrugge was similar whether data from June-July 2001 or September-October 
2001 were removed, although the effect was in opposing directions direction. Based on these 
analyses, we did not feel it was appropriate to exclude any data points from our analysis when 
deriving an overall within-windfarm avoidance rate for herring gull.  
 

 
Figure 5.8  Impact of dropping data points (each site-year-species combination) on the within-

windfarm avoidance rates derived using ratio estimators for options 1, 2 and 3 of 
the Band model for herring gull.  

 
Dropping sites with lower levels of flight activity leads to an increase in the within-windfarm 
avoidance rates derived for herring gull using all three model options (Figure 5.8). Whilst ideally, 
within-windfarm avoidance rates would remain stable, regardless of the number of flights included 
in the analysis, it does suggest that the rates derived using the full dataset may be realistic, 
precautionary values.  
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Figure 5.9  Impact of excluding sites with smaller turbines on the within-windfarm avoidance 

rates derived using ratio estimators for options 1, 2 and 3 of the Band model for 
herring gull. 

 
Using option 1 of the Band model, there does not appear to be a relationship between turbine size 
and the within-windfarm avoidance rates derived using ratio estimators (Figure 5.9). However, in the 
case of options 2 and 3, there is a trend for lower within-windfarm avoidance rates with larger 
turbines. This apparent discrepancy is likely to reflect differences between the proportion of birds 
observed flying at collision risk height and the proportion of birds estimated to fly at collision risk 
height from generic distributions. The generic distributions estimated a lower proportion of birds 
flying at collision risk height for the larger turbines, meaning the predicted collision rate, and 
therefore overall within-windfarm avoidance rate, was reduced.   
 
We consider within-windfarm avoidance rates of 0.9959 (±0.0006 SD) for the basic Band model, and 
0.9908 (±0.0012 SD) for the extended Band model to be realistic, precautionary values given the 
data available. Whilst we identified several sites as having a strong influence over the final values 
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derived, we do not feel there is sufficient reason to exclude these data from our analysis. It should 
be noted that the influence of these sites occurs in similar magnitudes in both positive and negative 
directions. We did not identify any strong impact of turbine size on the final within-windfarm 
avoidance rate derived.  
 
Lesser black-backed gull 

 

A total of 101,745 lesser black-backed gulls were expected to have passed through three sites – 
Hellrigg (two studies), Kessingland (one study) and Zeebrugge (three studies) – over the course of 
their respective study periods. After adjustments were made to this total to account for the 
proportion of birds flying at rotor height, the size of the rotor swept area and the probability of birds 
passing through the rotor-swept area without colliding, this was predicted to result in 1,110 
collisions based on option 1,512 collisions based on option 2, and 473 based on option 3. However, 
in total only two lesser black-backed gull collisions were recorded across all sites during their 
respective study periods. This corresponds to within-windfarm avoidance rates of 0.9982 (±0.0005 
SD) using option 1 of the Band model, 0.9960 (±0.0010 SD) using option 2 of the Band model and 
0.9957 (±0.0011 SD) using option 3 of the Band model.  
 
 

 
Figure 5.10  Leverage exerted by each site at which within-windfarm avoidance rates were 

calculated on the overall, mean within-windfarm avoidance rate derived for lesser 
black-backed gull. Solid line indicates mean within-windfarm avoidance rate across 
all sites, broken line indicates mean within-windfarm avoidance rate across all sites ± 
1 standard deviation, dots indicate mean within-windfarm avoidance rate with each 
site excluded from analysis. Sites are considered to have high leverage when their 
exclusion from the analysis leads to a change of more than 1 standard deviation in 
the overall mean within-windfarm avoidance rate. Site with high leverage is 4 – 
Zeebrugge (September-October 2001).  

 
Data from all three model options indicated that Zeebrugge in September-October 2001 had a 
relatively high leverage on the final within-windfarm avoidance rates derived using ratio estimators 
(Figure 5.10). This is likely to reflect the fact that Zeebrugge in September-October 2001 had the 
highest levels of bird activity by some distance. Despite this, only a single collision was recorded over 
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the study period. Excluding these data from the analysis results in within-windfarm avoidance rates 
of 0.9878 using option 1, 0.9865 using option 2 and 0.9847 using option 3. However, we do not feel 
it is appropriate to exclude data in this way.  
 

 
Figure 5.11  Impact of dropping data points (each site-year-species combination) on the within-

windfarm avoidance rates derived using ratio estimators for options 1, 2 and 3 of 
the Band model for lesser black-backed gull.  

 
Using option 1 of the Band model to derive within-windfarm avoidance rates, values remain fairly 
stable regardless of the number of birds recorded flying through the study sites (Figure 5.11). Using 
options 2 and 3 the final value remains relatively stable until the first 6,000 flights have been 
removed. This is likely to reflect that fact that whilst a relatively high number of birds were predicted 
to have flown through the final two sites, only a single collision was recorded.  
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Figure 5.12  Impact of excluding sites with smaller turbines on the within-windfarm avoidance 

rates derived using ratio estimators for options 1, 2 and 3 of the Band model for 
lesser black-backed gull. 

 
Excluding smaller turbines did not appear to have a significant impact on the final within-windfarm 
avoidance rate derived for lesser black-backed gull using any of the three model options (Figure 
5.12).  
 
Whilst data from Zeebrugge in September-October 2001 had a relatively high leverage on the final 
within-windfarm avoidance rates derived, we did not feel there was a compelling reason to exclude 
these data from our analysis. Based on the data available for lesser black-backed gull, we consider 
within-windfarm avoidance rates of 0.9982 (±0.0005 SD) for the basic Band model and 0.9957 
(±0.0011 SD) for the extended Band model to be realistic, precautionary values given the data 
available. However, given the data come from only three sites and incorporate a relatively small 
number of flights through the windfarm, we feel these values should be treated with caution. Whilst 
we identified several sites as having a strong influence over the final values derived, we do not feel 
there is sufficient reason to exclude these data from our analysis. It should be noted that the 
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influence of these sites occurs in similar magnitudes in both positive and negative directions. We did 
not identify any strong impact of turbine size on the final within-windfarm avoidance rate derived.  
 

Small gulls 

 

A total of 1,589,953 small gulls were expected to have passed through eight sites over the course of 
their respective study periods. After adjustments were made to this total to account for the 
proportion of birds flying at rotor height, the size of the rotor swept area and the probability of birds 
passing through the rotor-swept area without colliding, this was predicted to result in 5,263 
collisions based on option 1,801 collisions based on option 2, and 427 based on option 3. However, 
in total only 42 small gull collisions were recorded across all sites during their respective study 
periods. This corresponds to within-windfarm avoidance rates of 0.9921 (±0.0015 SD) using option 1 
of the Band model, 0.9481 (±0.0032 SD) using option 2 of the Band model and 0.9027 (±0.0068 SD) 
using option 3 of the Band model.  
 

 

 
Figure 5.13  Leverage exerted by each site at which within-windfarm avoidance rates were 

calculated on the overall, mean within-windfarm avoidance rate derived for small 
gulls. Solid line indicates mean within-windfarm avoidance rate across all sites, 
broken line indicates mean within-windfarm avoidance rate across all sites ± 1 
standard deviation, dots indicate mean within-windfarm avoidance rate with each 
site excluded from analysis. Sites are considered to have high leverage when their 
exclusion from the analysis leads to a change of more than 1 standard deviation in 
the overall mean within-windfarm avoidance rate. Sites with high leverage are 1 – 
black-headed gull at Boudwijnkanaal in October 2015, 2 – black-headed gull at Bouin 
and 18 – common gull at Hellrigg in 2012/13. 

 
For all three model options, the exclusion of data from black-headed gull at Bouin results in an 
increased within-windfarm avoidance rate (Figure 5.13). This is likely to be due to the presence of 
the turbines on the edge of a black-headed gull breeding colony.  This may have led to a greater 
number of flights through the rotor-swept area of turbines by adult birds returning to provision 
chicks and/or newly fledged chicks less experienced at flying. As a result of the relatively high 
collision rate, including this site in our analysis reduced the overall rate derived using option 1. The 
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leverage of data from Hellrigg in 2012/13 was of a similar magnitude, but in the opposite direction. 
Despite having the highest level of small gull activity and a high proportion of birds flying at collision 
risk height, no collisions were recorded at this site, in this year. However, we did not consider there 
to be a valid reason for excluding these sites from our analysis. 
 
Using options 2 and 3, excluding data for black-headed gull from Boudwijnkanaal in October 2005 
also resulted in an increase in the overall within-windfarm avoidance rates. The reason for this 
differing from the results for option 1 is that the modelled flight height distribution predicts a lower 
proportion of birds at collision risk height. As a consequence, the predicted collision rate, and 
therefore the within-windfarm avoidance rate, is reduced.  
 

 
Figure 5.14  Impact of dropping data points (each site-year-species combination) on the within-

windfarm avoidance rates derived using ratio estimators for options 1, 2 and 3 of 
the Band model for small gulls.  

 

Within-windfarm avoidance rates derived using all three model options remain relatively stable as 
the first 160,000 flights through windfarms were dropped from the analysis (Figure 5.14), before 
increasing as only the sites with the highest levels of gull activity remain. This reflects the fact that at 
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several of the sites with the highest levels of gull activity, no collisions were recorded, resulting in an 
overall increase in the within-windfarm avoidance rates as other sites were dropped.  
 

 
Figure 5.15  Impact of excluding sites with smaller turbines on the within-windfarm avoidance 

rates derived using ratio estimators for options 1, 2 and 3 of the Band model for 
small gulls. 

 
Using option 1 of the Band model, there does not appear to be a relationship between turbine size 
and the within-windfarm avoidance rates derived using ratio estimators (Figure 5.15). However, in 
the case of options 2 and 3, there is a trend for higher within-windfarm avoidance rates with larger 
turbines. The reason for this discrepancy is unclear, although it may reflect differences in the 
proportion of birds at collision risk height between the observed data and modelled distributions.  
 

We consider within-windfarm avoidance rates of 0.9921 (±0.0015 SD) for the basic Band model, and 
0.9027 (±0.0068 SD) for the extended Band model to be realistic, precautionary values given the 
data available. Whilst we identified several sites as having a strong influence over the final values 
derived, we do not feel there is sufficient reason to exclude these data from our analysis. It should 
be noted that the influence of these sites occurs in similar magnitudes in both positive and negative 
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directions. We did not identify any strong impact of turbine size on the final within-windfarm 
avoidance rate derived using option 1 of the Band model.   
 

Large gulls 

 

A total of 639,560 large gulls were expected to have passed through seven sites – Avonmouth (four 
studies, one species), Boudwijnkanaal (two studies, two species), Bouin (one study, one species), 
Gniezdzewo (three studies, three species), Hellrigg (three studies, three species), Kessingland (one 
study, three species) and Zeebrugge (three studies, two species) – over the course of their respective 
study periods. After adjustments were made to this total to account for the proportion of birds flying 
at rotor height, the size of the rotor swept area and the probability of birds passing through the 
rotor-swept area without colliding, this was predicted to result in 3,368 collisions based on option 1, 
1,684 collisions based on option 2, and 1,452 based on option 3. However, in total only 42 large gull 
collisions were recorded across all sites during their respective study periods. This corresponds to 
within-windfarm avoidance rates of 0.9956 (±0.0004 SD) using option 1 of the Band model, 0.9912 
(±0.0007 SD) using option 2 of the Band model and 0.9898 (±0.0009 SD) using option 3 of the Band 
model.  
 

 
Figure 5.16  Leverage exerted by each site at which within-windfarm avoidance rates were 

calculated on the overall, mean within-windfarm avoidance rate derived for large 
gulls. Solid line indicates mean within-windfarm avoidance rate across all sites, 
broken line indicates mean within-windfarm avoidance rate across all sites ± 1 
standard deviation, dots indicate mean within-windfarm avoidance rate with each 
site excluded from analysis. Sites are considered to have high leverage when their 
exclusion from the analysis leads to a change of more than 1 standard deviation in 
the overall mean within-windfarm avoidance rate. Sites with high leverage are 2 – 
herring/lesser black-backed gull, Boudwijnkanaal (October 2005), 3 – herring gull, 
Bouin , 8 – herring gull, Kessingland, 11 – herring gull, Zeebrugge (June-July 2001), 
12 – herring gull, Zeebrugge (September-October 2001), 15 – lesser black-backed 
gull, Zeebrugge (September-October 2001), and 20 – herring gull, Hellrigg (2012/13). 

 
There is no obvious pattern to the sites which have high leverage over the final derived within-
windfarm avoidance rates (Figure 5.16). Excluding the data for herring/lesser black-backed gull at 
Boudwijnkanaal in October 2005, herring gull for Kessingland and herring gull for Zeebrugge in June-
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July 2001 results in an increase in the overall within-windfarm avoidance rate. The size of turbines at 
these sites varies from small (51 m maximum turbine height at Zeebrugge) to large (126 m  
maximum turbine height at Kessingland) so the inclusion of different sizes of turbines does not 
appear to have influenced the within-windfarm influencing avoidance rates derived. In contrast, the 
inclusion of date for herring gull and lesser black-backed gull at Zeebrugge in September-October 
2001 and for herring gull at Hellrigg in 2012/13 results in an increase in the overall within-windfarm 
avoidance rate derived. In these cases, the increase in the within-windfarm avoidance rates is likely 
to be linked to the relatively high activity levels at these sites and relatively low collision rates. We 
do not consider there to be a valid reason for excluding these sites from the analysis. 

 
Figure 5.17  Impact of dropping data points (each site-year-species combination) on the within-

windfarm avoidance rates derived using ratio estimators for options 1, 2 and 3 of 
the Band model for large gulls.  

 

Within-windfarm avoidance rates derived using all three model options remain relatively stable as 
the first 22,000 flights through windfarms are dropped from the analysis (Figure 5.17), before 
increasing as only the sites with the highest levels of gull activity remain. This reflects the fact that at 
several of the sites with the highest levels of gull activity, no collisions were recorded, resulting in an 
overall increase in the within-windfarm avoidance rates as other sites were dropped.  
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Figure 5.18  Impact of excluding sites with smaller turbines on the within-windfarm avoidance 

rates derived using ratio estimators for options 1, 2 and 3 of the Band model for 
large gulls. 

 

Using option 1 of the Band model, there does not appear to be a relationship between turbine size 
and the within-windfarm avoidance rates derived using ratio estimators (Figure 5.18). However, in 
the case of options 2 and 3, there is a trend for lower within-windfarm avoidance rates with larger 
turbines. This apparent discrepancy is likely to reflect differences between the proportion of birds 
observed flying at collision risk height and the proportion of birds estimated to fly at collision risk 
height from generic distributions. The generic distributions estimated a lower proportion of birds 
flying at collision risk height for the larger turbines, meaning the predicted collision rate, and 
therefore overall within-windfarm avoidance rate, was reduced.   
 

We consider within-windfarm avoidance rates of 0.9956 (±0.0004 SD) for the basic Band model, and 
0.9898 (±0.0009 SD) for the extended Band model to be realistic, precautionary values given the 
data available. Whilst we identified several sites as having a strong influence over the final values 
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derived, we do not feel there is sufficient reason to exclude these data from our analysis. It should 
be noted that the influence of these sites occurs in similar magnitudes in both positive and negative 
directions. We did not identify any strong impact of turbine size on the final within-windfarm 
avoidance rate derived.  
 

All gulls 

 

A total of 2,567,124 gulls were expected to have passed through seven sites over the course of their 
respective study periods. After adjustments were made to this total to account for the proportion of 
birds flying at rotor height, the size of the rotor swept area and the probability of birds passing 
through the rotor-swept area without colliding, this was predicted to result in 10,052 collisions 
based on option 1, 4,054 collisions based on option 2, and 3,271 based on option 3. However, in 
total only 107 gull collisions were recorded across all sites during their respective study periods. This 
corresponds to within-windfarm avoidance rates of 0.9893 (±0.0007 SD) using option 1 of the Band 
model, 0.9735 (±0.0014 SD) using option 2 of the Band model and 0.9672 (±0.0018 SD) using option 
3 of the Band model.  

 
Figure 5.19  Leverage exerted by each site at which within-windfarm avoidance rates were 

calculated on the overall, mean within-windfarm avoidance rate derived for all gulls. 
Solid line indicates mean within-windfarm avoidance rate across all sites, broken line 
indicates mean within-windfarm avoidance rate across all sites ± 1 standard 
deviation, dots indicate mean within-windfarm avoidance rate with each site 
excluded from analysis. Sites are considered to have high leverage when their 
exclusion from the analysis leads to a change of more than 1 standard deviation in 
the overall mean within-windfarm avoidance rate. Sites with high leverage are 4 – 
black-headed gulls, Bouin, 5 – gull spp, Bouin, 28 – gull spp, Oosterbierum (autumn 
1990), 29 – gull spp, Oosterbierum (spring 1991), 35 – herring gull, Zeebrugge 
(September-October 2001), 38 – lesser black-backed gull in Zeebrugge (September-
October 2001), 46 – common gull, Hellrigg (2012/13).)  

 

For all three model options, excluding data for black-headed gulls at Bouin and gull spp at 
Oosterbierum in autumn 1990, results in an increase in the overall within-windfarm avoidance in the 
final derived within-windfarm avoidance rates (Figure 5.19). There are no obvious commonalities 
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between these sites. The turbines at Oosterbierum are relatively small with a maximum tip height of 
50 m, but those at Bouin are more typical of the sites in our study, with maximum tip heights of 100 
m. Using option 1, the exclusion of data from lesser black-backed gull at Zeebrugge in September-
October 2001 and common gull at Hellrigg in 2012/13 resulted in decreased within-windfarm 
avoidance rates. This is likely to reflect relatively high levels of bird activity in combination with very 
few recorded collisions at these sites, meaning they have a negative bias on the final, derived 
figures. This pattern was repeated for gull spp at Oosterbierum in spring 1991 and herring gulls and 
lesser black-backed gulls at Zeebrugge in September-October 2001 using options 2 and 3 and gull 
spp at Bouin using option 2.  
 
It should be noted that for all three model options, leverage occurred in both directions. We did not 
feel there was a valid justification for excluding any of these data points from our analysis. 
 

 
Figure 5.20  Impact of dropping data points (each site-year-species combination) on the within-

windfarm avoidance rates derived using ratio estimators for options 1, 2 and 3 of 
the Band model.  
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As might be expected, dropping sites from the analysis can influence the final within-windfarm 
avoidance rates. Only sites at which there is a relatively limited level of flight activity can be dropped 
from the analysis before the within-windfarm avoidance rates derived become less stable (Figure 
5.20). In all three model options, this is noticeable after around 22,000 of the 2,605,681 flights 
through the windfarms have been removed (Figure 5.20).  
 
Using option 1 of the Band model, dropping sites from the analysis results in an increase in the 
overall within-windfarm avoidance. This result suggests that, for option 1, a higher flux rate is 
associated with a higher within-windfarm avoidance rate. Collisions between birds and turbines are 
relatively rare events, so studies carried out over a month or two may under-estimate mean annual 
within-windfarm avoidance rates if they are targeted to specific times of year when collisions are 
more likely. Amongst our datasets, there was a propensity for studies carried out during the 
breeding season. At Zeebrugge, both herring and lesser black-backed gulls showed a marked 
increase in their within-windfarm avoidance rates during the autumn than during the breeding 
season. At present, data are not robust enough to enable detailed analysis of seasonal patterns in 
within-windfarm avoidance behaviour, but this is an area that would benefit from such analyses as 
better data become available.  
 
Initially a similar pattern is evident with option 3 of the Band model. However, when only the last 
few sites are included in the analysis, the final within-windfarm avoidance rates derived using ratio 
estimators start to fall (Figure 5.20). The decline is driven by breeding season data from Zeebrugge 
and Bouin, sites where turbines are situated close to the edge of breeding colonies. The reason the 
pattern is not evident in the within-windfarm avoidance rates derived using option 1 is the variation 
in the difference between the proportion of birds observed at rotor height in each study and those 
predicted to occur at rotor height based on the modelled flight height distribution. This is apparent 
when the differences between within-windfarm avoidance rates derived using options 1 and 2 are 
considered. Options 1 and 2 differ only in the proportion of birds predicted to fly at collision risk 
height. The proportion of birds estimated to fly at rotor height tended to be lower than the 
proportion of birds observed flying at rotor height (Appendix 7). As a result, the predicted collision 
rate, and therefore mean within-windfarm avoidance rate, was lower using option 2 than option 1. 
This difference becomes exaggerated under option 3 because, in addition to accounting for a lower 
proportion of birds flying at rotor height, fewer of these birds are predicted to collide.  
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Figure 5.21  Impact of excluding sites with smaller turbines on the within-windfarm avoidance 

rates derived using ratio estimators for options 1, 2 and 3 of the Band model for 
large gulls. 

 
Across all three model options there did not appear to be any consistent effect of excluding smaller 
data collected from sites with smaller turbines on the final within-windfarm avoidance rates derived 
(Figure 5.21).  
 
We consider that within-windfarm avoidance rates of 0.9893 (±0.0007 SD) for the basic Band model 
and 0.9672 (±0.0018 SD) for the extended Band model are realistic precautionary within-windfarm 
avoidance rates given the data available. Whilst we identified several sites as having a strong 
influence over the final values derived, we do not feel there is sufficient reason to exclude these 
data from our analysis. It should be noted that the influence of these sites occurs in similar 
magnitudes in both positive and negative directions. We did not identify any strong impact of 
turbine size on the final within-windfarm avoidance rate derived. 
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All terns 

 

A total of 1,286,562 terns were expected to have passed through one site – Zeebrugge – during June 
2004 and June 2005. After adjustments were made to this total to account for the proportion of 
birds flying at rotor height, the size of the rotor swept area and the probability of birds passing 
through the rotor-swept area without colliding, this was predicted to result in 1,408 collisions based 
on option 1, 1,299 collisions based on option 2, and 1,011 based on option 3. However, in total only 
21 tern collisions were recorded across all sites during their respective study periods. This 
corresponds to within-windfarm avoidance rates of 0.9851 (±0.0022 SD) using option 1 of the Band 
model, 0.9838 (±0.0031 SD) using option 2 of the Band model and 0.9792 (±0.0040 SD) using option 
3 of the Band model.  
 

 
Figure 5.22  Leverage exerted by each site at which within-windfarm avoidance rates were 

calculated on the overall, mean within-windfarm avoidance rate derived for terns. 
Solid line indicates mean within-windfarm avoidance rate across all sites, broken line 
indicates mean within-windfarm avoidance rate across all sites ± 1 standard 
deviation, dots indicate mean within-windfarm avoidance rate with each site 
excluded from analysis. Sites are considered to have high leverage when their 
exclusion from the analysis leads to a change of more than 1 standard deviation in 
the overall mean within-windfarm avoidance rate. Points with high leverage are 3 – 
Sandwich tern in June 2004, 4 – common tern in June 2005, 6 – Sandwich tern in 
June 2005. 

 
There was no obvious pattern in the data points with high leverage. Using all three model options, 
excluding common tern data from June 2005 was found to result in an increased within-windfarm 
avoidance rate, reflecting the relatively high collision rate involving this species in this year (Figure 
5.22). Using option 1, excluding Sandwich tern data from June 2005 resulted in a decrease in the 
within-windfarm avoidance rate derived. Using options 2 and 3 the same was true of Sandwich tern 
data in June 2004. This is likely to reflect the fact that relatively few collisions were recorded 
involving this species, despite a high flux rate. Differences between model options are likely to result 
from differences between the proportion of birds observed at collision risk height during surveys, 
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and that estimated from the modelled distributions. We do not consider there to be a valid reason 
to exclude any of these data from our analysis when deriving within-windfarm avoidance rates.  

 
Figure 5.23  Impact of dropping data points (each year-species combination) on the within-

windfarm avoidance rates derived using ratio estimators for options 1, 2 and 3 of 
the Band model for terns.  

 
Within-windfarm avoidance rates derived using all three model options remain relatively stable as 
the first 660,000 flights through windfarms are dropped from the analysis (Figure 5.23), before 
increasing as only the species with the highest levels of activity remain. This reflects the fact that 
Sandwich terns, the species with the highest levels of activity were involved in relatively few 
collisions, resulting in an overall increase in the within-windfarm avoidance rates as other species 
were dropped from the analysis.  
 
We consider that within-windfarm avoidance rates of 0.9851 (±0.0022 SD) for the basic Band model 
and 0.9792 (±0.0040 SD) for the extended Band model are realistic precautionary within-windfarm 
avoidance rates given the data available. Whilst we determined that some data points had a high 
level of leverage on the final values derived, we did not feel that there was sufficient justification for 
excluding them from our analysis. It should be noted that this leverage occurred in both positive and 
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negative directions. However, as data come from only a single site, it is unclear how transferable 
they are to novel sites.  
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6. SENSITIVITY ANALYSIS 

Within windfarm avoidance rates can be derived from sites at which estimates of collision rates and 
bird activity are available using the parameters listed in Table 6.1 and following equation 6 (see 
section 3.1). However, many of these parameters are incorporated into the calculations as mean 
values, or a range of values, and others must be estimated. Therefore, in order to understand how 
transferable these values may be between different models and situations, it is important to 
understand how sensitive the final avoidance rates are to each of the model input parameters. If 
avoidance rates are found to be highly sensitive to variation in one or more of the input parameters, 
it may raise questions about whether or not it is appropriate to apply the avoidance rates derived to 
novel sites.  
 
For this reason, we assess the sensitivity of each of the avoidance rates presented in Appendix 7 to 
different input parameters. These parameters include corpse correction factors used to correct for 
the efficacy of corpse searches (observed collision rate in eq. 6), which will be influenced by 
scavenger behaviour and searcher efficiency, and estimates of the number of birds passing through 
a windfarm over a given period of time (flux rate in eq. 6). They also include parameters used to 
calculate collisions in the absence of avoidance behaviour (Pcoll in eq. 6) including bird behavioural 
parameters such as flight speed and altitude, and turbine parameters such as rotor speed and pitch.  
 
Avoidance may also be sensitive to a range of additional factors which cannot be easily quantified. 
These include time of day, weather, proximity to breeding colonies or overlap with migration routes 
and the size of the turbines concerned. We use a brief literature review to consider how each of 
these factors may influence the avoidance rates we derive.  
 
6.1 Avoidance rates derived using the basic Band model (options 1 and 2) 

 

The variables used to estimate Pcoll, the first step to deriving an avoidance rate, are subject to 
differing levels of uncertainty. Some, such as rotor diameter, blade width and turbine height are 
fixed and are, therefore, known quantities with very little, if any, uncertainty surrounding them. 
Others, such as rotor speed and pitch and aspects of bird behaviour, such as flight speed and altitude 
and the propensity to fly upwind or downwind are subject to a greater degree of uncertainty. As part 
of the sensitivity analysis, we focus on the parameters which are not fixed and, therefore, subject to 
varying degrees of uncertainty, in order to determine what influence the inaccurate estimation of 
each of these parameters has on the final derived avoidance rates. Whilst the focus of much of the 
interest in collision risk modelling has been on avoidance rates, it is actually 1-avoidance rate, or the 
non-avoidance rate which is applied in the final step of the Band collision risk model (Band pers. 

comm., Masden et al. in prep). For this reason, we focus our sensitivity analysis on this factor, rather 
than the avoidance rate. 
 
For each of the sites and species combinations presented in Appendix 7 at which collisions were 
recorded, we consider the impact that a 10% increase (following Chamberlain et al. 2006) in each of 
rotor speed, rotor pitch, bird flight speed, flux rate and the proportion of flights upwind would have 
on the avoidance rates derived using option 1. In addition, we also consider the influence of a 10% 
increase in corpse detection rate. 
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Table 6.1  Input parameters for the Band (basic and extended model) 
 

Parameter Sensitivity assessed 

Species name No 
Bird length No 
Wingspan No 
Flight speed Yes – 10% increase considered following Chamberlain et al. (2006) 
Nocturnal activity 
factor (1-5) 

Considered as part of increase in flux rate 

Flight type, flapping or 
gliding 

No – Seabirds most likely to engage in flapping flight, which is the higher 
risk activity 

Daytime bird density Yes – considered as part of increase in flux rate 
Proportion at rotor 
height 

Yes – 10% increase in birds flying at risk height considered for basic 
model, 200 randomly simulated distributions considered for the extended 
model 

Proportion of flights 
upwind 

Yes – 10% increase in the proportion of birds flying upwind considered 

Name of windfarm site No – Fixed parameter 
Latitude No – Fixed parameter 
Number of turbines No – Fixed parameter 
Width of windfarm No – Fixed parameter 
Tidal offset No – Suitable datasets were only available for onshore windfarms 
Turbine model No – Fixed parameter 
No. of blades No – Fixed parameter 
Mean rotation speed Yes – 10% increase considered following Chamberlain et al. (2006) 
Rotor radius No – Fixed parameter 
Hub height No – Fixed parameter 
Monthly proportion of 
time operational 

Yes – considered as part of increase in flux rate 

Max blade width No – Fixed parameter 
Pitch Yes – 10% increase considered following Chamberlain et al. (2006) 
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6.1.1  Sensitivity to the assumed flux rate at the windfarm 

 

 

 
Figure 6.1  Sensitivity of non-avoidance rates for each species and site in Appendix 7 at which a 

collision was recorded and derived using the basic Band model, to the assumed flux 
rate at each site. Blue dots indicate the non-avoidance rate derived assuming the 
flux rate presented in Appendix 7, red dots indicate the non-avoidance rate derived 
assuming a 10% increase in the flux rate at each site.  

 
Bird flux rate is an estimate of the total number of birds passing through the windfarm when it is 
operational. As such, it combines estimates of the number of birds recorded within the windfarm, 
the proportion of birds at collision risk height, corrections for nocturnal activity and an estimate of 
the monthly proportion of time it is operational. An increase in the flux rate derived at each site 
results in a decrease in the derived non-avoidance rates (Figure 6.1). This is because, whilst the 
observed number of collisions remains constant, the number of birds passing through the windfarm 
increases, meaning that a greater proportion of them are assumed to have avoided collision. These 
changes are approximately inversely proportional to the increase in the numbers of birds passing 
through the site. A comparison of the mean non-avoidance rates based on the flux rate presented in 
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Appendix 7, with the mean non-avoidance rates assuming a 10% increase in this flux rate suggests 
that such an increase may result in a 9.1% decrease in the non-avoidance rate.  
 

6.1.2  Sensitivity to the corpse detection rate at the windfarm 

 

 
Figure 6.2  Sensitivity of non-avoidance rates for each species and site in Appendix 7 at which a 

collision was recorded and derived using the basic Band model, to the assumed 
corpse detection rate at each site. Blue dots indicate the non-avoidance rate derived 
assuming the number of collisions presented in Appendix 7, red dots indicate the 
non-avoidance rate derived assuming a 10% increase in the number of collisions 
detected at each site.  

 

During the search for collision victims, corpses may be missed either as a result of searcher 
inefficiency, or through the removal of carcasses by predators (Winkelman 1992). As a result it is 
often necessary to correct observed collision rates to account for these missing corpses. Assuming 
an increase in the total number of victims leads to an increase in the derived non-avoidance rate 
because the total number of birds passing through the windfarm remains constant and it is assumed 
a higher proportion of them collide with the turbines. These increases in the non-avoidance rate are 
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proportional with the increase in corpse detection (Figure 6.2), with a 10% correction in the number 
of collisions to account for a failure to detect corpses resulting in 10% increase in the non-avoidance 
rate. 
 
6.1.3  Sensitivity to the proportion of birds flying upwind 

 

 
Figure 6.3  Sensitivity of non-avoidance rates for each species and site in Appendix 7 at which a 

collision was recorded and derived using the basic Band model, to the proportion of 
birds flying upwind at each site. Blue dots indicate the non-avoidance rate derived 
assuming the number of collisions presented in Appendix 7, red dots indicate the 
non-avoidance rate derived assuming a 10% increase in the proportion of birds flying 
upwind detected at each site.  

 

A 10% change to the proportion of birds flying upwind resulted in a small decrease in the derived 
non-avoidance rates (Figure 6.3) of 1.17%. These results suggest that the proportion of birds 
estimated to fly up or downwind has a relatively small effect on the final, derived non-avoidance 
rate.  
 

Proportion of Birds Flying Upwind

1 - Avoidance Rate

Gulls1

All Species (mostly large gulls)1
Gulls1
Gulls1

Gulls1

Gulls1
Gulls1

Gulls1
Black-headed Gull

Gulls1

Herring Gull
Common/Black-headed Gull

All species1

Herring Gull

Black-headed gull
Common Gull

Herring Gull
Gulls1

Gulls1
Gulls1

Gulls1

All species1
Eider

Common Tern
Gulls1

Little Tern
Common Tern

Gulls1
Little Tern

Common Tern
Gulls1

Little Tern

Common Tern
Gulls1

Little Tern
Sandwich Tern

Common Tern
Gulls1

Little Tern
Sandwich Tern

Common Tern

Gulls1
Little Tern

Sandwich Tern
Common Tern

Gulls1
Little Tern

Sandwich Tern

0.0 0.1 0.2 0.3 0.4 0.5



 

BTO Research Report No. 656 

September 2014 110 

6.1.4  Sensitivity to the mean turbine rotor speed  

 

 
Figure 6.4  Sensitivity of non-avoidance rates for each species and site in Appendix 7 at which a 

collision was recorded and derived using the basic Band model, to the turbine rotor 
speed at each site. Blue dots indicate the non-avoidance rate derived assuming the 
number of collisions presented in Appendix 7, red dots indicate the non-avoidance 
rate derived assuming a 10% increase in the turbine rotor speed at each site.  

 

A 10% increase in the mean turbine rotor speed assumed typically resulted in a decrease in the 
derived non-avoidance rates of approximately 5.5% (Figure 6.4). The reason for this decrease is that 
as the rotor speed increases, the time available for a bird to pass through unharmed decreases, 
meaning that the predicted collision rate increases whilst the recorded number of collisions remains 
constant. Based on the turbines we considered, a 10% increase in mean rotor speed reflects an 
increase of between 1 and 4 rotations per minute. Published data from turbine manufacturers 
(http://www.4coffshore.com/) suggests the range of operational speeds for turbines is like to vary 
by between 5 and 15 rpm. As such, the increase in rotation speed we consider may be somewhat 
conservative but, without more detailed curves showing the range of operational speeds used by 
different turbines, assessing this is difficult.  
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6.1.5  Sensitivity to the turbine pitch 

 

 
Figure 6.5  Sensitivity of non-avoidance rates for each species and site in Appendix 7 at which a 

collision was recorded and derived using the basic Band model, to the turbine pitch 
at each site. Blue dots indicate the non-avoidance rate derived assuming the 
number of collisions presented in Appendix 7, red dots indicate the non-avoidance 
rate derived assuming a 10% increase in the turbine pitch at each site.  

 
A 10% change in the assumed turbine pitch resulted in a fairly negligible decrease in the derived 
non-avoidance rates (Figure 6.5) of 0.2%. Our calculations were based on an assumption of a 10˚ 
pitch for each turbine, so a 10% increase reflects an 11˚ pitch. Available data describing the pitch of 
operational turbines are extremely limited. As a consequence, it is not possible to determine how 
well these values reflect reality at operational turbines.   
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6.1.6  Sensitivity to the bird flight speed  

 
Figure 6.6  Sensitivity of non-avoidance rates for each species and site in Appendix 7 at which a 

collision was recorded and derived using the basic Band model, to the bird flight 
speed at each site. Blue dots indicate the non-avoidance rate derived assuming the 
number of collisions presented in Appendix 7, red dots indicate the avoidance rate 
derived assuming a 10% increase in the bird flight speed at each site.  

 

A 10% increase in the assumed bird flight speed resulted in an increase in the derived non-avoidance 
rates (Figure 6.6) of 5.5%. This increase reflects the fact that the faster a bird passes through the 
rotor swept-area, the less likely it is to be hit. As a result an increase in flight speed results in a 
decrease in the predicted number of collisions whilst the observed number of collisions remains 
constant. For our study species a 10% increase in flight speed reflects an increase of 1-1.3 m/s. 
Alerstam et al. (2007) suggest that the standard deviations around the mean flight speeds for our 
study species are in the region of 1-2 m/s, suggesting that a 10% increase in flight speed may be a 
realistic, precautionary assumption.   
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6.1.7  Basic Band model sensitivity conclusions 

 
Figure 6.7  Sensitivity of derived non-avoidance rates derived using the basic Band model to a 

10% increase in each of the Band model parameters. 
 
Of the parameters considered, the final derived non-avoidance rates were most sensitive to flux rate 
and the corpse correction (Figure 6.7). An increase in the flux rate meant that the predicted collision 
rate increased, whilst the observed collision rate remained constant (see eq. 6, section 3.1); as a 
consequence, the non-avoidance rate decreased in response to an increase in the flux rate. For 
similar reasons, an increase in the number of corpses detected resulted in an increase in the non-
avoidance rate derived. The impacts of assumed rotor speed and bird speed on the derived non-
avoidance rates were of a similar magnitude, but in opposite directions. An increased assumed rotor 
speed results in a decreased non-avoidance rate because faster turbines result in an increased risk of 
collision. As a consequence, a faster rotor speed would result in an increase in the predicted collision 
rate, whilst the observed collision rate remains constant. This results in a decrease in the non-
avoidance rate. In contrast, an increase in the assumed speed of the birds passing through the rotor 
swept area of a turbine decreases the risk of collision. As a consequence, the predicted collision rate 
decreases and, for the reasons stated above, the non-avoidance rate derived increases. Whilst 
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increases in both the assumed pitch and the proportion of flights upwind resulted in decreases in the 
derived non-avoidance rates, the impact of both parameters was negligible.  
 

6.2 Avoidance rates derived using the extended Band model (option 3) 

 
In addition to the variables described above (section 6.1), non-avoidance rates derived using the 
extended Band model are also likely to be sensitive to the assumed flight height distributions. 
Collision risk is not evenly distributed within the rotor swept area of turbines, and is greatest 
towards the centre of the rotor disk. The extended Band model makes use of flight height 
distributions, such as those derived by Johnston et al. (2014a) to account for this variable risk. 
However, as these are continuous distributions, it is not appropriate to simply assume, for example, 
that an additional 10% of birds fly at rotor height as this will have implications for the overall shape 
of the distribution. Therefore, in addition to the parameters considered for the basic Band model, 
for each species/site combination we consider, we use 200 random distributions estimated following 
the methodology of Johnston et al. (2014a) to investigate sensitivity to the assumed distribution 
(Figure 6.8). It is important to note that by comparing between different distributions, the outputs of 
the sensitivity analysis will not be strictly comparable to the outputs of the sensitivity analyses 
described above. 

 
Figure 6.8  200 Random flight height distributions estimated for each of eider, black-headed 

gull, herring gull, common tern and Sandwich tern, species for which avoidance 
rates could be derived from a combination of recorded collisions and recorded levels 
of bird activity, using the methodology set out in Johnston et al. (2014a) and used to 
assess the sensitivity of derived avoidance rates to the assumed flight height 
distribution.  
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6.2.1  Sensitivity to assumed flight height distribution 

 
Figure 6.9  Sensitivity of non-avoidance rates derived for each species and site in Appendix 7 at 

which a collision was recorded and derived using the extended Band model, to the 
assumed flight height distribution at the site. Blue dots indicate the mean non-
avoidance rate values derived from 200 random flight height distributions at each 
site, red lines indicate the standard deviation around these values, actual values 
shown alongside plot.   

 

The sensitivity of the derived non-avoidance rates to different flight height distributions appears to 
be highly variable (Figure 6.9). The greatest sensitivity appears to occur where derived non-
avoidance rates are highest. This relationship is likely to reflect the level of activity at any given site. 
For example, consider two sites, at the first of which 1 flight out of 100 at rotor height results in a 
collision and at the second of which 1 flight out of 1000 results in a collision. If the estimate of the 
proportion of birds flying at rotor height increases at each site by 10%, whilst the recorded number 
of collisions remains constant, this becomes 1 flight out of 110 at the first site and 1 flight out of 
1,100 at the second. At the first site the non-avoidance rate decreases from 0.0100 to 0.0091, whilst 
at the second it decreases from 0.0010 to 0.0009. The overall decrease is therefore greater at the 
first site, with the lower level of flight activity.  
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6.2.2  Sensitivity to the assumed flux rate at the windfarm 

 
Figure 6.10  Sensitivity of non-avoidance rates derived for each species and site in Appendix 7 at 

which a collision was recorded and derived using the extended Band model, to the 
assumed flux rate at each site. Blue dots indicate the non-avoidance rate derived 
assuming the flux rate presented in Appendix 7, red dots indicate the non-avoidance 
rate derived assuming a 10% increase in the flux rate at each site. % change in the 
non-avoidance rates following a 10% increase in flux rate shown alongside graph.  

 
Bird flux rate is an estimate of the total number of bird passing through the windfarm when it is 
operational. As such, it combines estimates of the number of birds recorded within the windfarm, 
corrections for nocturnal activity and an estimate of the monthly proportion of time it is operational. 
An increase in the flux rate derived at each site results in a decrease in the derived non-avoidance 
rates (Figure 6.10). This is because, whilst the observed number of collisions remains constant, the 
number of birds passing through the windfarm increases, meaning that a greater proportion of them 
are assumed to have avoided collision. These decreases are roughly inversely proportional to the 
increase in flux rate, although in contrast to the case of the basic Band model, this value will vary 
across sites as a consequence of the different height distributions assumed. A comparison of the 
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mean avoidance rates based on the flux rate presented in Appendix 7, with the mean avoidance 
rates assuming a 10% increase in this flux rate suggests that such an increase may result in a mean 
8.73% decrease in the non-avoidance rate.  
 

6.2.3  Sensitivity to the corpse detection rate at the windfarm 

 
Figure 6.11  Sensitivity of non-avoidance rates for each species and site in Appendix 7 at which a 

collision was recorded and derived using the extended Band model, to the assumed 
corpse detection rate at each site. Blue dots indicate the non-avoidance rate derived 
assuming the number of collisions presented in Appendix 7, red dots indicate the 
non-avoidance rate derived assuming a 10% increase in the number of collisions 
detected at each site. % change in the non-avoidance rates following a 10% increase 
in the number of collisions detected shown alongside graph.  

 

During the search for collision victims, corpses may be missed either as a result of searcher 
inefficiency, or through the removal of carcasses by predators (Winkelman 1992). As a result it is 
often necessary to correct observed collision rates to account for these missing corpses. Assuming 
an increase in the total number of victims leads to an increase in the derived non-avoidance rate 
because the total number of birds passing through the windfarm remains constant and it is assumed 
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a higher proportion of them collide with the turbines (Figure 6.11). This increase is broadly 
proportional with the increase in the flux rate across sites, with a mean 10.43% increase in the non-
avoidance rate following a 10% increase in the flux rate.  
 

6.2.4  Sensitivity to the proportion of birds flying upwind 

 
Figure 6.12  Sensitivity of non-avoidance rates derived for each species and site in Appendix 7 at 

which a collision was recorded and derived using the extended Band model, to the 
proportion of birds flying upwind at each site. Blue dots indicate the non-avoidance 
rate derived assuming 50% of birds flying upwind, red dots indicate the avoidance 
rate derived assuming a 10% increase in the proportion of birds flying upwind at 
each site. % change in the non-avoidance rates following a 10% increase in the 
proportion of birds flying upwind shown alongside graph.  

 

A 10% change to the proportion of birds flying upwind resulted in a fairly negligible decrease in the 
derived avoidance rates (Figure 6.12). The % increases were typically <1%, and across all sites a 10% 
increase in the proportion of birds flying upwind resulted in a decrease in the non-avoidance rate of 
approximately 0.97%. These results suggest that the proportion of birds estimated to fly up or 
downwind has a negligible effect on the final, derived non-avoidance rate.  
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6.2.5  Sensitivity to the turbine rotor speed  

 
 

Figure 6.13  Sensitivity of non-avoidance rates derived for each species and site in Appendix 7 at 
which a collision was recorded and derived using the extended Band model, to the 
turbine rotor speed. Blue dots indicate the non-avoidance rate derived based on the 
rotor speed values presented in Appendix 7, red dots indicate the non-avoidance 
rate derived assuming a 10% increase in these rotor speeds. % change in the non-
avoidance rates following a 10% increase in the turbine rotor speed shown alongside 
graph.  

 

A 10% increase in the assumed turbine rotor speed typically resulted in a decrease in the derived 
non-avoidance rates (Figure 6.13). Across all sites a 10% increase in the rotor speed resulted in a 
decrease in the non-avoidance rate of approximately 6.45%.  
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6.2.6  Sensitivity to the turbine pitch  

 
Figure 6.14  Sensitivity of non-avoidance rates derived for each species and site in Appendix 7 at 

which a collision was recorded and derived using the extended Band model, to the 
turbine pitch. Blue dots indicate the non-avoidance rate derived based on the rotor 
speed values presented in Appendix 7, red dots indicate the non-avoidance rate 
derived assuming a 10% increase in the pitch. % change in the non-avoidance rates 
following a 10% increase in the turbine rotor speed shown alongside graph.  

 

A 10% change in the assumed turbine pitch resulted in a fairly negligible decrease in the derived 
non-avoidance rates (Figure 6.14). The % decreases were typically <1%, and across all sites a 10% 
increase in the turbine pitch resulted in a decrease in the non-avoidance rate of approximately 
0.21%.  
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6.2.7  Sensitivity to the bird flight speed  

 
Figure 6.15  Sensitivity of non-avoidance rates derived for each species and site in Appendix 7 at 

which a collision was recorded and derived using the extended Band model, to the 
bird flight speed. Blue dots indicate the non-avoidance rate derived based on the 
bird flight speed values presented in Table 5.4, red dots indicate the non-avoidance 
rate derived assuming a 10% increase in the bird flight speed. % change in the non-
avoidance rates following a 10% increase in the bird flight speed shown alongside 
graph.  

 

A 10% increase in the assumed bird flight speed typically resulted in an increase in the derived non-
avoidance rates (Figure 6.15). Across all sites a 10% increase in the bird flight speed resulted in an 
increase in the non-avoidance rate of approximately 7.31%.  
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6.2.8  Extended Band model sensitivity conclusions 

 

 
Figure 6.16  Sensitivity of non-avoidance rates derived using the extended Band model to Band 

model parameters. Sensitivity to flight height distribution is assessed by considering 
the standard deviation calculated from non-avoidance rates derived using 200 
randomly simulated flight height distributions and sensitivity to the remaining 
parameters is derived from a 10% increase in the values presented in Appendix 7 
and Table 5.4. 

 

Of the parameters considered, the derived non-avoidance rates appear to be most sensitive to the 
assumed flight height distribution (Figure 6.16). However, the assessment of sensitivity for this 
parameter is not strictly comparable to that for the other parameters as it is not possible to make a 
simple assumption about a change in a continuous distribution in the same way it is about a change 
in, for example, rotor speed  or bird numbers. Furthermore, the magnitude of the sensitivity in this 
parameter may be strongly influenced by 11 of the 45 data points, for which there was particularly 
high variation around the mean values (Figure 6.9). On closer examination, this variation appears to 
be strongly linked to sites with relatively low levels of bird activity (Figure 6.17).  
 
Of the remaining parameters, the derived non-avoidance rates were most sensitive to changes in the 
flux rate at the windfarm (the number of birds passing through over the course of the study period) 
and the accuracy with which corpses were detected. Both rotor speed and bird speed also appeared 
to have a moderate influence on the derived non-avoidance rates (Figure 6.18). The sensitivity of the 
non-avoidance rates to the input parameters appeared to be relatively consistent between option 1 
and option 3.  
 
Sensitivity to each parameter also appeared to be strongly linked to the number of birds estimated 
flying through each monitored windfarm (Figures 6.10 and 6.17). As the number of birds passing 
through a site increases, the sensitivity of the derived non-avoidance rates to each of the model 
parameters, including the assumed flight height distribution, drops markedly. This finding is 
consistent with that of Douglas et al. (2012) who found that the sensitivity of predicted collision 
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rates to input parameters dropped as the quantity of observational data increased. In the case of 
sensitivity to the assumed flight height distributions used, at sites where flight activity is greatest, 
the derived avoidance rates have a similar level of variability to this and to other parameters. This is 
because for two sites where similar numbers of collisions are recorded, but at which the levels of 
bird activity differ, the non-avoidance rate will be higher at the site with the lowest level of bird 
activity. As a consequence, where an identical change occurs at both sites, the total change in the 
non-avoidance rate will be greatest at the site with the lowest level of bird activity.  

 
Figure 6.17 Sensitivity of the non-avoidance rate derived using option 3 of the Band model to 

the assumed flight height distribution.  
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Figure 6.18  Sensitivity of non-avoidance rates derived using option 3 of the Band model to a 

10% increase in each of the following parameters – flux rate, corpse detection, 
proportion of flights upwind, rotor speed, pitch and bird speed.  

 

6.3 Sensitivity analysis conclusions 

 

Avoidance rates derived using both the extended and basic Band models were sensitive to 
uncertainty surrounding the flux rate, corpse correction factor, rotor speed and bird speed. Whilst 
we considered a 10% increase in each of these parameter values to test the sensitivity of the models 
to the underlying assumptions, it would be valuable to consider how this compares to the actual 
range in each of these parameters experienced at each site. This would enable us to better quantify 
the uncertainty surrounding the derived avoidance rates. However, such an analysis would be 
complex, especially given that some parameters may co-vary, or be influenced by factors not 
included in the model, for example, both rotor speed and bird speed are likely to be influenced by 
wind speed. Such an analysis would be beyond the scope of this project and has not been considered 
here.  
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6.4 Sensitivity to other external factors 

 

6.4.1  Weather 

 

The flight behaviour of birds may be strongly influenced by weather conditions. However, much of 
the research on this subject has been carried out in relation to migration (e.g. Larkin & Thompson 
1980, Gauthreaux 1991, Zehnder et al. 2001, Dokter et al. 2011). Weather is likely to influence 
avoidance behaviour in two ways. Firstly, by reducing visibility, making it harder to detect hazards 
and, therefore, increasing the risk of collision and, secondly, by affecting the manoeuvrability of 
birds as a result of strong winds or the presence of thermals (Spear & Ainley 1997, Shamoun-Baranes 
et al. 2006, Shamoun-Baranes & van Loon 2006).    
 
Increases in the numbers of recorded collisions between birds and wind turbines, or other man-
made objects, have been widely reported following periods of dull, overcast weather (Crawford 
1981, Winkelman 1992, Bevanger 1994). This is likely to be because poor visibility reduces the ability 
of birds to detect turbines, and may lead to them becoming disorientated (Williams et al. 1974, Able 
1982, Richardson 1990). As a result, the avoidance rates of individual birds are likely to be lower 
during periods of poor visibility. However, data used for collision risk modelling are based on the 
abundance of birds in flight within the windfarm, during conditions with good visibility (Camphuysen 
et al. 2004).  
 
In contrast, there is some, limited, evidence that some bird species may be more likely to forage 
inland, and less likely to fly during periods of poor visibility (Williams et al. 1974, Pinder 1989), 
reducing the number of birds in flight within the windfarm in comparison to baseline survey data 
used in collision risk modelling. Such a potential reduction in the number of birds in flight needs to 
be factored into the avoidance rates used in collision risk modelling.  
 
As a result, it is unclear as to the extent to which conditions with poor visibility may affect the 
avoidance rates necessary for use in offshore windfarms. To understand the potential importance of 
this, it is necessary to quantify the proportion of birds likely to be in flight, at sea when visibility is 
poor. Data collected using modern GPS tags has the potential to answer this problem and also 
inform on nocturnal flight activity.  
 
Wind speed and direction both influence bird flight behaviour (e.g. Spear & Ainley 1997, Safi et al. 

2013), within potential implications for avoidance rates. At onshore windfarms, birds have been 
observed to exhibit less risky flight behaviour during periods of increasing wind (Barrios & Rodriguez 
2004). During periods of strong winds, Krijgsveld et al. (2011) noted a decrease in the number of 
birds in flight around Egmond aan Zee during periods of strong wind. However, as these data were 
collected using radar, they emphasise that these observations may reflect increased clutter from 
waves, rather than a decrease in the total number of birds.  
 
Studies have demonstrated that birds make use of wind conditions to minimise the energetic cost of 
flight and optimise the trade-off between the maximum range they can reach and the energy they 
expend in reaching it (Williams et al. 1974, Spear & Ainley 1997, de Lucas et al. 2012). They achieve 
this in two ways. Firstly, birds fly faster into headwinds than tail or crosswinds (Tucker & Schmidt-
Koenig 1971, Larkin & Thompson 1980, Wakeling & Hodgson 1992, Spear & Ainley 1997). This would 
lead to a decrease in the avoidance rates derived above, as the probability of a bird colliding with a 
turbine would be reduced, reducing the ratio of predicted to observed collisions (see sections 6.1.6 
and 6.2.7). Secondly, during stronger winds, birds have a tendency to fly more slowly (Larkin & 
Thompson 1980, Spear & Ainley 1997). This would lead to an increase in the avoidance rates derived 
above, as the probability of a bird colliding with a turbine would be increased, increasing the ratio of 
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predicted to observed collisions (see sections 6.1.6 and 6.2.7). As with the influence of visibility, the 
relative importance of wind direction and speed on avoidance behaviour is hard to quantify. The 
situation is further complicated as birds may be less likely to fly during periods of heavy wind 
(Stienen et al. 2000). Again, the growth of modern tracking technology has the potential to help 
address some of these issues. 
  
6.4.2  Habitat use 

 

The avoidance behaviour of birds in relation to an offshore windfarm may relate to how the habitat 
surrounding the turbines is used – for example, are turbines close to a breeding colony, are turbines 
situated on a commuting route, or are turbines situated on a key foraging area. Varying responses to 
the surrounding habitat are likely to manifest themselves in different flight modes, and these 
different flight modes are likely to have different levels of collision risk associated with them (Martin 
2010, 2011). When foraging or searching for roost sites and conspecifics, birds can considerably 
reduce their detection of obstacles, and therefore increase their risk of collision, by moving their 
heads vertically (Martin & Shaw 2010).  Collision risk at turbines surrounding colonies, as was the 
case for several of the sites included in our review, may therefore be inflated by birds arriving at the 
colony searching for their nests. Collision risk at breeding colonies may be further inflated by the 
display flights undertaken by males at the start of the breeding season (May et al. 2013) and by the 
presence of young birds, whose flight behaviour may place them at greater risk of collision 
(Henderson et al. 1996) at the end of the breeding season.  
 
It is unclear whether foraging may confer a greater collision risk than searching for conspecifics on 
arrival at breeding colonies. It is, therefore, difficult to say with any certainty whether birds foraging 
within the area of offshore windfarms may be at lesser or greater risk of collision than those 
returning to breeding colonies and searching for conspecifics. However, when at sea, species such as 
northern gannets may restrict their foraging behaviour to relatively discrete areas (Hamer et al. 

2009, Pettex et al. 2010). Therefore, the majority of the area covered at sea is likely to fall within the 
less risky category of commuting flights. As a consequence, relying on avoidance rates derived from 
turbines next to breeding colonies, such as those at Bouin and Zeebrugge, for birds at sea is likely to 
result in an overestimate of the true risk of collision. New technology, for example camera-loggers 
(e.g. Votier et al. 2013), has the potential to help gain a better understanding of collision risk at sea 
both by revealing more details about activity budgets, and also by allowing quantification of the 
proportion of flight time spent by birds looking straight ahead, and therefore at less risk of collision, 
as opposed to looking below.  
 
6.4.3 Turbine Size 

 
Initial analyses suggested that there was no strong relationship between turbine size and the 
avoidance rates derived for each of the species and groups we considered in our review (see section 
5.3.3.2). Plots of avoidance rate against maximum turbine tip height appear to support this 
conclusion (Figure 6.19). 
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Figure 6.19 Relationship between maximum rotor tip height and the avoidance rate derived 

using option 1 of the Band model for all gulls.  
 
6.4.4  Seasonality 

 

Our analysis of the data from Zeebrugge present limited evidence that there may be a seasonal 
aspect to collision risk (see Section 5.1). These data suggest that avoidance rates may be higher in 
the autumn than in the breeding season. This may be related to two factors. Firstly the presence of 
younger, inexperienced birds which may have riskier flight behaviour (e.g. Henderson et al. 1996). 
Secondly, given that several of our study sites were located on the edge of breeding colonies, it may 
be that during the breeding season birds arriving at colonies focus on locating their nests and are 
therefore less likely to see turbines, increasing the collision risk.  
 
6.4.5  Applicability of avoidance rates between species 

 

Avoidance rates are likely to be linked to a bird’s ability to detect a turbine and perceive it as a 
potential threat in sufficient time to take action to avoid collision. Whilst we have able to derive a 
within-windfarm avoidance rate for gulls, we have been unable to come up with a suitable value for 
northern gannet due to lack of data.  Therefore we consider other supporting evidence to evaluate 
whether for northern gannet total avoidance rates are likely to be higher or lower than those for 
gulls.    
 
Total avoidance rates are likely to be a combination of the probability of a bird detecting a turbine 
and its ability to take last-second action to avoid collision. Ability to take last-second avoidance 
action is likely to be linked to a species manoeuvrability and a previous review used this as the basis 
for recommending avoidance rates for different species (Maclean et al. 2009). In general expert 
opinion suggests that the  In general, expert opinion suggests that the flight manoeuvrability of 
northern gannets may be less than that of gulls (Garthe and Hüppop 2004, Furness et al. 2013), 
suggesting that they need more time to react to the presence of a turbine, and may therefore need 
to detect it earlier. Evidence from our review suggests that a high proportion of northern gannets 
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avoid entering windfarms (Krijgsveld et al. 2011, Vanermen et al. 2013). In addition, observations 
undertaken within offshore windfarms suggest that very few northern gannets pass close enough to 
turbines to be at risk of collision (see section 5.1).  
 
Birds are likely to be better able to detect obstacles, such as turbines, when they are looking straight 
ahead, as opposed to down, towards the sea-surface (Martin 2010). At sea, it may be reasonable to 
assume that birds will look downwards when actively foraging, and straight ahead when migrating or 
commuting between their breeding colonies and foraging areas. Northern gannet typically forage 
using area-restricted search (ARS) behaviour (based on diving activity) resulting in a relatively small 
proportion of the total area covered being actively used when at sea (Hamer et al. 2009, Votier et al. 
2013). These ARS zones are found solely on the outbound part of the foraging trip. In contrast, gulls 
are not likely to limit their foraging area to such restricted zones within foraging trips (Kubetzki and 
Garthe 2003, Schwemmer and Garthe 2005), and may therefore spend a greater proportion of their 
time at sea looking towards the sea-surface. The distance over which birds can see is strongly 
correlated with body size (Brooke et al. 1999). As a consequence, northern gannets are likely to be 
able to detect turbines at a greater distance than gulls. Recent evidence suggests that northern 
gannets may respond to the presence of fishing vessels over distances of up to 11 km (Bodey et al. 
2014). These results suggest that, at least theoretically, northern gannets may be capable of 
responding to the presence of a windfarm over considerable distances. 
 
 Whilst insufficient data were available to derive within-windfarm avoidance rates for northern 
gannets, evidence of strong avoidance of windfarms, in contrast to gulls which appear to show no 
consistent response, suggests that total avoidance rates for northern gannets are unlikely to be 
lower than those for gulls.  
 
6.4.6 Comparability of onshore and offshore avoidance rates 

 

The difficulty of recording collisions in the offshore environment has meant that estimates of within-
windfarm avoidance rely on data collected from terrestrial windfarms. However, birds may respond 
differently to onshore and offshore turbines. For example, migrating geese have been found to 
consistently avoid entering offshore windfarms, demonstrating macro-avoidance, (Plonckzkier & 
Simms 2012) but may habituate to the presence of onshore turbines (Madsen & Boertmann 2008).  
 
Understanding how avoidance behaviour differs between onshore and offshore environments 
requires an understanding of how flight behaviour differs between the two. Modern GPS tracking 
technologies have made such comparisons easier, and it appears that whilst lesser black-backed 
gulls may spend a similar proportion of their time in flight in both environments (Kolios 2009), there 
is a tendency to fly lower when offshore (Corman & Garthe 2014, Ross-Smith et al. in prep.). As this 
would result in fewer flights at risk height in the offshore than onshore environment, this would be 
accompanied by decrease in both the proportion of birds at risk height (and therefore the predicted 
collision rate) and the actual collision rate of the same proportion. Consequently the avoidance rate 
would be unchanged between the onshore and offshore environments. However, there remain a 
number of other possible differences between onshore and offshore flight behaviour. Gulls are 
capable of adjusting their flight mode in response to airflow patterns which differ between onshore 
and offshore environments, in order to minimize their energy expenditure (Shamoun-Baranes & van 
Loon 2006). In the onshore environment they can take advantage of thermals by soaring and wind 
blowing up slopes or other major topographical features resulting in slope lift soaring. Whereas in 
the offshore environment a boundary layer can be created as the wind blows over the surface of the 
sea resulting in differential air wind speeds which some seabirds including gulls can exploit for 
dynamic soaring (see Alexander 2004). It is unclear how these adjustments between soaring and 
flapping flight may influence collision risk, though changes in manouverability and flight speed may 
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be important. At present, there are significant gaps in our understanding of how flight behaviour 
may differ between onshore and offshore environments, though recent technological advances may 
start to fill these gaps. However, at present, the data describing within-windfarm avoidance rates 
collected from onshore sites remains our best available evidence. 
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7   TOTAL AVOIDANCE RATES FOR PRIORITY SPECIES 

 

In this section, we consider total avoidance rates for each of the five priority species – northern 
gannet, black-legged kittiwake, lesser black-backed gull, herring gull and great black-backed gull. 
 
7.1  Macro-response rates (section 5.1) 

 
For gulls, the present evidence base is equivocal, with some studies suggesting evidence for 
attraction, others evidence for displacement, and others no significant response. Thus, for these 
species, the balance of evidence suggests a macro-response of 0 (i.e. no attraction to or avoidance of 
the windfarm) (Table 7.1).  
 
Northern gannets typically show a strong macro-response to offshore windfarms. However, 
differences in survey methodologies make it difficult to arrive at realistic macro-response values by 
combining data from multiple sources. Based on currently available evidence, we believe that 0.64 
to be a reasonable value for the macro-response rate (Table 7.1). However, it should be noted that 
this figure is based on data that are most-representative of the non-breeding season.  
 
7.2  Micro-response or meso-response rates (sections 5.2 and 5.3) 

 
The review of existing evidence for avoidance rates in relation to offshore windfarms for the key 
species considered in this study indicated that insufficient data were available to generate separate 
micro-avoidance or meso-response rates for any of the species of interest.  
 
7.3  Within-windfarm avoidance rates (section 5.4) 

 
Within-windfarm avoidance rates, representing a combination of meso-responses and micro-
avoidance may be derived by comparing observed collisions to those expected in the absence of 
avoidance (see equation 6 under section 1). Options 1 and 2 of the Band model are mathematically 
identical (both termed the basic Band model), with the proportion of birds at collision risk height 
estimated from modelled flight height distributions for option 2 and based on site-specific 
observational data using option 1. Therefore, it is necessary to use the same avoidance rates for 
both model options. As the rates derived using option 1 utilise site-specific data, rather than data 
derived from a generic curve (produced following the methodology of Johnston et al. 2013), we feel 
that these values are the most appropriate to recommend for use with the basic Band model. With 
respect to the extended Band model, the rate derived should be acknowledged as, potentially, being 
precautionary as, at several key sites, it is based on an underestimate of the proportion of birds 
flying at collision risk height (see Appendix 7). As a consequence, when calculating the avoidance 
rate by comparing the predicted and observed number of collisions, the resulting value is lower than 
would otherwise be expected. Therefore, where there is a significant difference between the 
observed proportion of birds at collision risk height and the proportion predicted to be at collision 
risk height from modelled distributions, the avoidance rates derived for use with the extended 
model are not considered appropriate as they will be based on an inaccurate assessment of the 
number of birds at risk of collision.   
 
An alternative methodology with which to derive a within-windfarm avoidance rate for use with the 
extended Band model is described by in Annex 1 to this report. Following this methodology, the ratio 
between the number of collisions expected in the absence of avoidance derived using options 2 and 
3 of the Band model is used to modify the avoidance rate derived using option 1 of the Band model. 
However, this requires knowledge of the flight height distribution (e.g. to 1m resolution) at the 
windfarm concerned – as opposed to the proportions of birds assigned to different flight height 
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categories – in order to separate geometric avoidance (i.e. birds passing the rotor at lower altitudes 
where the probability of collision is lower) from behavioural avoidance. Whilst it is possible to use 
this methodology without knowledge of the flight height distribution at the windfarm in question, 
the result would be that the predicted collision rate using option 3 would be identical to that 
obtained using option 2. However, this methodology is likely to be of value in the future as data 
collection techniques improve and detailed flight height distributions are derived on a site-specific 
basis.  
 
We were able to derive within-windfarm avoidance rates for herring gull and lesser black-backed gull 
(Table 7.1). Based on a sample of 526,048 predicted flights through windfarms, we derived an 
avoidance rate of 0.9959 (± 0.0006 SD) for herring gull based on the basic Band model and 0.9908 (± 
0.0012 SD) using the extended Band model. For lesser black-backed gull, the derived avoidance rates 
were 0.9982 (± 0.0005 SD) and 0.9957 (± 0.0011 SD) respectively, based on a sample of 101,746 
predicted flights through windfarms. However, the larger sample size and the fact that data 
originate from a greater number of sites (see Appendix 7) means that the avoidance rates derived 
for herring gull are more robust than those derived for lesser black-backed gull. We also derived 
within-windfarm avoidance rates for large gulls as a group. This group includes all birds positively 
identified as herring gull (this species accounting for 526,048 of the total of 639,560 flights through 
windfarms), lesser black-backed gull or great black-backed gull, but also those with uncertain species 
identification (10,638 predicted flights through windfarms), for example those identified as 
herring/lesser-black backed gull. For the large gulls group, we derived avoidance rates of 0.9956 (± 
0.0004 SD) using the basic Band model and 0.9898 (± 0.0009 SD) using the extended Band model. A 
comparison of the observed and predicted proportions of birds at collision risk height (Appendix 7) 
shows that whilst there are some notable differences in these values, across most sites they are 
broadly consistent. For this reason, we feel that the avoidance rates derived using both the basic and 
extended Band models are appropriate to use.  
 
We also derived within windfarm avoidance rates for small gulls (1,589,953 predicted flights through 
windfarms) based largely on data collected from common gull (746,668 predicted flights through 
windfarms) and black-headed gull (841,008 predicted flights through windfarms). For species within 
the small gulls group, we derived within-windfarm avoidance rates of 0.9921 (± 0.0015 SD) for use 
with the basic Band model and 0.9027 (± 0.0068 SD) for use with the extended Band model (Table 
7.1). However, given significant differences between the proportion of birds observed and predicted 
to be at collision risk height at a number of key sites, we do not feel that it is appropriate to use the 
avoidance rate derived for use with the extended Band model for the small gulls grouping. These 
differences are likely to arise from the fact that the data considered here originate from the 
terrestrial environment, often close to breeding colonies, whilst the modelled data were collected 
from the offshore environment.  
 
Finally, we calculated a within-windfarm avoidance rate for all gulls as a group (2,567,124 predicted 
flights through windfarms). As with the large gull and small gull groups, this incorporated data for 
individuals with uncertain identification (350,338 predicted flights through windfarms), for example 
‘gull spp’. For all gulls, we derived an avoidance rate of 0.9893 (± 0.0007 SD) for use with the basic 
Band model and 0.9672 (± 0.0040 SD) for use with the extended Band model (Table 7.1). However, 
as with the small gulls group this includes data for which there were significant differences – due 
partly to the inclusion of unidentified gulls – between the observed and predicted proportions of 
birds at collision risk height. For this reason we do not feel that it is appropriate to use the avoidance 
rate derived for use with the extended Band model for the all gulls groupings.  
 
Insufficient data were available to identify a reliable within-windfarm avoidance rate for northern 
gannet (Table 7.1).  
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It is important to note that where we report the standard deviation around the derived within 
windfarm avoidance rates, this relates variability between sites and not to uncertainty in the model 
input parameters. Estimating the contribution of the model input parameters to the uncertainty 
associated with the derived avoidance rates requires a more detailed understanding of the real 
range of values associated with each parameter than is available currently.  
 
7.4  Total avoidance rates 

 
Total avoidance rates are also provided in Table 7.1. Ideally, total avoidance rates should be 
calculated using equation 8 (section 3.1). For gulls, the balance of evidence suggests a macro-
response of 0 (i.e. no consistent attraction to or avoidance of the windfarm). Consequently, the total 
avoidance rates for these species are equal to the within-windfarm avoidance rates.  
 
As data describing macro-responses to the windfarm are limited, we are unable to estimate the 
variability around the macro-response rate. For this reason, whilst we are able to provide an 
estimate of variability around the within windfarm avoidance rates, we are unable to provide an 
estimate of variability of uncertainty around the total windfarm rates.  
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Table 7.1  Reviewed avoidance rates for priority species and current knowledge gaps based on the review of available data. Empty cells indicate a lack 
of robust and/or consistent data on which to base conclusions. Colour coding indicates confidence in presented values (based on sample 
size, representativity of data): green = highest, orange = intermediate, red = lowest (i.e. not suitable for use in CRM). Confidence in total 
avoidance rates reflects the lower of the confidence ratings given for macro-responses and within-windfarm avoidance rates. 

 

Species/species groupings and 

sample size for within-

windfarm avoidance rate given 

in parentheses* 

Macro-

response
1
 

Meso-

response
2
 

Micro-

avoidance
3
 

Within-

windfarm 

avoidance 

basic Band 

model
4
 

Within-

windfarm 

avoidance 

extended 

Band 

model
4
 

Total 

avoidance 

basic Band 

model 

(1-total 

avoidance) 

Total 

avoidance 

extended 

Band model 

(1-total 

avoidance) 

Caveats 

Black-legged kittiwake (0) 

None       

Whilst data were available for 
macro-response, no clear patterns 
were evident across studies. No 
data available for  within-
windfarm avoidance.  

Lesser black-backed gull 

(101,746) 

None   
0.9982  

(± 0.0005) 
0.9957 

(± 0.0011) 
0.9982 

(0.0018) 
0.9957 

(0.0043) 

Whilst data were available for 
macro-response, no clear patterns 
were evident across studies. 
Within-windfarm rate based on 
data from only two sites. 

Herring gull (526,048) 

None   
0.9959 

(± 0.0006) 
0.9908 

(± 0.0012) 
0.9959 

(0.0041) 
0.9908 

(0.0092) 

Whilst data were available for 
macro-response, no clear patterns 
were evident across studies. 
Within-windfarm rate based on a 
large sample size from seven 
different sites.  

Great black-backed gull (1,128) 

None       

Whilst data were available for 
macro-response, no clear patterns 
were evident across studies. No 
within-windfarm avoidance rates 
estimated due to extremely small 
sample size. 
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Small gull spp (1,589,953) 

Comprising: black-headed gull 
(746,668), common gull 
(841,008), common/black-
headed gull (2,090), little gull 
(188) None   

0.9921 
(± 0.0015) 

0.9027 
(± 0.0068) 

0.9921 
(0.0079) 

0.9027 
(0.0973) 

Whilst data were available for 
macro-response, no clear patterns 
were evident across studies. 
Within-windfarm avoidance rates 
based on large sample size from 
eight different sites. However, 
differences between observed and 
predicted proportions of birds at 
collision risk height mean it is not 
appropriate to use value derived 
for extended model.  

Large gull spp (639,560) 

Comprising: lesser black-backed 
gull 101,746, herring gull 
526,048, herring/Caspian gull 
1,417, herring/lesser black-
backed gull 8,345, 
herring/yellow-legged gull 876, 
great black-backed gull 1,128 

None   
0.9956  

(± 0.0004) 
0.9898 

(± 0.0009) 
0.9956 

(0.0044) 
0.9898 

(0.0102) 

Whilst data were available for 
macro-response, no clear patterns 
were evident across studies. 
Within-windfarm avoidance rates 
based on large sample size from 
seven different sites.  

Gull spp (2,567,124) 

Comprising: black-headed gull 
746,668, common gull 841,008, 
common/black-headed gull 
2,090, little gull 188, lesser 
black-backed gull 101,746, 
herring gull 526,048, 
herring/Caspian gull 1,417, 
herring/lesser black-backed gull 
8,345, herring/yellow-legged 
gull 876, great black-backed gull 
1,128, gull spp. 337,610 

None   
0.9893 

(± 0.0008) 
0.9672 

(± 0.0018) 
0.9893 

(0.0107) 
0.9672 

(0.0328) 

Whilst data were available for 
macro-response, no clear patterns 
were evident across studies. 
Within-windfarm avoidance rates 
based on large sample size from 
nine different sites. However, 
differences between observed and 
predicted proportions of birds at 
collision risk height mean it is not 
appropriate to use value derived 
for extended model. 
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1 See section 5.4; 2 See section 5.1; 3 See section 5.2; 4 see section 5.3.   
 

Northern gannet (0) 

0.64       

Macro-response rates for 
northern gannet indicated strong 
avoidance of windfarms. As data 
were available from a limited 
number of sites, the lowest 
reported value was felt to be most 
appropriate as a precautionary 
figure. Note the majority of data 
comes from the non-breeding 
season and it is unclear how 
applicable these findings may be 
to the breeding season.  No data 
available for  within-windfarm 
avoidance.  
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7.5 Recommended avoidance rates 

 

Please note that these recommendations apply to the five priority species only – northern 
gannet, black-legged kittiwake, lesser black-backed gull, herring gull and great black-backed gull 
– they are not intended to be applied to seabirds more generally.  
 
Whilst we have estimated within-windfarm avoidance rates to four decimal places, current 
guidance from SNH is that expressing avoidance rates to more than three decimal places is 
unwarranted (SNH 2013). Given the inherent uncertainty in the data we feel that this is a 
sensible approach to apply to total avoidance rates. For this reason, we round within-windfarm 
avoidance rates down to three decimal places when deriving recommended total avoidance 
rates.   

 

• A macro-response rate of 0.64 is recommended for northern gannet (section 5.4). However, no 
data were available to derive a within-windfarm avoidance rate for this species (section 5.3). 
Given that there is consistent evidence for high macro-avoidance, and considering the at-sea 
ecology of northern gannet and gulls (section 6.3.5), we feel that there is no reason to suppose 
that the total avoidance rates for northern gannet should be less than those for all gulls (as 
opposed to large gulls). A total avoidance rate of 0.989 is thus recommended for use with the 
basic Band (2012) collision risk model. This would reflect a within windfarm avoidance rate of 
0.9703. We acknowledge that this is precautionary, but in the absence of more species-specific 
data, we feel it is appropriate. However, given the evidence available at present, we are unable 
to recommend an avoidance rate for use with the extended Band (2012) collision risk model.  

 

• No consistent evidence of macro-avoidance was found for black-legged kittiwake (section 5.4). 
It was not possible to derive species-specific within-windfarm avoidance rates for black-legged 

kittiwake (section 5.3). However, as black-legged kittiwake have similar wing morphologies 
(wingspan, wing:body aspect ratio, wing area: Robinson 2005, Alerstam et al. 2007), flight 
speeds (Alerstam et al. 2007) and flight altitudes  (Cook et al. 2012, Johnston et al. 2014b) to 
black-headed and common gulls, which contribute the majority of records for the small gulls 
group, the within-windfarm avoidance rates derived for the small gulls group were considered 
appropriate for this species. A total avoidance rate of 0.992 is thus recommended for the basic 
Band model. However, given the evidence available at present, we are unable to recommend an 
avoidance rate for use with the extended Band (2012) collision risk model (section 5.3).  
 

• No consistent evidence of macro-avoidance was found for lesser black-backed gull (section 
5.4). Whilst it was possible to derive species-specific within-windfarm avoidance rates for lesser 
black-backed gull, these were based on limited data and thus the within-windfarm avoidance 
rates for large gulls were considered more appropriate for use for this species (section 5.3).  A 
total avoidance rate of 0.995 is thus recommended for use with the basic Band model and a 
total avoidance rate of 0.989 for use with the extended Band model. 
 

• No consistent evidence of macro-avoidance was found for herring gull (section 5.4) and thus 
total avoidance rates reflect species-specific within-windfarm avoidance rates. A species-
specific total avoidance rate of 0.995 is thus recommended for use with the basic Band model 
and a total avoidance rate of 0.990 for use with the extended Band model (section 5.3).  

 

• No consistent evidence of macro-avoidance for great black-backed gull (section 5.4).  It was not 
possible to derive species-specific within-windfarm avoidance rates for great black-backed gull. 

Given the taxonomic similarity between species within the large gulls group, the avoidance 
rates derived for use with this group were considered to be appropriate for great black-backed 
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gull (section 5.3). A total avoidance rate of 0.995 is thus recommended for the basic Band 
model and a total avoidance rate of 0.989 for use with the extended Band model. 
 

At present, the evidence available does not enable us to recommend a robust avoidance rate for 
northern gannet or black-legged kittiwake for use with Band model option 3. This does not imply 
that option 3 is not suitable for these species, and given the programmes of work currently 
underway in the offshore environment, it is envisaged that an appropriate rate will be derived in the 
near future. Note, while it is not possible to recommend a robust avoidance rate for use for these 
species at this time, this does not preclude presenting a no-avoidance collision estimate using option 
3 alongside collision estimates derived using option 1 and/or option 2 (with or without using the 
avoidance rates recommended here) to inform on likely collision risk. 

 
Table 7.2 Recommended total avoidance rates for use in the basic and extended Band 

models with each of the five priority species. 

 

Species (rate used) Basic Band model avoidance 

rate 

Extended Band model 

avoidance rate 

Northern gannet (all gull 
avoidance rate) 

0.989 Not available 

Black-legged kittiwake (small 
gull avoidance rate) 

0.992 Not available 

Lesser black-backed gull (large 
gull avoidance rate) 

0.995 0.989 

Herring gull (species-specific 
avoidance rate) 

0.995 0.990 

Great black-backed gull (large 
gull avoidance rate) 

0.995 0.989 
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8 TRANSFERABILITY OF AVOIDANCE RATES BETWEEN MODELS 

 
There are various collision risk models currently available within the scientific literature to estimate 
likely collision and mortality of birds due to windfarms (Band 2012; Desholm 2006; Eichorn et al. 
2012; McAdam 2005; Smales et al. 2013; Tucker 1996; Holstrom 2011). The models vary in 
numerous ways including whether static components such as the tower are included in calculations, 
if oblique angles of attack are considered and whether single or multiple turbines are assessed, as 
well as how avoidance behaviour is incorporated.  Although the Band model (Band 2012) is the most 
widely used collision risk model in the UK, it is not the only one available and therefore any 
developments in our understanding of avoidance behaviour should consider, where possible, these 
alternative models. 
 
Although described in the literature, avian collision risk models are often not presented in enough 
detail to reproduce. The majority of models consider avoidance behaviour as an add-on to the 
process of estimating the probability of collision, separate from the calculation of collision 
probability for a single rotor transit. From the information available, however, it would seem that 
the definitions and avoidance rates presented in our report would generally be suitable for use 
within a range of collision risk models, not only Band (2012). Here we provide examples of how the 
definitions and rates may align with some of these alternative models. 
 
Desholm (2006) developed a stochastic model analysis of avian collision which included variability in 
the input parameters and outputs of the model. Although it was a very specific example from an 
offshore windfarm in the Baltic Sea, the method could be used elsewhere. The definitions used in 
our project seem suitable for the model. The method considered the different stages at which birds 
may avoid a windfarm and uses values for the proportion of birds entering the windfarm (1 - macro-
avoidance), the proportion within the horizontal/vertical reach of rotor blades (1 - meso-avoidance) 
and also the proportion trying to cross the area swept by the rotor blades without showing 
avoidance (1 - micro-avoidance). 
 
Eichorn et al. (2012) developed an agent-based, spatially-explicit model of red kite foraging 
behaviour to assess collision risk related to wind turbines. The model is largely stochastic and 
combines a spatial model with a collision risk model. Although the study was specific to red kite, the 
methods could be used more widely. The model uses the method from Band (2007) for calculating 
probability of collision from a single rotor transit therefore it is likely that any definitions for 
avoidance behaviour provided by our study will be suitable. The model specifically includes the 
probability of a bird recognising the threat and actively avoiding, and this avoidance rate is taken 
from the literature. The value ranges from 0.98 – 0.995 and is therefore likely to be a value for 
overall avoidance, however the definitions within this study for meso- and micro-avoidance would 
seem to fit more appropriately because it is a single bird avoiding a single turbine within a 100 m x 
100 m grid cell. 
 
Smales et al. (2013) describe a collision risk model developed by Biosis Propriety Limited which has 
been widely used to assess wind energy developments in Australia since 2002. The model uses a 
deterministic approach and provides a predicted number of collisions between turbines and a local 
or migrating population of birds. The model uses flight activity data from the windfarm site and 
applies avoidance rate to the typical number of turbines encountered per flight. Therefore the 
definitions and rates for within windfarm behaviour should be suitable in this context. 
 
A note of caution when considering avoidance rates and their application within different collision 
risk models is that although not the intended purpose, avoidance rate may have become a sink for 
multiple sources of error and uncertainty within a model. Collision risk models rarely state the 
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associated error along with collision estimates. In the process of apportioning overall avoidance into 
the different components of macro-, meso-, and micro-avoidance, this previous inclusion of model 
error may need to be considered, and may be model-specific. 
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9 CONCLUSIONS  

 

We have derived within-windfarm avoidance rates for a variety of species for specific sites. In some 
cases, these differ from those presented elsewhere using, apparently, the same data (see Natural 
England/JNCC note). For this reason, we include an appendix (Appendix 7) detailing how each of our 
values has been derived. Note that the values in Appendix 7 are supplied for illustrative purposes 
only and that we would recommend the use of the total avoidance rates presented in Table 7.2. 
Given the variability in the values that have been presented for some datasets, we believe that this 
level of transparency is crucial to enable readers to come to an informed opinion as to what 
represents a robust avoidance rate. The derivation of the flux rate through the windfarm is 
particularly important, as it can have quite a strong influence on the predicted number of collisions, 
and therefore, the final avoidance rate.  
 
Very little data were available describing separate meso-responses or micro-avoidance. There were 
limitations in the data from each of the studies we identified. However, observations of flight 
behaviour around individual turbines indicate that birds very rarely pass close to the rotor blades, 
suggesting that a significant proportion of avoidance behaviour is likely to occur at a meso-scale. We 
identified evidence from several sites to suggest that avoidance behaviour may be influenced by 
both the layout of the windfarm (e.g. the inter-turbine spacing) and the operational status of 
turbines. There is some limited evidence to suggest that overall avoidance rates may be lower during 
the breeding season than the non-breeding season, although significantly more data are required to 
confirm this hypothesis (see section 5.3.3.1).  
 
The availability of suitable data has been a key problem throughout this review. In part, this relates 
to the difficulty in collecting collision data at sea, leading to gaps in data for key species such as 
northern gannet and black-legged kittiwake. It is to be hoped that the ongoing ORJIP work will help 
to address this issue. However, it also relates to the way in which data have been collected as part of 
post-construction monitoring at offshore windfarms. We identified extremely limited evidence for 
macro-response rates for our priority species. In many instances, this may be because when impacts 
which may contribute to macro-avoidance, such as displacement or barrier effects, are considered, 
the focal species are usually auks, divers and sea-ducks. As a consequence, the impacts on other 
species, such as northern gannet are less well understood.  
 
Our review highlights that there are still significant data gaps in relation to avoidance rates for 
marine birds and offshore windfarms, particularly in relation to micro- and meso-responses, as 
opposed to the correction factors often used as avoidance rates at present. Despite this, we feel that 
our review represents a significant step forward. We are able to recommend for the first time 
within-windfarm avoidance rates for gulls using both the basic Band (2012) model (options 1 and 2) 
and extended Band (2012) model (option 3) based on significantly more data than has been used to 
make recommendations for geese and raptors in the past (e.g. Pendlebury 2006, Whitfield 2009).  
Significant data gaps still remain for within-windfarm avoidance behaviour in the northern gannet.  
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APPENDIX 1  Evidence review macro-response – barrier effect studies 

 

A1.1 Egmond aan Zee 

 

Location / habitat  

 
Marine, 10-18km offshore 
 

Turbine / array specification 

 
Turbine array consists of 36 Vestas V90 3 MW turbines covering an area of 27 km2. Distances 
between turbines are 650 m within rows and 1000 m between rows. Turbine specifications given as 
hub height 70 m; rotor diameter 90 m; rotor altitude min 25 m (above mean sea level) and max rotor 
altitude 115 m (above mean sea level).   
 
Case study number 1 

 

Krijgsveld, K.L., Fijn, R.C., Japink, M., van Horssen, P.W., Heunks, C., Collier, M., Poot, M.J.M., Beuker, 
D. and Dirksen, S. 2011. Effect studies offshore windfarm Egmond aan Zee: Final report on fluxes, 

flight altitudes and behaviour of flying birds. Bureau Waardenburg Report No. 10 - 219. 
 
Lindeboom, H.J., Kouwenhoven, H.J., Bergman, M.J.N., Bouma, S., Brasseur, S., Daan, R., Fijn, R.C., de 
Haan, D., Dirksen, S., van Hal, R., Hille Ris Lambers, R., ter Hofstede, R., Krijgsveld, K.L., Leopold, M. & 
Scheidat, M. 2011. Short-term ecological effects of an offshore windfarm in the Dutch coastal zone; 
a compilation. Environmental Research Letters 6, doi:10.1088/1748-9326/6/3/035101. 
 
Methods 

 

Krijgsveld et al. (2011) focussed on the disturbance of flight paths otherwise referred to as barrier 
effects. Whereas as what was termed as the disturbance of locally resting and/or feeding birds were 
covered by another project (Leopold et al. 2011) as birds recorded on the water. Lindeboom et al. 
(2011) reported the impacts of the windfarm on a range of taxonomic groups but with respect to 
birds focussed on barrier effects, displacement effects and attraction. As the results presented in 
Lindeboom et al. (2011) were based on the preliminary results of Krijgsveld et al. (2011), cited as 
Krijgsveld et al. (2010), this paper is not considered further here. 
 
Data collection was carried out during the post-construction period only. 
 
Radar: Horizontal radar was used to record flight paths, with the radar located on a meteorological 
mast 500 m from the nearest turbine at the south western side of the windfarm). The radar was set 
to scan up to distances of 5.6 km from the meteorological mast (although it was calculated that gulls 
could be detected up to shorter distances of 4.5 km). There was no coverage from the angles of 155° 
to 220° relative to the mast however).  
 
The radar signal was processed and recorded by Merlin (DeTect Inc).  Flight paths of birds or groups 
of birds were visualised in QuantumGIS and grid cells (750 m x 750 m) were set up in order to 
analyse both the numbers of tracks and flight directions. In order to mitigate for reduced detection 
of tracks, due to the presence of turbines and decreasing detection rates with increasing distance 
from the radar, correction factors were applied to the numbers of tracks recorded inside the 
windfarm.    
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Visual and auditory observations: Panorama scans from the meteorological mast consisting of 
hourly 360° scans to record all birds flying within sight of the observation platform. This information 
was then used to calibrate the radar counts and provided information on species composition, 
density, flight altitude and flight direction. Additional information was collected at night and 
included moon watches, call registration by ear, and call registration by an automated bird call 
recording system. In addition, the opportunistic recording of flight paths of individual birds or bird 
groups (picked up either visually using a binoculars or a telescope) or on the radar) was carried out. 
 
Study period 

 

Radar:   Continuous recording through the period of April/May 2007 to 31 May 2010. Flight path 
data was obtained for 817 days (out of a possible 918 due to factors such as high winds). 
 
Visual observations:  A total of 405 -panoramic scans were carried out over 53 days (dawn to dusk) 
spread throughout the period of Feb 2006 to Dec 2009 and six nights (dusk to dawn) during spring 
and autumn migration (October 2008 to April 2009). Opportunistic observations of flight paths were 
carried between and during panoramic scans (n = 666 flight paths of 85 species were recorded with 
great cormorant (n = 82) and northern gannet (81) being the most commonly observed).  
 
Species  
 
Local seabirds (gull spp, northern gannet, scoter spp, and auks spp); migrating seabirds (diver spp 
and scoter spp) and migrating non-marine birds (thrushes and geese spp).  
 
Conditions data collected under  
 
Radar: all conditions. 
 
Visual observations: recording carried out in generally dry, relatively calm conditions (all but day 
had one Beaufort scale of less than 5) and with a range of visibility conditions (0 - 50 km). 
 

Results 

 
Macro-responses (which were regarded by this study as being due to barrier effects), referred to in 
the report as macro-avoidance rates, were quantified by two methods2: 
 
i.  Panoramic scans were used to derive the proportion of birds within, at the edge and outside 

the windfarm. Using the combined values of the first two groupings, it was possible calculate 
the % of birds that passed through the windfarm3. The resulting values were corrected for 
relative surface area for within and outside the windfarm and then used to derive macro-
avoidance rates4 for northern gannet = 0.64 (n = 282 birds5), sea ducks/scoters spp = 0.71  (n 

                                                           
2 Table 15.1- Krijgsveld et al. 2011. 
3 Table 9.3 - Krijgsveld et al. 2011. 
4  Macro-avoidance = 100-((x/50)*100). Where x = % of birds that passed through the windfarm and 50 is the 
correction factor for surface area. Karen Krijgsveld pers. comm. Values of x for northern gannet and common 
scoter were 18 and 14 respectively (sum of the relative abundance inside and at the edge of the windfarm – 
see Table 9.3). 
5 Taken from Figure 9.25. 
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= 123 birds), diver spp = 0.686  and alcid spp = 0.683.Sample sizes were too small for other 
species/species groups for values to be derived and, hence, values have to be derived by 
other means; 

 
ii.  Flight path data collected by radar showed that the number of all birds that flew within the 

windfarm was on average 72% of the numbers outside the windfarm. This was proposed to 
equate to an average macro-avoidance rate of 0.28 of birds in relation to the windfarm, and 
when broken down according to time of year, the values ranged from an average of 0.18 (in 
winter) and 0.34 (in autumn)7. For gull spp and great cormorant, the average avoidance rate 
in winter of 0.18 was used, as the species composition was heavily dominated by those birds 
at that time of year (as shown by the visual observations).  The overall average avoidance 
value of 0.28 was assumed for grebe spp, tubenoses spp, skua spp, and tern spp (in the 
absence of other available data or rationale). It was also shown using radar that the 
percentage of birds flying in the windfarm was significantly higher during the day compared 
to night (when data from spring was excluded) and these differences were greatest during 
summer and winter. Hence avoidance was argued to be higher at night.   

 
Results of the opportunistic recording of flight paths indicated deflection rates of 89%  for  northern 
gannet and 40% for gulls spp based on sample sizes of 38 and 78 birds respectively8. These values 
were not considered by the authors to provide evidence for macro avoidance (Karen Krijgsveld pers. 

comm.) however.  
 
There was inherent variation in flight direction as recorded by radar with higher variability recorded 
winter and summer (probably due to the inclusion of locally foraging birds) and during the day. 
Nevertheless, adjustment of flight paths occurred at 750 - 1,500 m from the windfarm when there 
was a pronounced change in flight direction. This was largely based on plots of the mean ± standard 
errors of flight direction in relation to distance according to season and time of day9. The reported 
changes at 750-1500 m appear to occur before and after midnight in the spring and at dusk during 
autumn. There were also changes in flight direction at distances further away from the windfarm but 
these are not highlighted – notably in spring, for most times of day, at distances between 4,500 and 
5,250 m.   
 
Numbers of birds were also shown to be highest at 750 - 1500 m, which was taken as evidence of 
flying birds building up as they were deflected away from the windfarm (also confirmed by visual 
observations of birds). Moreover, the number of tracks for all seasons in the grid cells circa 750 m 
from the windfarm was also shown to be significantly higher than the number of tracks for the grids 
cells containing the adjacent single row of turbines10.    
 
Assessment of methodology 

 

The values of macro-avoidance derived from the panoramic scans were species specific and were 
collected in a systematic manner.  As for all visual observations, data collection was mostly restricted 
to days of reasonable visibility and calm conditions.  
 

                                                           
6 Based on the average of northern gannet (0.64) and scoter spp (0.71) which was justified on the grounds of 
their avoidance behaviour being similar (based on their flight paths). 
7 Figure 9.15 - Krijgsveld et al. 2011. 
8 Table 9.6 - Krijgsveld et al. 2011 
9 Figure 9.28- Krijgsveld et al. 2011. 
10 Generalised Linear Model (t 2228 =3.4, p < 0.001) - Krijgsveld et al. 2011. 
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Macro-avoidance rates (barrier effects) derived using radar were based on mean values across all 
species and should be interpreted very carefully since there is likely to be variability in response 
rates between species. Hence this should be borne in mind when citing values derived for gull spp, 
grebe spp, tubenoses spp, skua spp, and tern spp. It is also unclear whether the actual numbers 
reported will consist of solely individual birds or whether flocks of birds may have been inadvertently 
included. Hence as for most radar studies, the avoidance rates cannot be necessarily assumed to 
correspond to those of individual birds. It is also worth bearing in mind, that the way these data 
have been collected (comparison of number of flight paths inside and outside the windfarm) could 
also be potentially considered to be evidence of displacement. 
 
It is also problematic to overlay the arbitrarily selected boundary of 500 m buffer surrounding the 
outermost turbines used to delineate inside (micro and meso) and outside (macro) the windfarm 
avoidance (section 3.5) with the grid cell system of 750 km2 used to analyse the number of tracks.  
 
The grid cell system also does not correspond exactly to the boundaries of the windfarm and hence 
some cells will overlay areas inside and outside the windfarm which could be an issue for the values 
cited for % of tracks inside and outside the tracks. 
 

A1.2 Horns Rev 

 

Location / habitat  

 

Horns Rev 1: Marine, 14 km offshore. 
Horns Rev 2: Marine, 30 km offshore. 
 
Turbine /array specification 

 
Horns Rev 1: Turbine array consists of 80 2.0 MW Vesta turbines. Distance between turbines – north 
to south (560 m) and east to west (560 m). Turbine specifications given as: hub height 70 m; rotor 
blade length 40 m (diameter 80 m); and total height 110 m. Height of the lowest tip of rotor blade. 
 
Horns Rev 2: Turbine array consists of 91 turbines. Distance between turbines – north to south (560 
m) and east to west (560 m). Turbine specifications given as: hub height 68 m; rotor diameter 93 m; 
and total height 114.5 m. Height of the lowest tip of rotor blade 21.5 m. 
 
Case study number 1 

 

Petersen, I.K., Christensen, T.K., Kahlert, J., Desholm, M. & Fox, A.D. 2006. Final results of bird studies 

at the offshore windfarms at Nysted and Horns Rev, Denmark. Report commissioned by DONG 
Energy and Vattenfall A/S. National Environmental Research Institute.  
 
Methods 

 

This report focussed on barrier effects, displacement effects, physical changes to the habitat and 
collision risk. Work was carried out at the Horns Rev 1 and Nysted offshore windfarms but there 
were differences in methodology and timing of data collection in relation to the development phase 
– data collection was carried out during the post-construction period only at Horns Rev 1. 
 
Radar observations: Recordings by radar occurred in a circular area of radius ca. 11 km (no coverage 
in the north east quadrant with the exception of late November 2005). The radar was located on a 
transformer station located less than 0.6 km from the windfarm. Migration mapped by tracing 
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course of flocks onto a transparency and subsequently digitised. As fewer tracks were recorded both 
within and beyond the windfarm, due to presence of the turbines and the increasing distance from 
the radar,  densities of tracks were not used to quantitatively to look at barrier effects.   
 
All tracks (n = 468 north of the windfarm and n = 342 east of the windfarm) which were deemed to 
have a theoretical chance of entering the windfarm were selected using the criteria that they were 
orientated towards the windfarm at distances between 1.5 and 2 km from the windfarm and had 
lengths of tracks greater than 2 km.   
 
In order to look at the lateral (horizontal) change in migration route in response (where avoidance 
occurs) to the windfarm, two sets of transects lines were set up.  The first were located east of the 
windfarm running parallel to the direction of the rows of turbines (from north to south) and were set 
up at intervals of 50, 100, 150, 200, 250, 300, 400, 500, 1000, 2000, 2500, 3000, 3500 and 4000 m 
(max. range set by limits of the radar). The second were set up north of the windfarm at 50, 100, 
200, 300, 400, 500, 1000, 1500, 2000, 2,500, 3000 m and then at intervals of 1000 m until 7000 m. 
The orientation of all bird tracks that intersected two adjacent transects were calculated for all of 
the transects running east and north of the windfarm.  
 
Visual observations: four transects from the transformer station set up, one of which passed 
diagonally through the windfarm. 
 
Study period 

 

Radar observations: A total of 17 survey periods (shortest = 5 h 30 min, longest = 39 h 30 min) were 
carried out covering the periods of August to November 2003; March to May 2004; August to 
September 2004; March to May 2005;  and August to November 2005. Total of 243 h 45 min of 
observations.   
 
Visual observations: 19 surveys (shortest = 7 h 0 min, longest = 29 h 30 min) were carried out 
covering the periods of April to May 2003; August- November 2003; March to May2004; August to 
September 2004; March to May 2005;  and August to November 2005. Total of 403 h 18 min of 
observations. 
 
Species  
 
Staging and migrating birds. Based on visual observations of birds during transect counts, likely to 
consist primarily of diving ducks (by an order of magnitude higher than any other group and 
consisting almost exclusively of common scoter), gulls (herring gull, little gull, greater back-backed 
gull and black-legged kittiwake and terns (Sandwich tern and common/Arctic tern)11. 
 
Conditions data collected under  
 
During day and night, weather conditions not presented 
 
Results 

 

The annual percentage of bird tracks (based on the years 2003, 2004 and 2005 ) entering the 
windfarms from either the northern or the eastern side of the windfarm ranged from 13.6 % (2005, 

                                                           
11   Table 48 - Peterson et al. 2006. 
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north of windfarm) and 29.3% (2004, east of the windfarm12). The number of tracks that these 
percentages are based upon are relatively small however (ranging from 12 to 39 tracks).  These 
values appear to provide the origins of cited macro-avoidance rates of 0.71 and 0.86. Spring and 
autumn periods were not differentiated between as it was argued that bird behaviour would be 
similar regardless of the time of season. 
 
The mean orientation of tracks of migrating birds, as calculated for all intervals between transects, 
was used as the response variable to look at the lateral deflection of south bound tracks for birds 
north (n = 2108) and east of the windfarm (n = 1168).  For birds north of the windfarm during 
southbound bird migration, analyses13 showed that distance to windfarm, wind direction 
(crosswinds), time of day and the interaction between distance and time of day were significant.  
Plots of the mean flight orientation with distance to windfarm in relation to time of day wind 
direction  showed that deflections were most pronounced at distances of less than 400 m from the  
windfarm and that changes at larger distances (<2 km) were more obvious during the daytime 
compared to the night time period14. For birds east of the windfarm analyses15 found  that distance 
had a significant effect on the orientation of the birds (wind direction, time of day and the 
interaction between distance to windfarm and wind direction were also significant.  Plots of the 
mean flight orientation with distance to windfarm in relation to time of day wind direction showed 
that deflections were most pronounced at distances of less than 500 m from the windfarm. Changes 
in orientation occurred up to 4 km from the windfarm during south bound migrations notably during 
the day in westerly winds16.  
 
Assessment of methodology 

 

The derived macro-avoidance rates (based on barrier effects) are a mean value for all birds which 
occurred during the study and according to visual observations consisted mainly of common scoter. 
Therefore, these reported avoidance rates may have limited applicability to the less commonly 
recorded gulls spp and tern spp. In addition these avoidance rates are based on relatively small 
sample of tracks . Moreover, tracks do not differentiate between individuals or flocks, therefore the 
reported macro- avoidance rates do not respond to the level of individual birds. 
 

Case study number 2 

 

Blew, J., Hoffman, M., Nehls, G. & Hennig, V. 2008. Investigations of the bird collision risk and the 

responses of harbour porpoises in the offshore windfarms Horns Rev, North Sea, and Nysted, Baltic 

Sea, in Denmark. Part 1: Birds. Report from the University of Hamburg and BioConsult SH, 145pp. 
 
Methods 

 
The report focussed on the collision risk to migrating birds at Horns Rev 1 and Nysted offshore 
windfarms and the same methodology was used at both sites.  
 

                                                           
12 Table 55 -  Peterson et al. 2006. 
13 ANOVA analyses: distance F14=18.93, p < 0.0001; wind direction F1=57.49,  p < 0.0001; time of day F1=95.33,  
p < 0.0001; and distance*time of day F14 = 3.27 , p < 0.0001)- Peterson et al. 2006. 
14 Figure 170 - Peterson et al. 2006. 
15 ANOVA analyses: distance F14=25.38, p < 0.0001; wind direction F1=13.37,  p = 0.0003; time of day F1=132.67,  
p < 0.0001; and distance*wind direction F14 = 2.79 , p = 0.0004) - Peterson et al. 2006. 
16 Figure 172 - Peterson et al. 2006. 
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Blew et al. (2008) proposed that avoidance occurred at the three broad scales of : (1) large scale 
avoidance >2000 m; (2) medium to small scale avoidance 1000 m to 150 m and either horizontally or 
vertically as measured directly (reactions) or indirectly (comparison of numbers or flight altitudes); 
(3) last second avoidance. Thus, the second category, which was the focus of this report, overlaps 
with the definitions in section 3 of this report of both macro- and meso-avoidance. 
 
Data collection was carried out during the post-construction period only. 
 
Radar observations:  Horizontal radar (Bridgemaster E-series and Pathfinder) was deployed from 
ships with a range of anchoring sites (three, four and four at the eastern, southern and western 
edges of the windfarm respectively) at distances of 150 to 300 m to the windfarm. Screenshots were 
captured using a digital camera for the horizontal radar and the angle of tracks and their length were 
also registered.  The range of the radar was set to 1.5 nautical miles. No manual tracking of signals 
on the horizontal radar was carried out which meant that changes in flight trajectories for individual 
tracks could not be looked at.  
 
Radar tracks were categorised according to their direction in relation to the first row of the 
windfarm; flying towards (± 45° either side of perpendicular to the windfarm; flying away; and flying 
parallel (more or less).   
 
In order to look at lateral avoidance, four intervals ranging from 0-500 m, 500-1,000 m, 1,000-1,500 
m and 1,500-2,000 m in relation to the ship and the relative orientation of tracks were recorded in 
the range of ± 90° with 0° being perpendicular to the windfarm. Due to sample size issues 
(insufficient number of tracks), it was not possible to report results for Horns Rev, however. 
 
Visual observations: Visual observations were carried out along a 2 km transect which ran 
perpendicular to the outer edge of the windfarm, with the ship located halfway along it length. On 
the windfarm side of the transect, the gap between the edge of windfarm as defined by the row of 
the outer turbines (approximately 300 m from the ship) to 700 m inside the windfarm (or 1,000 m 
from the ship) was regarded as being inside the windfarm. On the corresponding non-windfarm side, 
the transect which was between 300–1,000 m from the ship was regarded as being outside the 
windfarm (in relation to the windfarm this represents a distance of between 600 and 1,300 m). 
Collectively these were termed as Class A, whereas the transect up to 300 m either side of the ship 
was Class B (excluding birds within 30 m either side of the ship which were disregarded). Visual 
observations of flying birds (optics only used for identification purposes) were carried out every half 
hour for observation periods of 15 minutes from sunrise to sunset. Distance, flight direction and 
altitude were recorded (classes were largely defined by the upper and lower limits of the rotor 
blade: 0-5 m: 5-30 m; 30-100 m; >110 m). The results of this work are not considered further here.  
 

Visual observations were carried out for 219.5 and 238.5 h in 2005 and 2006 respectively. 
 
Study period 

 

March to May to coincide with spring migration (27.5 observation days in 2005 and 2006) and 
September to November to cover autumn migration (39 observation days in 2005 and 2006). 
 
Radar appeared to have been run continuously.  
 
Species  
 
Seaducks, geese, gulls  and terns and wide range of songbird species.  
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Transect counts showed that gulls (many of which were unidentified to the species level) were the 
most common group recorded in both spring and autumn (with little gull notably more common in 
the former time of year). Common scoter were also common but more so in spring. 
  
Conditions data collected under  

 
Horizontal radar observations were limited to calm sea state conditions (wind speed < 2 ms-1) and 
generally dry weather.  
 
Visual observations were stopped when visibility <1 km but visual and acoustic observations were 
possible for all observation days 
 
Results 

 

During the day, the overall number of tracks flying parallel to the windfarm was higher (n = 1,045) 
compared to flying away from (n = 486) or towards (n = 386) the windfarm. This pattern was less 
pronounced at night with the number of birds parallel to the windfarm (n = 253) being only 
marginally higher compared to flying away from the windfarm (n = 206)  but were higher than 
towards the windfarm (n = 101). 
 
Although the visual observations were designed primarily to look at the differences in flight height 
distribution, they were able to provide supporting evidence for macro avoidance occurring. For 
northern gannet, out of 66 gannets recorded only 2 flew within the windfarm.  For both little gull 
and all gull spp (excluding little gull), significantly less birds were present inside the windfarm.  
 
Assessment of methodology 

 
Results from the observations from horizontal radar were limited as only 5% (9% for Nysted) of the 
observation time yielded screenshots which could be used and these were biased to daytime 
periods.  There was also the additional problem that detection within the windfarm was 
considerably lower compared to outside due to the presence of the wind turbines (tracks were 
observed to disappear and reappear when entering and leaving the windfarm).  
 
There were several limitations with working on a ship compared to from land or a fixed platform, 
including rough sea conditions, which would likely hamper data collection. There were also issues 
associated with the tidal cycles (particularly at Horns Rev, less so at Nysted) and strong winds which 
could result in the ship turning and this affected the radar data collected.  Another potentially 
confounding factor is that the ship could also act as an attractant to some species of seabirds (e.g. 
gull spp) or potentially act as a disturbance to others (e.g. diver spp and duck spp).  
 
In terms of demonstrating macro-avoidance, horizontal radar was unable to provide quantitative 
evidence. Avoidance appeared to be implied by the percentage of birds flying parallel being higher 
than those values reported for birds flying towards and away from the windfarm and this pattern 
was more pronounced during the day when the windfarm was more visible. The significance of birds 
tracks running parallel to as opposed to being orientated towards or away from the windfarm was 
not explained, however, and there was a lack of pre-construction information to make comparisons 
with. There was also insufficient data to look at potential changes in the orientation of tracks (but 
enough data was available for Nysted – see section 5.4.4). Similarly the visual observations did not 
provide quantitative evidence of macro-avoidance rates. 
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Case study number 3 

Skov H., Leonhard, S.B., Heinänen, S., Zydelis, R., Jensen, N.E., Durinck, J., Johansen, T.W., Jensen, 
B.P., Hansen, B.L., Piper, W. & Grøn, P.N. 2012. Horns Rev 2 Monitoring 2010-2012. Migrating Birds. 
Orbicon, DHI, Marine Observers and Biola. Report commissioned by DONG Energy. 
 
Methods 

 

This report focussed on migrating birds in relation to Horns Rev 1 and 2. 
 
Radar observations: Horizontal radar was used from observation stations located to the north east 
of Horns Rev 1 (assumed to be the same as used in previous studies at Horns Rev 1, 560 m distance 
to the windfarm) and to the east of Horns Rev 2 (no distance provided but estimated to be less than 
2 km away). Radar range was set at 6.0 km and covered a circular area. Additional information on 
species identification was possible by use of “a real-time tracking” procedure whereby tracks of 
individual birds or tracks could be followed on background images to produce videos.  Videos were 
produced using a frame grabber connected to the radar and tailor made software provided the video 
as a back ground image on the PC screen.  Whilst one observer followed the trace on the screen, a 
second attempted to locate the target in the field using a binocular or telescope to provide names, 
number of birds and altitude. Identification on tracks was not always possible during busy periods. 
Track densities were estimated for a 100 m2 grid system within the radius of the radar. 
 
Laser range finders: Laser range finders (Vectronix 21 Aero) were also used from the observation 
stations used to collect species-specific data up to distances of 2-3 km for large bird species 
(depending on the field of view and flight mode of the bird).  Positions and altitudes of birds were 
logged automatically via GPS recorded at intervals of 10-15 sec. Data from the laser range finders 
were used to supplement data collected by the radar. Calibrations in order to correct the readings 
provided by the GPS were necessary due to interference by the observation tower. 
 
Track data for range finders and radar were also integrated with weather data including wind 
direction, wind speed, air pressure, clearness, humidity, total precipitation and air temperature. In 
addition, the relative flight direction of the bird in relation to wind direction was also calculated. 
  
Generalised Additive Models (GAMs) with a Tweedie distribution were used to look at track densities 
derived by radar for all bird tracks and common scoter tracks in relation to distance to the radar and 
distance to the windfarm. Generalized Additive Mixed Models (GAMMs) with a correlation structure 
(to deal with spatial and temporal autocorrelation) were used to look at the flight altitude in relation 
to weather variables and distance to the nearest wind turbine. However, this information could not 
be used to quantify an avoidance rate. 
 
Study period 

 

Data collection carried out during spring and autumn from September 2010 to May 2012. No further 
details given. 
 

Radar observations: 15 min per h during daylight.  
 
Laser range finders: operated permanently with observation periods of a minimum of 15 min per h.  
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Species 

 

All spring and autumn migrants (seabirds, water birds, ducks and passerines). 
 
Conditions data collected under  
 
Not specified. 
 
Results 

 

Tracks recorded by both horizontal radar and the laser range finders were mapped for a range of 
species/groups in order to visualise movement patterns. It was proposed that diver spp (small 
sample size), northern gannet and common scoter tended to migrate along corridors along the 
periphery of the windfarms, although looking at the maps provided it is clear that northern gannet17 
and common scoter18 did occur within the windfarms, notably Horns Rev 2. This was thought to be 
with a result of the bathymetry as common scoters seemed to associate with waters less than 10 m 
in depth.   
 
At Horns Rev 2 both distance to radar and distance to the windfarm were significant predictors of 
the densities for all birds tracks combined 19 and common scoter tracks. Response curves20 produced 
by the models were similar for both analyses, which was unsurprising given the relative proportion 
of all tracks that were from common scoter. A peak in the density of birds occurred at around 1,500-
2,500 m from the windfarm and was argued to provide evidence for a barrier effect due to birds 
altering their flight path.  Similarly at Horns Rev 1, both distance to radar and distance to the 
windfarm were significant predictors for all bird tracks and common scoter tracks. In terms of the 
response curves, distance to windfarm the peak for all birds was between 2,000-3,000 m,  whereas 
for common scoter it was around 1,000-2,000 m21 . 
 
Assessment of methodology 

 

From the results provided it is not possible to quantify an overall macro-avoidance rate although this 
study did provide information on the distances to which barrier effects were observed. 
 
A1.3 Nysted offshore Windfarm 

 

Location / habitat  

 

Marine, offshore 10 km. 
 
Turbine /array specification 

 

Turbine array consists of 72 2.3 MW Bonus turbines covering 24 km2. Distance between turbines – 
north to south (480 m) and east to west (850 m).  Turbine specifications given as: hub height 69 m; 
rotor blade length 41 m; total height 110 m. Clearance above water is 28 m. 

                                                           
17 Figure 5-14- Skov et al. 2012. 
18 Figure 5-15- Skov et al. 2012. 
19 GAM; Distance to radar F=321.5, p < 0.01 and distance to windfarm F=286.4 , p < 0.01. Overall deviance 
explained 18.6% - Skov et al. 2012. 
20 Figure 5-23 -  Skov et al. 2012. 
21 Figure 5-26 -- Skov et al. 2012. 
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Case study number 1 

 

Petersen, I.K., Christensen, T.K., Kahlert, J., Desholm, M. & Fox, A.D. 2006.  Final results of bird 

studies at the offshore windfarms at Nysted and Horns Rev, Denmark. Commissioned by DONG 
Energy and Vattenfall A/S. National Environmental Research Institute.  
 
Desholm, M. & Kahlert, J. 2005. Avian collision risk at an offshore windfarm. Biology Letters 1: 296-
29822. 
 
Methods 

 
Peterson et al. (2006) focussed on barrier effects, displacement effects, physical changes to the 
habitat and collision risk. Work was carried out at Horns Rev and Nysted offshore windfarm but 
there were differences in methodology and timing of data collection. Study at Nysted covered the 
three phase of development periods: baseline (1999-2002); during construction (2002-2003) and 
post-construction or post-construction (2003-2005).   Desholm and Kahlert (2005) reported the 
results from the barrier effects and collision risk work only. 
 
Radar observations: Recordings by radar (Furuno FR125) were carried out from an observation 
tower, 5 km north-east of the windfarm area. The range was approximately 11 km and covered a 
circular area of 388 km2. Migration was mapped by tracing the course of flocks onto a transparency 
and subsequently digitised. Only tracks longer than 5 km were included in the analyses.  
 
The lateral response to the windfarms was investigated by setting a number of transects: the eastern 
gate (located along the full length the most eastern edge of the windfarm); the northern gate 
(located along the full length the most eastern edge of the windfarm) and the buoy transect (running 
from north to south from the observation tower to a buoy, 6.9 km in length). During autumn 
migration, tracks of flocks of birds travelling in a westerly direction which crossed the buoy transect 
were selected to see if they crossed the eastern gate (in order to derive the percentage of birds 
which did so).  In contrast, during spring migration the flight behaviour of birds was studied after 
they passed the windfarm and so is not considered further here. The total numbers of flocks of birds 
crossing the eastern and northern gate were also counted.  In addition, migration intensities were 
compared for an area within the windfarm with an adjacent area outwith the windfarm (both less 
than 11 km2 in area). Each area was subdivided into squares of 0.1 km2 and within each cell, the 
lengths of radar tracks (bird flocks) were expressed as the total sum of track meters (the track 
density).  In order to derive the change due to the windfarm, proportional differences in the bird 
densities within and inside the windfarm from the baseline data (pre-construction) were used to 
correct the data collected post-construction to derive avoidance rates. 
 
In order to determine the response distance (where avoidance occurs) to the windfarm, transect 
lines to the east of the windfarm were set up which ran parallel to the direction of the rows of 
turbines (from north to south). These were spaced at intervals of 100, 200, 300, 400, 500 m and then 
at intervals of 500 m to 4,000 m and after which there were a further two transects at 5,000 and 
6,000 m. The mean ± s.d. migration course of tracks were calculated for each transect (based the gap 
between the transect itself and the 100 m interval to the west). 
 
Visual observations: Abundance, phenology, diurnal pattern and flock sizes of species were 
recorded along the buoy transect. Count data was then converted into number of birds per 15 mins 

                                                           
22 Assumed to be derived from the same data as Peterson et al. 2006. 
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for all westerly bound birds in autumn and easterly bound birds in spring (although again the latter 
represents the number of birds after passing through the windfarm).   
 
Study period 

 

Radar observations: spring (easterly-orientated migration) and autumn (westerly-orientated 
migration) periods covered. Total number of hours or breakdown by season not reported. 
 
Visual observations: During the main survey periods of 14 March to 19 April and 30 August to 12 
November from 1999 - 2005, observations were carried out two days per week covering day and 
night time periods. A total of 259 h and 579 h observations gathered for the spring and autumn 
periods.  
 
Species  
 
Staging and migrating birds but due common eider and geese spp most commonly recorded. 
 
Conditions data collected under  
 
Not specifically described but very little data of under conditions poor visibility (<1 km). 
 
Results 

 

The probability of birds of crossing the windfarm was analysed using a logistic regression model and 
included the following explanatory terms and first order interactions (phase of development; 
distance to the observation tower when crossing the buoy transect), time of day, direction of winds 
(all of which were found to have significant effects). It was shown through comparison of data from 
the baseline and operation phases that 0.78 of all birds23, which consisted mostly of common eider, 
avoided entering the windfarm post-construction during autumn migration. This was based on 40% 
of flocks entering the eastern edge of the windfarm during the baseline period compared to 9% 
during operation24. This was suggested to equate to 8 out of 10 flocks crossing the eastern gate 
during the baseline study then avoiding the windfarm during the post-construction phase. It was also 
shown that during the post-construction phase, the numbers of flocks crossing the eastern gate 
were higher at night than during the day (Desholm and Kahlert 2005 cited values of 13.5 % and 4.5 % 
respectively). 
 
More specifically there was notable inter-annual variation in macro-avoidance rates for autumn 
migrating birds, again mostly common eider, ranging from 0.63 and 0.8325 in the use of the 
windfarm post-construction compared to the baseline. These rates were derived from figures of 
0.08-0.09 of flocks passing the eastern side of the windfarm compared to 0.24-0.48 passing the 
eastern gate of the windfarm during the pre-construction period26.    
 
There was a difference in migration intensity during the baseline period as the track densities in the 
eastern windfarm were 60% of the reference area which suggested a problem with detection rate. 

                                                           
23 Figure 121. Calculated as 1-(0.09/0.40) - Peterson et al. 2006. 
24 Desholm and Kahlert (2005) reported the proportion of flocks entering the windfarm decreased from 40.4% 
during pre-construction to 8.9% during initial operation. Data collection methods were not extensively 
described - Peterson et al. 2006. 
25 Calculated as 1-0.08/0.48 and 1-0.09/0.24 - Peterson et al. 2006. 
26 Figure 122 - Peterson et al. 2006. 
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Nevertheless a significant reduction in track densities was reported for the post-construction period 
but there was acknowledgement that a reduction could be partially explained by problems of what is 
termed a shadow effect to do with individual turbines.  
 
The standard deviation of the orientation was used to determine the lateral deflection as means of 
quantifying response distance to the windfarm (citing Kahlert et al. (2005) as justification for this 
approach). Analyses of data collected during the autumn migration, showed a significant interaction 
between the phase of development and distance to the windfarm (other terms were also significant 
but not discussed here due to lack of information presented which can be evaluated with respect to 
providing evidence for the response distance)27. Plots of the means of annual standard deviation 
values showed that there was little change in orientation for distances between 100 m and 5 km 
from the windfarm during the baseline period28. However, during the operation period, the 
orientation of tracks steadily changed over the distances 5 to 1 km away from the windfarm 
(orientation of birds at 3 km from the windfarm were significantly different to the baseline period) 
and the greatest deflection occurred between 500 m and 100 m (note that the way the transects 
were set up, there was a gap between 500 m and 1 km).  A tendency was also reported for the first 
deflection to be recorded at greater distances during the day compared to the night time period 
(based on the multiple use of pair-wise t tests across each distance interval)29.  
 
Assessment of methodology 

 
As there was a before and after comparison carried out at Nysted this was argued to provide greater 
confidence (compared to Horns Rev) that any changes were as a direct result of the windfarm 
presence.   
 
The response distance was only possible for birds entering the wind far during autumn (the area 
used during spring migration was beyond the edge of the radar range and hence the derived figures 
are based on autumn migration only.  Moreover, tracks do not differentiate between individuals or 
flocks, therefore the reported macro-avoidance values do not respond to the level of individual 
birds. 
 
Case study number 2 

 

Blew, J., Hoffman, M., Nehls, G. & Hennig, V. 2008. Investigations of the bird collision risk and the 

responses of harbour porpoises in the offshore windfarms Horns Rev, North Sea, and Nysted, Baltic 

Sea, in Denmark. Part 1: Birds. Report from the University of Hamburg and BioConsult SH, 145pp. 
 
Methods 

 

Methods used were exactly the same as used for Horns Rev (Appendix 1, section A1.2) 
 
Study period 

 

March to May to coincide with spring migration (44 ship days in 2005 and 2006) and September to 
November to cover autumn migration (51.5 ship days in 2005 and 2006). 
 

                                                           
27 Table 41- Peterson et al. (2006). 
28 Figure 119 - Peterson et al. (2006). 
29 Table 42 -  Peterson et al. (2006). 
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Radar appeared to have been run continuously.  
 
Species  

Wide range of non-pelagic waterbirds with high numbers of common eider as well as raptors and 
songbirds. Transect counts showed that in spring, the common eider was by far the most common 
bird recorded and in autumn it was the great cormorant.  
 
Conditions data collected under  
 
Horizontal radar observations were limited to calm sea state conditions (wind speed < 2 ms-1) and 
generally dry weather. Weather and sea state conditions tended to better than those experienced at 
Horns Rev where fewer observation days were possible. 
 
Visual observations were stopped when visibility <1 km.  
 
Results 

 

Radar tracks were categorised according to their direction in relation to the first row of the 
windfarm: flying towards (± 45° either side of perpendicular to the windfarm; flying away; and flying 
parallel (more or less). Initially tracks were presented regardless of their location (and therefore 
distance) in relation to the windfarm (but included tracks within the boundary of the outer row of 
the windfarm).  During the day the overall number of tracks flying parallel to the windfarm was 
higher (n = 2,274) compared to towards (n = 1,725) or away (n = 563) from the windfarm. This 
pattern was not evident at night when the numbers flying towards (n = 968) and parallel (n = 804) 
were more similar but still much higher than flying away (n = 216).     
 
In terms of determining whether horizontal avoidance occurred, the mean (and standard deviations) 
of angles of the approaching tracks were presented for the four 500 m width distance bands, for all 
anchor points east and west of Nysted offshore windfarm. It was reported that the angles did not 
increase (as would be predicted if horizontal avoidance occurred) or differ with decreasing distance 
to the windfarm (no statistical analyses were carried out).  
 
Although the visual observations were designed primarily to look at the differences in flight height 
distribution, they were able to provide supporting evidence for macro avoidance occurring. For all 
gull spp significantly less birds were present inside the windfarm. No results for northern gannet 
were provided. 
 
Assessment of methodology 

 

See Appendix 1, section A1.2 for a discussion regarding the work carried out on radar and visual 
observations at Horns Rev where the same approach was used. With respect to looking for evidence 
of horizontal avoidance this study was unable to show evidence for a change in flight orientation. It 
was unclear though whether this was down due to relatively wide bands being used (500 m in width) 
as other studies have used smaller intervals of 100 m at distances less than 1,000 m from the 
windfarm. 
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APPENDIX 2   Evidence review macro-response – displacement and attraction studies 

A2.1 Egmond aan Zee 

 

Leopold, M.F., Dijkman, E.M. & Teal, L. 2011. Local Birds in and around the Offshore Windfarm 

Egmond aan Zee (OWEZ) (T-0 & T-1, 2002-2010). Texel, The Netherlands: Wageningen IMARES. 
 
Leopold M.F., Camphuysen C.J., van Lieshout S.M.J., ter Braak C.J.F. & Dijkman E.M. 2004. Baseline 

studies North Sea windfarms: Lot 5 marine birds in and around the future site Nearshore Windfarm 

(NSW). Alterra-rapport 1047. 
 
Lindeboom, H.J., Kouwenhoven, H.J., Bergman, M.J.N., Bouma, S., Brasseur, S., Daan, R., Fijn, R.C., de 
Haan, D., Dirksen, S., van Hal, R., Hille Ris Lambers, R., ter Hofstede, R., Krijgsveld, K.L., Leopold, M. & 
Scheidat, M. 2011. Short-term ecological effects of an offshore windfarm in the Dutch coastal zone; 
a compilation. Environmental Research Letters 6. doi:10.1088/1748-9326/6/3/035101. 
 
Location/habitat  

 

Marine 10-18 km off shore.  
 
Turbine /array specification 

 

Hub height 70 m and  a rotor diameter 90 m (rotor altitude min 25 m, max rotor altitude 115 above 
mean sea level). Turbine array consists of 36 Vestas V90 3 MW turbines covering an area 27 km2. 
Distance within turbines is 650 m within rows and 1000 m between rows. 
 
Methods 

 

The focus of  Leopold et al. (2004) and (2011) was to look at avoidance and attraction by birds to the 
windfarm at Egmond aan Zee for what were termed local birds (although the survey work did cover 
the Princess Amalia windfarm site, results specific to this windfarm site were not presented). Survey 
periods covered the pre-construction and post-construction phases of the development. Lindeboom 
et al. (2011) reported the impacts of the windfarm on a range of taxonomic groups but with respect 
to birds presented less detail than the above reports and therefore is not considered further here.  
 
The study area was approximately 725 km2 (22 x 33 km). It was selected on the basis that it would 
include an adjacent offshore windfarm, Princess Amalia, and an anchorage area, where ships wait 
before entering the nearby major port. Ten transect lines were selected running east to west at 
distances of 2.47 km apart (with eight additional transect lines added in 2008 running north east to 
south west).  The aim was to cover each transect twice (this was possible until the additional 
transect lines were added) and the transect lines were sailed in the same order each survey period. 
Successfully completed surveys ranged between 4-8 days in duration.  
 
Ship based strip census surveys based on the methods adopted in the baseline studies in 2002-2004 
(described in Leopold et al. 2004) which were originally derived from Tasker et al. (1984); Komdeur 
et al. (1992) and Camphuysen and Garthe (2004). All swimming birds were assigned to distance 
bands: AB (0-100 m); C (100-200 m) and; D (200-300 m) and all observations were assigned to five 
minute intervals. Flying birds were recorded using the snap shot methodology at intervals of 1 min. 
 
Although BACI design was originally set to look at bird responses to the windfarm, there was 
considerable annual variation in seabird presence which hampered the ability to look for any 
differences between pre-construction and post-construction. Therefore the results focussed on 
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comparisons within surveys (e.g. species-specific monthly counts). Presence/absence data were used 
as the response in Generalised Additive Mixed Models, which took into account temporal auto-
correlation, for all individual species/month combinations there were sufficient data for. Otherwise 
a more simple General Additive Model was used or, in some cases, statistical models could not be 
run (birds were counted less than 10 occasions). Therefore, the number of surveys that were 
available for further analyses varied according to species and were a reflection of the relative 
abundance of birds each month.  Presence /absence data were argued to be more appropriate as 
they were less affected by the large numbers of zero counts or the few counts with very large 
numbers of birds recorded. These models took into account the distance to coast, the northing value 
and the presence of impact area as factors (Egmond aan Zee, Princess Amalia and the anchorage 
area were considered individually within these models). The model output was then used to predict 
and subsequently map the probability of birds occurring across the survey area.   
 
Within surveys, there was the possibility of four outcomes: attraction (probability of finding birds 
inside the windfarm was significantly higher than expected on the basis of the general distribution 
pattern); avoidance (probability of finding birds inside the windfarm was significantly lower than 
expected); indifference (probability of finding birds within the perimeter was not impacted by the 
windfarm and insufficient data. 
 
Study period 

 

Baseline/pre-construction surveys: T-0 = September and October 2002; April, May, June, August and 
November 2003; February 2004 (described in Leopold et al. 2004).  
 
Post-construction surveys: T-1a = April, June, August, September, November (incomplete) 2007 and 
January 2008 (May was not repeated); T-1b = April, June, August, September (incomplete), 
November 2008; January, 2010; T-1c = April, June, August, October (September not possible) 
November 2009 and; January and February 2010.  
 

Species  
 
Local seabirds as defined as those which reside for some time in the study area. Species accounts 
were presented for: diver spp, great crested grebe, northern fulmar, northern gannet, great 
cormorant, common scoter, little gull, black-headed gull, common gull, lesser black-backed gull, 
herring gull, great black-backed gull, black-legged kittiwake, Sandwich tern, common/arctic tern, 
common guillemot and razorbill). 
 
Conditions data collected under  
 
Generally aimed to survey in conditions with a Beaufort scale of less than 6 Bft but there were a 
number of transects that were carried out in higher winds of 6-7 Bft (when light conditions 
permitted). 
 
Results 

 

Northern gannet:  Northern gannet tended to occur on all sides around Egmond aan Zee windfarm 
but rarely within the perimeter of the windfarm30. Observations recorded that those few birds that 
did enter only went one turbine deep.  Where presence/absence analyses were possible for the 
post-construction period (n = 10 surveys), it was shown that the presence of the species was 

                                                           
30 Figure 31 - Leopold et al. 2011. 
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significantly negatively related to the Egmond aan Zee windfarm for only two surveys. Anecdotally it 
was reported that gannets never entered Princess Amalia Windfarm (which has a higher turbine 
density31). Also highlighted was the lack of searching feeding, resting in the windfarms during the 
surveys.  
 
Lesser black-backed gull: It was evident that lesser black-backed gulls were often seen within 
perimeters of windfarm32. These birds tended to be either resting on the water or foundation 
structures or feeding at the tidal wakes around the monopiles. Presence/absence analyses for the 
post-construction period (n = 12 surveys), found that the presence of the species was negatively 
related to the Egmond aan Zee windfarm for only one survey (the rest were also negative but 
insignificant). This was counter to what would have been predicted as large fishing vessels only 
operated outside the windfarm which should have in effect reduced the numbers of birds inside the 
windfarm (resulting in an apparent avoidance). Most observations of lesser black-backed birds were 
anecdotally reported to be associated with, looking out for or resting in the wake of active fishing 
vessels. 
 
Herring gull: Birds did occur in the windfarm area but overall fewer birds were recorded in the 
offshore environment compared to other gulls (notably in August where herring gulls remain mostly 
near shore). Like lesser black-backed gulls they were often associated with fishing vessels.  
Presence/absence analyses  for the post-construction period (n = 14 surveys), found that the 
presence of the species was negatively related to Egmond aan Zee windfarm for  eight surveys 
although this effect was only significant in three cases. Herring gull distribution patterns were 
proposed to thought to be likely to be attributable to overall latitudinal variation, as evidenced by 
the strong effect of distance to coast in the models (significant p values for six surveys). 
 
Great black backed gull: Birds did were reported as occurring in the windfarm area33. 
Presence/absence analyses for the post-construction period (n = 18 surveys), found that the 
presence of the species was positively related to the Egmond aan Zee windfarm in five cases, four 
significantly, although this effect was only apparent at low densities. There were also two surveys in 
which significant effects were reported. As reported for lesser black-backed gull, birds did tend to 
feed around fishing vessels but not in the same high numbers. 
 
Black-legged kittiwake: birds were recorded within the windfarm and in general numbers declined 
with decreasing distance to shore (apart from in November and one January). Presence/absence 
analyses for the post-construction period (n = 5 surveys), found that the presence of the species was 
positively related to the Egmond aan Zee windfarm in three cases, one significantly.  
 
Assessment of methodology 

 
Overall, there was lack of consistent evidence for either displacement or attraction for any of the 
species. This could have been partly due to the importance of factors operating at the larger scale of 
study area. For the larger gull species, there was a strong association with fishing vessels in the study 
area. Since fishing was no longer permitted in the windfarm areas, this could have confounded any 
results reported to do with possible attraction or avoidance of windfarms. There was also evidence 
that distance to coast was an important factor in determining the overall distribution patterns of 
herring gulls.  
 

                                                           
31 60 2 MW turbines which are evenly spaced (550 m apart) in area of 14 km2 - Leopold et al. 2011. 
32 Figure 34 - Leopold et al. 2011. 
33 Figure 38 - Leopold et al. 2011. 
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There were potential issues relating to the choice of statistical approach. As comparisons of pre-
construction and post-construction data was deemed not to be possible, multiple tests for individual 
surveys were carried out which may have led to the possibility of a Type 2 error (increased chances 
of reporting a false significant result). Also the numbers of observations were low for northern 
gannet and gull spp and consequently the modelling power was very low (Lindeboom et al. 2011). 
Moreover, the model outputs were in the form of p values and model co-efficients which could not 
be converted into avoidance rates without further details being presented (even if consistent effects 
had been observed). Therefore, from the results provided, it is not possible to derive 
displacement/attraction rates or thus macro-response rates for the study species. 
 
A2.2 Robin Rigg 

 

Natural Power. 2014. Analysis of Marine Ecology Monitoring Plan Data from the Robin Rigg Offshore 
Windfarm, Scotland (Post-construction Year 3). Draft Technical Report. E.ON Climate & Renewables. 
 
Location/habitat  

 

Marine, offshore < 11 km 
 
Turbine /array specification 

 

Turbine array consists of 60 3.0 MW Vestas turbines which are positioned approximately 500 m 
apart. Turbine specifications are given as turbine towers 80 m high and a rotor blade length of 44 m. 
 

Methods 

 

The purpose of this report was to look at: displacement of key species; changes in patterns of 
abundance and distribution; compare observed patterns with predicted impacts/sensitivities from 
the EIA process. 
 
Data collection was carried out during the pre-, during and post-construction periods. 
 
Boat based surveys based on standard European Seabirds-At-Sea (ESAS) survey methods were 
carried our (e.g. prior to the publication of Camphuysen et al. 2004) as used in the baseline period. 
In order to ensure comparability between the different phases of the development, methods were 
kept the same throughout. Additional survey work has been carried out from year 3 of the post-
construction period which corresponds to current best practice.  The main difference between the 
two approaches is that for flying birds the former records flying birds using transect methodology 
whereas the latter uses the snap shot methodology currently regarded as best practice. A total 10 
parallel transects running in a south west to north east direction of 18 km in length and spaced 2 km 
apart.  
 
For the purpose of analyses, each survey was divided into individual blocks of 600 m2 (corresponding 
to the 300 m either side of the transect line as both sides of the boat are surveyed). In terms of the 
data, there was a cleaning process applied. Uneven sampling effort across the different phases of 
the development (some months were surveyed twice) was identified as an issue and therefore a 
single survey at random was selected. The study area was also cropped to remove an area in the 
northeast where shallow waters sometimes prevented access and two transects in the southeast 
were removed due to under surveying during the pre- and during construction phases. There was 
also a gap during the construction period where there was no building activity (January and July 
2008) and these were also excluded from the analysis. 
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Birds on the water and birds in flight were analysed separately. Datasets that had fewer than 300 
non-zero observations were not considered. Raw observations were mapped and summary statistics 
for the three development phases were calculated in order to provide an initial indication of any 
change. These included: mean number of sightings (groups of animals), mean number of individuals 
per segment and mean number of individuals per segment per month. These are not discussed here 
however and the results of models output are focussed upon.  
 
Distance Sampling techniques were not used to correct the survey counts and a correction factor 
derived using the detection function was applied instead. Generalised Additive mixed effects 
mixture modelling carried out within a Bayesian framework were applied in order to deal with zero 
inflation (high number of zeros). Transect and survey were incorporated as random effects in order 
to deal with spatial and temporal autocorrelation. Covariates used the models were latitude, 
longitude month (or season) and time of day.  
 
Outputs of the models were used to produce density surface maps of the predicted distribution 
during the three different phases of the development. Abundance and density estimates for each 
species within the windfarm and the study area were produced for each phase. In order to look at 
avoidance, model outputs were used to predict the number of animals within the windfarm and for 
buffers 0.5, 1, 1.5 and 2 km of the three different windfarm phases.  Model outputs were presented 
only for the comparisons of pre-construction to construction and pre-construction to post 
construction (but it was not clear which of the spatial scales they related to) 
 
Study period 

 

Baseline surveys: monthly basis between May 2001 and April 2002. Further pre-construction surveys 
April and May 2003 and then on a monthly basis between January 2004 and September 2004 
(excluding April and June) with further work in July 2007. Constructions surveys: monthly basis 
between January 2008 and February 2010 (excluding November 2009). Post-construction: monthly 
surveys from March 2010 to February 2013 – scheduled to continue until 2015.  
 
Species  
 
Data were collected for a wide range of species (e.g. seabirds, seaducks, waders, passerines).  
Species accounts were only presented for the following key species: scaup, common scoter, red-
throated diver, Manx shearwater, northern gannet, great cormorant, black-legged kittiwake, herring 
gull, great black-backed gull, common guillemot, and razorbill.  
 
Conditions data collected under  
 
Not specified but ESAS provide guidance regarding suitability of conditions. 
 
Results 

 
Northern gannet: Modelling of the numbers of northern gannet on the water was not possible as 
there were too few sightings. The predicted numbers of northern gannet in flight across the three 
different phases of the development were found not to be significantly different. There appeared to 
have also been relatively little change in the predicted densities for the windfarm site, windfarm plus 
buffers (at any of the scales) or even at the level of the study area34. Although northern gannet was 

                                                           
34 Figure 3.55 – Natural Power 2014. 
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recorded throughout the study area, densities of the gannets were reported as being generally 
low35). 
 
Black-legged kittiwake: The predicted numbers of black-legged kittiwake on the water across the 
three different phases of the development were found not to be significantly different. There 
appeared to have also been relatively little change in the predicted densities for the windfarm site, 
windfarm plus buffers (at any of the scales) or even at the level of the study area36. A similar result 
was found for black-legged kittiwakes in flight37.  
 
Herring gull: Modelling of the numbers of herring gull on the water was not possible as there were 
too few sightings. The predicted number of herring gull in flight across the three different phases of 
the development were found to be significantly different with the numbers within the windfarm 
decreasing over the development (pre-construction to construction p = 0.0021, parameter estimate -
0.750 and pre-construction to post-construction p = 0.0013, parameter estimate - 0.841).  
 
Great black-backed gull: Modelling of the numbers of herring gull on the water was not possible as 
there were too few sightings. The predicted number of herring gull in flight were found to 
significantly differ from pre-construction to construction (p = 0.0166, parameter estimate -1.133) but 
not from pre-construction to post construction (p = 0.7854).  
 
Assessment of methodology 

 

There were insufficient data to allow modelling of the observations of birds on the water for 
northern gannet, herring gull, and great black-backed gull. For birds in flight, there was evidence for 
a significant decrease for herring gull both during the construction and post-construction periods 
whereas this decrease was only noted during construction for great black-backed gull. Northern 
gannet and black-legged kittiwake did not appear to respond to the presence of the windfarm. From 
the results provided, it was not possible to derive macro-response rates since it was not clear what 
models have been fitted and it was not apparent whether the changes were due to the presence of 
the windfarm or as result of changes at the scale of the overall study site. It is acknowledged though 
that despite this being year 3 of the post construction, it is not the final report and any reported 
results should be considered as preliminary findings. 
 
A2.3  Blighbank 

 

Vanermen, N., Stienen, E.W.M., Courtens, W., Onkelinx, T., Van de walle, M. & Verstraete, H. 2013. 
Bird monitoring at offshore windfarms in the Belgian part of the North Sea - Assessing seabird 

displacement effects. Rapporten van het Instituut voor Natuur- en Bosonderzoek 2013 
(INBO.R.2013.755887). Instituut voor Natuur- en Bosonderzoek, Brussel.  
 

Location/habitat  

 
Marine, 42 km offshore 
 
Turbine /array specification 

 

55 turbines. Additional information was not presented. 

                                                           
35 Figures 3.56-3.61- Natural Power 2014. 
36 Figure 3.82 - Natural Power 2014. 
37 Figure 3.83 - Natural Power 2014. 
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Methods 

 

This report looked at Blighbank and Thorntonbank windfarms (but also referred to the more recent 
development of Lodewijckbak) in what is termed the windfarm concession zone located in the north 
eastern edge Belgian Part of the North Sea (BPNS).  Surveys at both windfarms are still on going.  
 
Data collection was carried out during the pre-construction, during and post-construction periods. 
 
A BACI approach was adopted in order to monitor sea bird displacement. A control area of 
comparable size was selected on the basis of having similar attributes in terms of number of birds, 
environmental conditions and having sufficient historic data A buffer zone of 3 km was applied to 
the boundary of the windfarm (and the control area), in order to reflect the distance to which the 
effects of the windfarm could be an issue for birds.  
 
Boat transects were carried out on a monthly basis (citing Tasker et al. 1984) from 2008. The time 
interval used in this survey for recording was 10 minutes (a number of other windfarm surveys use 1 
min). Although only transect routes used post 2012 were shown38, despite some apparent minor 
shifts in the location the overall configuration was considered to be the same over the whole 
monitoring period (Nicolas Vanermen pers. comm.). An overview was provided of all the  ESAS 
counts carried out by INBO during the period of 1992-2012 based on location of counts, this could 
not be used to look at survey effort varied over the study period39. Count effort for Blighbank40 (as 
shown by the number of surveys) indicated overall higher effort in the pre-construction period (but 
this included data possibly dating back to 1992). There was also marked monthly variation in effort 
in the preconstruction phase with peaks in February/August for the pre-construction period and in 
March/December for the post construction period. 
 
Although distance sampling was used to correct count data to estimate the total numbers of birds 
within the BPNS (based on Buckland et al. 2001), it was not applied for modelling of the windfarm 
data (this was on the grounds that the correction factor used for both control and the windfarm area 
was likely to be the same Nicolas Vanermen pers. comm.). In order analyse the count data, 
generalised linear models were used, with a negative binomial distribution assumed in order to cope 
with over dispersion.  Modelling was carried out using area (the reference area or the impact area) 
and month (as a as a continuous variable in order to model seasonality) included as explanatory 
terms in what was termed the reference model (based on data collected prior to April 2008). The 
best model was then selected using a backward approach using a Wald test and looking at the 
resulting AIC values. The impact model was a simple extension of the count component of the 
reference model with before and after being added as factor variable to the model.  Although not 
carried out in this report,  the natural exponent of the model coefficients  can be used to derive the 
factorial change (and hence the overall percentage change in numbers from pre to post construction 
– see Table A6.1).  
 
Species’ preference for the windfarm area was calculated using Jacob’s Selectivity Index (calculated 
using the proportion of birds that occur inside the entire windfarm concession zone compared to the 
total numbers within the BPNS and the proportion of the surface area of the concession zone to the 
total area of the BPNS) whereby values of -1 represent total avoidance and + 1 is total preference 
(attraction). However this data was only carried out for the baseline data and hence are not 
considered further here.  

                                                           
38 Figure 27 - Vanermen et al. 2013. 
39 Figure 2 - Vanermen et al. 2013. 
40 Figure 29 - Vanermen et al. 2013. 
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The impact of the windfarm was considered separately for the post-construction phase at the scale 
of the windfarm, the windfarm and buffer, and the buffer without the windfarm41. Displacement-
related coefficients and their respective p values were reported. 
 
Study period 

 

The baseline period (reference period) referred to data pre-September 2009. The construction 
period ran from September 2009 to August 2010, and the post-construction period was from 
September 2010 onwards. Data collected during the initial construction period were not used in 
subsequent access due to access issues over this period. Results are presented for up until 
December 2012. 
 
Species  
 
Northern fulmar, northern gannet, great skua, little gull, common gull, lesser black-backed gull, 
herring gull, great black-backed gull, black-legged kittiwake, common guillemot, and razorbill.  
 
Conditions data collected under  
 
Not specified in the report. Conditions were, however, mostly favourable - boat surveys are 
cancelled when wave heights > 1.8 m, and in poor visibility (Nicolas Vanermen pers. comm.).  
 
Results 

 
Northern gannet: Model coefficients were significant for the scale of the windfarm and buffer and 
buffer without the windfarm (see Table A6.1).  Therefore there were highly significant decreases in 
numbers of northern gannet in the windfarm and the buffer of 3 km at all spatial three scales 
considered. 
 
Lesser black-backed gull: Model coefficients were significant for the windfarm and buffer and buffer 
without the windfarm and were only just not significant for just the windfarm. Therefore there was a 
significant increase in numbers of lesser black-backed gull in the windfarm and the buffer of 3 km 
relative to the pre-construction period. 
 
Herring gull:  The model coefficient was only significant at the scale of the windfarm, indicating an 
increase in numbers in the windfarm area relative to the pre-construction period.  
 
Great black-backed gull: The model coefficients were not significant, indicating no changes in 
numbers of the species relative to the pre-construction period.   
 
Black-legged kittiwake: The model coefficients were not significant, indicating no changes in 
numbers of the species relative to the pre-construction period.   
 

  

                                                           
41 Table 18 - Vanermen et al. 2013. 
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Table A2.1  Model outputs of Negative binomial modelling converted into factorial changes 
 
Species Scale Model 

coefficient 
P 
value 

Factorial 
Change* 

 Overall 
change as a 
proportion 

Northern gannet Windfarm -1.83 0.000 0.16 0.84 

Windfarm plus buffer -1.52 0.000 0.22 0.78 

Buffer -1.32 0.003 0.27 0.73 

Lesser black backed gull Windfarm 1.57 0.059 4.81 -3.81 

Windfarm plus buffer 2.39 0.004 10.91 -9.91 

Buffer 2.37 0.006 10.70 -9.70 

Herring gull Windfarm 3.97 0.000 52.98 -51.98 

Windfarm plus buffer 1.26 0.111 - - 

Buffer 0.83 0.269 - - 

Greater black backed gull Windfarm 1.08 0.127 - - 

Windfarm plus buffer 0.47 0.447 - - 

Buffer 0.54 0.428 - - 

Black-legged kittiwake Windfarm 0.25 0.605 - - 

Windfarm plus buffer 0.50 0.264 - - 

Buffer 0.77 0.092 - - 

*natural exponent of the model co-efficient. 
 
Assessment of methodology 

 
The results of this report should be considered as being preliminary since further data was collected 
for 2013. Nevertheless, northern gannet was shown to decrease in response to the presence of 
windfarm by a value of 0.84. This value could be taken as being indicative of macro-avoidance. 
Whereas both lesser black-backed gull and herring gull shown quite marked attraction to the 
windfarm. Great black-backed gull and black-legged kittiwake showed no overall response to the 
windfarm. From the results provided it not possible to look at seasonal variation in displacement or 
attraction.  
 
Sampling effort was biased towards the pre-construction phase and was characterised by variable 
effort on a monthly basis. Spatial coverage over the whole study period is likely to have been fairly 
consistent however. The data presented in this report is based on a BACI approach and potentially 
has limited value in looking at changes in the wider area but long term monitoring in the BPNS has 
continued throughout the study period and hence there is scope to include this at a later stage if 
required. 
 
A2.4 Thorntonbank 

 

Vanermen, N., Stienen, E.W.M., Courtens, W., Onkelinx, T., Van de walle, M. & Verstraete, H. 2013. 
Bird monitoring at offshore windfarms in the Belgian part of the North Sea - Assessing seabird 

displacement effects. Rapporten van het Instituut voor Natuur - en Bosonderzoek 2013 
(INBO.R.2013.755887). Instituut voor Natuur- en Bosonderzoek, Brussel.  
 
Location/habitat  

 

Marine, 27 km offshore. 
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Turbine /array specification  

 

Initially six turbines, final array to consist of 54 turbines.  
 
Methods 

 

See Appendix 2, section A2.3 for overall approach. 
 
The impact of the windfarm was considered separately for the two different operation phases: 
phase 1 (turbine array consisting of six turbines) and; phase 2 (second construction period). Models 
were run at the scale of the windfarm and buffer only42.  
 
Power analyses were also carried out for the reference data collected in the Thorntonbank study 
area in order determine the power required in order to detect change in numbers of birds (25, 50 
and 75% decrease) and the length of the monitoring period required.  
 
Study period 

 

Monthly surveys were started in 2005 (although additional data were available from 1993 based on 
surveys that have been carried out of the whole region of the BPNS but coverage was uneven 
spatially and temporally). The baseline period (reference period) referred to data pre-April 2008. The 
construction period ran from April 2008 to May 2009, and the post-construction period (called here 
the impact period) was from June 2009 to April 2011. Thereafter there was another period of 
construction from May 2011 and was ongoing at the time of the report.  
 
Species  
 
Northern fulmar, northern gannet, great skua, little gull, common gull, lesser black-backed gull, 
herring gull, great black-backed gull, black-legged kittiwake, Sandwich tern, common tern, common 
guillemot, razorbill.  
 
Conditions data collected under  
 
Not specified but ESAS provide guidance regarding suitability of conditions. 
 
Results 

 
Northern gannet: For both phase 1 and phase 2, the model coefficients were not significant, 
indicating no changes in numbers of the species relative to the pre-construction period.  
 
Lesser black-backed gull: For phase 1, the model co-efficient was not significant. For phase 2, a 
significant model co-efficient of 2.13 was reported (p = 0.052) for the scale of the windfarm, 
indicating a decrease inside the windfarm (but this effect was not found for the other models at the 
scale of the windfarm plus buffer and buffer without the windfarm).  
 
Herring gull: For both phase 1 and phase 2, the model coefficients were not significant, indicating no 
changes in numbers of the species relative to the pre-construction period.   
 

                                                           
42 Table 15 - Vanermen et al. 2013. 
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Great black-backed gull:  For phase 1, the model co-efficient was reported as 1.5 and was found to 
be significant (p = 0.024) for the windfarm plus buffer indicating an attraction to the windfarm. 
Whereas for phase 2, the model coefficients were not significant, indicating no change in numbers of 
the species relative to the pre-construction period.   
 
Black-legged kittiwake: For both phase 1 and phase 2, the model coefficients were not significant, 
indicating no changes in numbers of the species relative to the pre-construction period.   
 
Assessment of methodology 

 

The results of this study were derived from when the windfarm only consisted of 6 turbines (phase 
1) or during the next phase of construction of a further 48 turbines (phase 2).  Hence the years 
covered by this report do not include the post construction phase of a fully post-construction 
windfarm.  Hence the results are not considered further here as part of this review. 
 
A2.5  Nysted 

 

Petersen, I.K., Christensen, T.K., Kahlert, J., Desholm, M. & Fox, A.D. 2006.  Final results of bird 

studies at the offshore windfarms at Nysted and Horns Rev, Denmark. Commissioned by DONG 
Energy and Vattenfall A/S. National Environmental Research Institute.  
 
Location/habitat  

 

See under section 5.4.1.3 under barrier effects. 
 

Turbine /array specification  

 

See under section 5.4.1.3 under barrier effects. 
 

Methods 

 

Aerial transect surveys were carried out using methodology described in Kahlert et al. 2004 (which 
prior to the publication of Camphuysen et al. 2004 was commonly cited by other studies as the 
standard methodology). A total of 26 parallel transects running north to south separated by 
distances of 2 km were carried out covering an area of 1,700 km2. The area was extended by four 
additional transect lines in 2002 to increase the area to 1846 km2. 
 
Jacobs selectivity indexes (D) were used in order to look at displacement and attraction. This 
approach essentially determines bird preferences for the windfarm area and a buffer zone (2 and 4 
km) where birds could still be impacted, in relation to their preference to the whole study area.  
Values fell between -1 (displacement) and +1 (attraction). Bird encounters (for both individuals and 
groups here termed as clusters) rather than estimates of bird densities were used. Bird preferences 
were then compared by looking at the pre- and post-construction D values, based on a simple 
comparison of number rather by formal statistical analyses, in order to describe the change in bird 
utilisation of the windfarm. 
 
Bird encounter rate (number of birds reported per km of survey route per observer) was used as a 
proxy of density in order to calculate mean densities in the windfarm area and in the buffer zone. 
Comparisons of the mean densities pre- and post-construction were carried out using Student’s t 
test with corrections for unequal variance. Sufficient data (with respect to the five priority species) 
was available for comparisons for herring gull at Nysted in January and Horns Rev in March. 
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Study period 

 

Pre-construction period = August 1999 to August 2002 (n = 21 surveys); construction period = 
January 2003 to August 2003 (n = 3); post-construction period = January 2003 (sic) to November 
2005 (n= 8). The timing of the actual surveys (e.g. by month were not reported). Only the pre-
construction and post-construction surveys were used.  There was a lack of autumn surveys for the 
post construction phase and therefore only winter and spring surveys were available. 
 
Species  
 
Diver spp, great cormorant, long tailed duck, common eider, common scoter, red-breasted 
merganser, herring gull and greater black-backed gull:. 
 
Conditions data collected under  
 
Not specified. 
 

Results 

 
Herring gull:  Comparisons of pre- and post-construction selectivity indices for numbers clusters of 
birds showed no change43. Whereas selectivity indices for numbers individuals showed a tendency 
towards decreased selectivity (e.g. less birds were using the area) for the windfarm as well as both 
buffer zones44. There was no significant difference between bird encounter rate between the pre- 
and post-construction phases in the windfarm area or the 4 km zone but a significant difference was 
found for the 2 km buffer. The report concluded there was no evidence for either attraction or 
avoidance. 
 
Greater black-backed gull: outputs of the models were all found to be insignificant apart for the 
selectivity indices for individual birds post-construction and hence are not reported further here as 
they have no meaningful comparison for pre-construction. 
 
Assessment of methodology 

 

Overall there was little evidence that herring gull showed any response to the presence of the 
windfarm.  
 
There are a number of potential limitations of the approach used. There may be issues to do 
temporal coverage – from the information provided, it was difficult to be able to assess evaluate 
how sampling effort varied over the different phases of the development. Also whilst the Jacobs 
selectivity indices may provide an indication of the likely direction of response, these cannot be 
directly translated into displacement rates. Also the comparison of pre- and post-construction bird 
encounter rate had limited value since they provided no indication of changes in distribution that 
may have occurred at a wider scale (and therefore nothing to do with the presence of the 
windfarm). 
 

  

                                                           
43 Table 27 and 29 - Peterson et al. 2006. 
44 Table 28 and 30 - Peterson et al. 2006. 
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A2.6  Horns Rev 

 
Location/habitat  

 
See under Appendix 1, section A1.2. 
 

Turbine /array specification 

 
See under section Appendix 1, section A1.2. 
  

Methods 

 

Aerial surveys: Aerial transect surveys were carried out using methodology described in Kahlert et 

al. (2004) which prior to the publication of Camphuysen et al. (2004) was commonly cited by other 
studies as the standard methodology). A total of 26 parallel transects separated by distances of 2 km 
were carried out covering an area of 1,350 km2. 
 

Study period 

 

Pre-construction period = August 1999 to January 2002 (n = 16 surveys); construction period = 
March 2002 to August 2002 (n = 3); post-construction period January 2003 to November 2005 (n= 
15). The timing of the actual surveys (e.g. by month were not reported). Only the pre-construction 
and post-construction surveys were used.   
 
Species  
 
Diver spp, northern gannet, common eider, common scoter, little gull, arctic/common tern and 
guillemot.  
 
Conditions data collected under  
 
Not specified. 
 
Results 

 
Northern gannet: There were no observations of northern gannet inside the windfarm pre- or post-
construction. Comparisons of pre- and post-construction selectivity indices for the buffer zones 
indicated increased avoidance at the 2 and 4 km zone. Insufficient numbers of birds were recorded 
in order to be able look at encounter rates and limited further interpretation of what the likely 
overall response of northern gannet to the windfarm. 
 
Herring gull: Comparisons of pre- and post-construction selectivity indices for clusters and 
individuals of birds indicated a reduced avoidance of the windfarm area. The bird encounter rate 
revealed no significant difference between the pre- and post-construction period. It was concluded 
that despite an increased preference being found during construction (citing Christensen et al. 
2003), attraction was not observed post construction.  
  
Black-legged kittiwake: Model outputs were not significant for numbers of clusters of birds post-
construction and for both pre- and post-construction for numbers of individual birds. Hence the 
results are not reported here. 
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Assessment of methodology 

 

See Appendix 2, section A2.5. 
 

A2.7  Alpha ventus demonstration site 

 

Bundesamt fur Seeschiffart und Hydrographie, BSH 2011. Okologische Begleitforshung bei alha 
ventus erste Ergebnisse (Environmental research at alpha ventus – first results). Contributions from 
the Event of 10 May 2010, Katholische Akademie Hamburg. 
 
Mendel, B.,  Kotzerka, J.,   Sommerfeld,  J., Schwemmer, H.,  Sonntag, N. &  Garthe, S. 2014. Effects 
of the Alpha Ventus offshore test site on distribution patterns, behaviour and flight heights of 
seabirds. In  Ecological Research at the Offshore Windfarm Alpha Ventus: Challenges, Results and 
Perspectives.  Editors Federal Maritime and Hydrographic Agency, Federal Ministry for the 
Environment, Nature Conservation and Nuclear Safety. Springer Spektrum. 
 
All the post consent monitoring reports from this OWF demonstration site are written in German 
(Stefan Garthe pers. comm.).   The first reference reviewed is a report (BSH 2014) has a full English 
translation. The second reference (Mendel et al. 2014) is a book chapter and in written in English.   
Neither reference can be considered to be fully comprehensive in the level of detail provided but 
given the importance of this OWF site this information should be included.  The information which is 
cited below is largely taken from Mendel et al. (2014). 
 
Location/habitat  

 
45 km offshore 
 

Turbine /array specification 

 
Twelve turbines. Two designs (jacket foundation and tripod steel foundations) – no further 
information provided. 
 

Methods 

 
Two study areas were selected: the key study area, the size of which was in excess of 30 times the 
size of the windfarm itself and; a reference site which appeared to be nearly twice the size of the 
study area. Boat based surveys were carried out according to standard European Seabirds-At-Sea 
(ESAS) survey methods.  Aerial-based methods were based on methods described in  Pihl and Frikke 
(2002), Noer et al. (2000) and Diederichs et al. (2002) (full citations are given in Mendel et al. 2014). 
As well as data from the EIA studies, additional data from eight multiple-day ship-based surveys and 
21 aerial surveys carried out in both study areas were available. No further information was 
provided, however (e.g. on the timing of the surveys in relation to season).  
 
In order to carry out analyses of the changes in distribution patterns for pre-and post-construction 
data, data were collated into grid cells of 1 km2 and only data from the key study area were used.  A 
total of six species or species groups were looked at (divers, northern gannet, lesser-black backed 
gull, little gull, black-legged kittiwake and common guillemot) and only the most important period/s 
for each of these were focussed upon. Data were also collated over large time periods (usually 
seasons).  
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Changes in abundance were looked at using the pre- and post-construction data and only two 
species were considered (lesser-black backed gull and common guillemot). Generalised Linear Mixed 
Models of the abundances of birds at different distances in relation to the windfarm (0-2 km, 2-6 km 
and 6-10 km) were tested in three different models using a Poisson error distribution.   
 
The percentage of birds recorded in each behavioural category was calculated for the key study 
areas and the reference area for lesser black-backed gull only.   
 

Study period 

 
Data from 2000-2008 were regarded as pre-construction (construction started in September 2008) 
and data from 2010-2012 represented the post construction period.  
 

Species 

 
Northern gannet, northern fulmar, black scoter, skua spp, gull spp, and auks spp. 
Key species:  Red-throated diver, black-throated diver, lesser black-backed gull, black-legged 
kittiwake, little gull, common guillemot and razorbill. 
 

Conditions data collected under  
 
Data collected according to ESAS methods (sea state < 5Bft). 
 

Results 

 

Changes in distribution 

 
The statistical significance of the following  results was not provided and interpretation of results 
was largely based on maps representing densities of birds for the 1 km2 grid cell system of the key 
study area. Overall lower abundances were reported post-construction for six of the species/groups 
but only the relevant species are reported further here.  
 
Northern gannet:  the impact of the windfarm was hard to qualify due to the very low numbers 
recorded within the key study area. This species was reported to have occurred on seven occasions 
(nine individuals) within the windfarm area during the pre-construction period and none were 
observed post-construction.  Data were taken from March to September and hence represented the 
breeding season. 
 
Lesser-black-backed gull:  a ‘clear decrease’ was reported to have occurred from the pre- to the 
post-construction period. Although low to medium densities were reported post construction within 
the windfarm area, the highest densities were found a few kilometres away from the windfarm site 
(previously some of the highest were found within the perimeter of the windfarm area during pre-
construction).  Data were taken from May to July and hence represented the breeding season. 
 
Black-legged kittiwake: a ‘remarkable decline’ occurred post-construction not only within the 
perimeter of the windfarm but at the scale of the whole key study sites. Numbers recorded overall 
were very low’ however (e.g. highest number of birds recorded per km2 was 5).  Data were taken 
from November to April and hence represented the non-breeding season.  
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Changes in abundance 

 
Lesser-black backed gull:  Statistically significantly lower abundances were reported for the 0-2 km, 
2-6 km and 6-10 km distance class and the models suggested that the disturbance effect was 
strongest within 2 km of the windfarm, 
 

Assessment of methodology 

 
Based on the information provided, it is not possible to carry out a proper assessment of the 
methodology used. The overall abundance of northern gannet was very low therefore and therefore 
this study cannot be cited as evidence of the windfarm having an impact on their distribution. There 
is some evidence to suggest that displacement may be occurring for lesser-black-backed gull and 
black-legged kittiwake based on the maps of the distribution of bird densities for pre- and post- 
construction, but there was a lack of statistical analyses. However a statistically significant reduction 
in the abundance of lesser black-backed gulls was reported for all the three distances classes from 
the windfarm.  
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APPENDIX 3  EVIDENCE REVIEW HORIZONTAL MESO-RESPONSE 

 

A3.1 De Put, Nieuwkapelle 

 

Everaert, J. 2008. Effecten van windturbines op de fauna in Vlaanderen Onderzoeks resultaten, 

discussie en aanbevelingen. INBO, Brussels 
 

Methods 

 

Baseline data describing bird movements within the area, prior to turbine construction, were 
collected on six days between December 2004 and February 2005 at periods of dawn and dusk. 
Following turbine construction, additional data were collected on six days between December 2005 
and March 2006, again at dawn and dusk. Changes in the number of birds flying within 100 m and 
300 m of each turbine pre- and post-construction were then modelled using a factorial ANOVA.  
 

Seasons / time of day 

 

Data were collected over the winter at dawn and dusk.  
 

Species 

 

Black-headed and common gulls. 
 
Conditions data collected under  
 

Not specified. 
 

Location / habitat  

 

Terrestrial site in Belgium. 
 

Turbine / array specification 

 
A two turbine array. Each turbine has a mast height of 75 m and a rotor diameter of 48 m.  
 
Results 

 
No significant differences were recorded in the number of black-headed or common gulls passing 
within 300 m or 100 m of the turbines between the pre- and post-construction periods.  
 

Assessment of methodology 

 
A key flaw in this study is the lack of a control site with which to compare differences in movement 
pre- and post-construction. A consequence of this is that it is not possible to determine whether the 
lack of significant changes reflects the local population remaining relatively stable or whether the 
overall proportion, but not numbers, of a variable local population passing the turbines has changed. 
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A3.2 Egmond aan Zee 

 

Krijgsveld, K.L., Fijn, R.C., Japink, M., van Horssen, P.W., Heunks, C., Collier, M.P., Poot, M.J.M., 
Beuker, D. & Dirksen, S. 2011. Effect studies Offshore Wind farm Egmond aan Zee: Final report on 

fluxes, flight altitudes and behaviour of flying birds. Bureau Waardenburg 
 

Methods 

 

Radar Observations 

 

Between July 2009 and March 2010, the flight paths of birds within the windfarm were recorded 
using a horizontal radar with range of 0.75 nautical miles. The study area included six turbines and it 
was possible to collect data on 235 out of the 239 days during the study period, although it was 
necessary to filter out data on an additional 59 days due to the incidence of ‘clutter’. Data were then 
analysed using a t-test to assess whether birds were distributed evenly within the windfarm by 
comparing the number of birds passing within 50 m of a turbine to the number of birds elsewhere.  
 

Seasons / time of day 

 

Data were collected during daylight on eight occasions between July and December.  
 

Species 
 
Not stated 
 
Conditions data collected under  
 

All conditions. 
 

Location / habitat  

 

Marine 10 km offshore. 
 

Turbine / array specification 

 
Egmond aan Zee Offshore Windfarm covers an area of 27 km2 and contains 36 turbines. Each turbine 
has a hub height of 70 m and rotor diameters of 90 m. Turbines are arranged in four rows, with 650 
m between turbines in each row and 1 km between rows. The study of horizontal meso-responses 
was carried covered six turbines at the edge of the windfarm.  
 
Results 

 

There was a statistically significant difference in the numbers of birds flying within 50 m of the 
turbines in comparison to the proportion of birds elsewhere in the study area. Over the course of 
the study period, this reflected a horizontal meso-response rate of 0.34 (i.e. the number of birds 
within 50 m of a turbine was 66% of that elsewhere within the windfarm).  
 

Assessment of methodology 

 

Data used in this study have been collected using radar, meaning near-continuous data collection 
was possible. In order to detect finer scale movements of birds in relation to the windfarm, the 
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resolution of the radar was reduced to cover a distance of 0.75 nautical miles. As a consequence, it 
was possible to detect movements of birds that were as close as 1 m to turbines. However, a key 
limitation of the data is that it is not possible to relate echoes to individual species, or to determine 
whether a single echo reflects an individual birds, or a flock. An additional limitation is that birds at 
low altitudes may have been obscured by high waves, which they exploit in order to minimise energy 
expenditure.  
 

A3.3 Horns Rev I and II 

 

Skov, H., Leonhard, S.B., Heinanen, S., Zydelis, R., Jensen, N.E., Durinck, J., Johansen, T.W., Jensen, 
B.P., Hansen, B.L., Piper, W., Grøn, P.N. 2012. Horns Rev 2 Monitoring 2010-2012. Migrating Birds. 
Orbicon, DHI, Marine Observers and Biola. Report commissioned by DONG Energy 
 

Methods 

 

Radar Monitoring 

 

Between September 2010 and May 2012 Bird movements were recorded using horizontal radar at 
stations within the Horns Rev I and Horns Rev II offshore windfarms. All movements within 6 km of 
the radar were recorded. Two observers were used during the data collection. The first observer 
followed the tracks and recorded information within a database. The second observer attempted to 
locate each of the tracked objects in the field using binoculars or a telescope and relayed 
information  on the species identification, number and altitude to the first observer.   
 

Seasons / time of day 

 

Data were collected during the spring and autumn migration periods during the hours of daylight. 
 

Species 
 
Northern gannet (442 birds), common scoter (2,374 birds), large gulls (408 birds), terns (617 birds).  
 
Conditions data collected under  
 

Data were generally collected during relatively calm conditions (little wind or rain and good 
visibility).  
 

Location / habitat  

 

Horns Rev I is located 17.9 km from the Danish coast and Horns Rev II is located 31.7 km from the 
Danish coast.  
 

Turbine / array specification 

 
Horns Rev I is an array of 80 turbines, each with a hub height of 70 m and a rotor diameter of 80 m.  
Horns Rev II is an array of 91 turbines, each with a hub height of 68 m and a rotor diameter of 93 m. 
 
Results 

 

The study estimated the mean, minimum and maximum distances from turbines recorded by each 
species. On average, northern gannets were recorded passing within 1,119 m of turbines (range 0-
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2,840 m), common scoter were recorded passing within 921 m of turbines (range 0-4,302 m), large 
gulls were recorded passing within 783 m of turbines (range 50-2,252 m) and terns were recorded 
passing within 840 m of turbines (range 0-2,355 m). In practice, without knowing the shapes of these 
distributions, it is hard to use this information to estimate the magnitude or direction of horizontal 
meso-responses to the turbines. In practice, the mean distance to turbines is likely to be strongly 
influenced by the body size of the species concerned, or by their tendency towards flocking 
behaviour, both of which are likely to increase their detection at greater distances. However, of the 
408 large gulls tracked, none passed within 50 m of the turbines, suggesting a strong, negative 
meso-response to the turbines occurring at a distance of at least 50 m.  
 

Assessment of methodology 

 

The way data are presented make it difficult to disentangle meso-responses to the turbines. In 
particular, biases may exist relating to the detectability of different species, which may make the 
estimates of mean distance to turbines unreliable. Of the information presented, the minimum 
distance to turbines for large gulls is of value in estimating a meso-response rate.  
 

A3.4 Hungary 

 

Janoska, F. 2012. Investigations of Bird Collisions in 2 Wind farms. International Scientific Conference 

on Sustainable Development & Ecological Footprint, Sopron, Hungary, March 26-27 2012 
 

Methods 

 

Between November 2010 and November 2011, two Hungarian windfarms were visited every two 
weeks. During visits, the altitude and flight direction of birds were noted.  
 

Seasons / time of day 

 

Data were collected throughout the year. 
 

Species 
 
Yellow-legged gull 
 
Conditions data collected under  
 

No Details given. 
 

Location / habitat  

 

Two terrestrial sites in Hungary. 
 

Turbine / array specification 

 
No details given. 
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Results 

 

Of the yellow-legged gulls recorded, only 2.5% (23/917) were recorded flying within 75 m of 
turbines, reflecting a meso-response of 0.975, and only 0.6% (6/917) were recorded flying within 25 
m of turbines, reflecting a meso-response of 0.994.  
 

Assessment of methodology 

 

Very little detail is given describing the methodology used. As a consequence, these data must be 
interpreted with extreme caution. In particular, it is unclear to what extent data reflect avoidance, 
and to what extent it more generally they reflect the flight paths taken by birds passing through the 
area.  
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APPENDIX 4  EVIDENCE REVIEW VERTICAL MESO-RESPONSE 

 

A4.1 Barrow Offshore Windfarm 

 

Barrow Offshore Wind Limited. Post Construction Ornithological Monitoring – Third Year Report and 

Overall Conclusions.   
 

Methods 

 

Boat-based estimation of flight heights. 

 

Following the construction of Barrow Offshore windfarms, boat-based surveys were carried out 
during the breeding season and autumn migration in 2006, 2008, 2009 and 2010. In total 12 surveys, 
each lasting a single day were carried out, of which 8 were during the breeding season (May to 
August) and 4 during autumn migration (September to November). Boat survey data were collected 
within the windfarm according to standard protocols (Camphuysen et al. 2004) and flying birds were 
assigned to height bands of <5 m, 5- 15 m, 15-100 m and >100 m. Birds at risk of collision were 
assumed to be all those flying >15 m. The proportion of birds observed flying at heights presenting a 
risk of collision were then summarised across all surveys.  Pre-construction proportions at collision 
risk height within the windfarm were compared to post-construction proportions at collision risk 
height post-construction, although no detailed analyses were undertaken.  
 

Seasons / time of day 

 

Data were collected during the breeding season and autumn migration periods. 
 

Species 
 
Auk sp. (238 recorded in 2010), common guillemot (2,002 recorded in 2010), razorbill (691 recorded 
in 2010), great cormorant (5 recorded in 2010), red-throated diver (2 recorded in 2010), black-
headed gull (6 recorded in 2010), common gull (5 recorded in 2010), great black-backed gull (23 
recorded in 2010), herring gull (142 recorded in 2010), black-legged kittiwake (132 recorded in 
2010), lesser black-backed gull (425 recorded in 2010), gull sp. (51 recorded in 2010), Arctic skua (2 
recorded in 2010), northern gannet (53 recorded in 2010), Manx shearwater (12 recorded in 2010), 
Sandwich tern (30 recorded in 2010), common scoter (10 recorded in 2010), 
 
Conditions data collected under  
 
No details given. 
 
Location / habitat  

 

Marine7 km Offshore 
 

Turbine / array specification 

 
An array of 30 turbines covering an area of 10 km2 and arranged in four rows of seven or eight 
turbines each. The rows are separated by a distance of 750 m and within the rows, each turbine is 
separated by a distance of 500 m. Each turbine has a hub height of 75 m above sea-level and a rotor 
diameter of 90 m. 
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Results 

 

Several species were not present in sufficient numbers to allow a reliable estimate of the changing 
proportion of birds flying at a height placing them at risk of collision. Of those that were, common  
guillemot, great black-backed gull, herring gull, lesser black backed gull and Sandwich tern all 
showed a decline in the proportion of birds flying at risk height, with meso-responses of 1, 0.29, 
0.65, 0.28 and 0.55 respectively. However, other species (or groups) showed an increase in the 
proportion of birds flying at risk height including black-legged kittiwake, unidentified gulls and 
northern gannet, with meso-responses of -0.41, -0.85 and -0.59 respectively, reflecting an apparent 
attraction to the rotor-swept area of the turbines.  
 

Assessment of methodology 

 
Boat-based data collection was robust, following standard methodologies (Camphuysen et al. 2004). 
However, in assessing the vertical response to turbines there is a key flaw in the available data. In 
order to compare flight height data to that collected pre-construction, the same flight height bands 
were used in both study periods, and it was assumed that all birds flying at a height of more than 15 
m above sea-level were potentially at risk of collision. However, has the rotor-swept area covers an 
area from 30 m to 120 m above sea-level, this may lead to a significant over-estimate of the actual 
number of birds flying at collision risk height. As a result, the meso-response rates of birds within the 
windfarm may be underestimated. An additional, arguably less serious, flaw in the data collection is 
that estimates of the birds at collision risk height refer to flocks, rather than individuals. Flock size is 
likely to show significant variation, making it difficult to infer what the proportional changes mean in 
relation to actual numbers of birds.  
 
A4.2 Blyth Offshore Windfarm 

 

Rothery, P., Newton, I., Little B. (2009) Observations of seabirds at offshore wind turbines near Blyth 
in northeast England. Bird Study 56, 1-14 
 

Methods 

 

Shore based observations were undertaken between 18 April 1998 and 30 August 2003 covering the 
pre-construction, construction and post-construction periods of Blyth Offshore Windfarm.  
Observations were carried out at pre-determined times, at least twice a month. All passing birds 
were recorded, and it was stated that all birds were visible at a range of 1 km, although the turbines 
are only likely to comprise a small part of the total observation area. All birds were assigned to one 
of four height categories – 0-9.1 m, 9.1-26.4 m, 26.4-92.4 m and >92.4 m.  A total of 70.3 hours of 
monitoring were available for the pre-construction period and 351.6 hours for the post-construction 
period, although no analyses were undertaken to assess the significance of any changes in flight 
height.  
 

Seasons / time of day 

 

Data were collected throughout the year and during daylight hours.  
 

Species 

 
Northern gannet (432 birds post-construction), great cormorant (352 birds post-construction), 
common scoter (341 birds post-construction), common eider (1,034 birds post-construction), black-
headed gull (978 birds post-construction), herring gull (1,408 birds post-construction), great black-
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backed gull (564 birds post-construction), black-legged kittiwake (1,350 birds post-construction), 
Sandwich tern (2,135 birds post-construction). 
 
Conditions data collected under  
 
Data collected under all conditions in which visibility was at least 1 km.  
 
Location / habitat  

 

A shallow spit, approximately 1 km from shore.  
 

Turbine / array specification 

 

Two turbines spaced 200 m apart with a hub height of 59.4 m above mean sea-level and a rotor 
diameter of 66 m.  
 

Results 

 

For each species, the change in the proportion of birds flying at altitudes greater than 9.1 m above 
mean sea-level pre and post-construction are available. For most species, a greater proportion of 
birds fly above 9.1 m post-construction than pre-construction. The increase in the proportion of gulls 
flying above 9.1 m varied from 114-238% during the summer and 267-2,900% in the winter. Similarly 
during the summer, the proportion of gannets flying above 9.1 m increased by 2,800%.  
 

Assessment of methodology 

 
Despite the authors’ assurances, it is unlikely that all birds were detected over the full range of the 
observation area. In particular, birds at lower altitudes may be obscured by waves, or be less visible 
against the sea surface. As a result, the proportion of birds at lower altitudes may have been under-
estimated. In addition, the change in observation platform between pre- and post-construction 
periods is likely to have afforded an improved view of the observation area. These factors mean that 
pre- and post-construction comparisons of the estimates of birds at different altitudes may not be 
reliable. In addition, the presence of the turbines offering a fixed structure with which to assess 
birds' flight heights against, is likely to have improved the accuracy of estimates of flight heights 
made post-construction. Finally, by limiting the comparison to birds above 9.1 m, well below the 
rotor sweep of the turbines, the proportion of birds at risk is likely to be vastly over-estimated. 
 

A4.3 Egmond aan Zee 

 

Krijgsveld, K.L., Fijn, R.C., Japink, M., van Horssen, P.W., Heunks, C., Collier, M.P., Poot, M.J.M., 
Beuker, D., Dirksen, S. 2011. Effect studies offshore wind farm Egmond aan Zee. Final report on 

fluxes, flight altitudes and behaviour of flying birds. Bureau Waardenburg 
 

Methods 

 

Visual observations 

 

Between spring 2007 and December 2009, 405 panorama scans were carried out from a met mast 
on the edge of the Egmond aan Zee Windfarm. Scans were undertaken once an hour during daylight 
covering a 360˚ angle around the windfarm with a pair of 10 x 42 binoculars fixed on a tripod. During 
each observation period, two scans were undertaken, the first to capture birds close to the sea 
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surface and the second to capture birds at greater altitudes. The height of birds was estimated using 
trigonometry to combine the distance and angle between the bird and observer. Birds could be 
viewed to a distance of up to 3 km, although imperfect detection is likely to be an issue at these 
distances. The area covered by each panorama scan is approximately 50% within the windfarm and 
50% outside, allowing for simple comparisons to be made of birds inside and outside of the 
windfarm, although differences were not assessed statistically. 
 

Seasons / time of day 

 

Data were collected during daylight, throughout the year. There was increased effort during the 
spring and autumn migration periods.  
 

Species 
 
Northern gannet, great cormorant,  black-legged kittiwake, black-headed gull, common gull, lesser 
black-backed gull, herring gull, great black-backed gull, Sandwich tern, small gull sp., large gull sp., 
gull sp. 
 
Conditions data collected under  
 
Data collected under all conditions. 
 
Location / habitat  

 

Marine 10 km offshore. 
 

Turbine / array specification 

 

Egmond aan Zee Offshore Windfarm covers an area of 27 km2 and contains 36 turbines. Each turbine 
has a hub height of 70 m and rotor diameters of 90 m. Turbines are arranged in four rows, with 650 
m between turbines in each row and 1 km between rows.  
 

Results 

 

Species varied in their vertical responses to wind turbines. Of the 13 species or groups considered, 
the proportion flying at rotor height was lower inside the windfarm than outside for kittiwake, black-
headed gull, northern gannet, great black-backed gull, Sandwich tern and unidentified gull species 
(no numbers were presented). Large gulls appeared to show little, or no vertical response to the 
turbines, with roughly the same proportion flying at rotor height inside as outside. In contrast, the 
proportions of great cormorants, common gulls, little gulls and other small gulls flying at rotor height 
showed a noticeable increase inside the windfarm. 
 

Assessment of methodology 

 
Data are presented as the proportions of birds at rotor height both within and outside the windfarm. 
Without any details on the number of birds involved, it is difficult to determine the strength of these 
data, and the subsequent findings. Of particular concern is the way in which data for unidentified 
gulls have been presented and the apparent inconsistency in the results for each category which 
show roughly the same proportion of unidentified large gulls at rotor height inside as outside the 
windfarm, more small gulls at rotor height inside than outside the windfarm, but unidentified gulls 
assigned to neither category significantly less likely to be at rotor height within the windfarm. 
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Without more details of the species likely to be covered by each category, and their abundance 
within the study area, it is difficult to assign levels of confidence to the results presented.   
 
A4.4 Gunfleet Sands I and II 

 

RPS. 2008. Gunfleet Sands Monitoring Report, RPS, London 
 

NIRAS. 2011. Gunfleet Sands 2 Offshore Wind farms. Year 1 Post-construction Ornithological 

monitoring. NIRAS, Cambridge 
 

GoBe Consultants Ltd. 2012. Gunfleet Sands Offshore Wind farm I & II – Post Construction Year 2 – 

Marine Licence Environmental Monitoring Report. Prepared for DONG Energy. 
 

Methods 

 

Boat surveys 

 

Pre- and post-construction monitoring data were collected as part of boat surveys following 
standardised methodologies (Camphuysen et al. 2004). Flying birds were assigned to one of the 
following flight height bands <5 m, 5- 15 m, 15 -150 m. Pre-construction surveys were carried out 
between October 2007 and March 2008. Post-construction surveys were carried out between 
October 2010 and March 2011 and between October 2011 and March 2012. However, differences 
were not assessed statistically. 
 

Seasons / time of day 

 

Data were collected over winter, during periods of daylight.  
 

Species 
 
Red-throated diver, black-headed gull, common gull, great black-backed gull, gull sp., herring gull 
Black-legged kittiwake, lesser black-backed gull 
 
Conditions data collected under  
 
No details given. 
 
Location / habitat  

 

Gunfleet Sands I & II offshore windfarms, approximately 7 km from the coast. 
 

Turbine / array specification 

 

Gunfleet Sands I and II contain 48 turbines between them, each with a hub height of 75 m and a 
rotor diameter of 107 m. The projects cover a total area of 16 km2. 
 

Results 

 

The proportion of red-throated divers flying at collision risk height declined following the 
construction of the windfarm, by 39% in winter 2010/11 and by 96% in winter 2011/12. In contrast, 
the proportion of great black-backed gulls at rotor height showed an increase following 
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construction, by 75% in winter 2010/11 and 53% in winter 2011/12. The proportion of herring gulls 
at rotor height showed little change between pre-construction years and either post-construction 
survey. Results for other species were less consistent. For example common gulls showed an 
increase in the proportion at rotor height in 2010/11 compared to pre-construction data, but a 
decrease in 2011/12.  
 

Assessment of methodology 

 
Data were collected following a relatively robust methodology and the height bands used were a 
reasonable match for the dimensions of the rotor swept area of each turbine meaning the 
proportions of birds at risk height are less likely to be significantly over-estimated. However, the 
limited duration of pre- and post- construction surveys, reflected in the quantity of data available, 
means that there may only be limited power to detect significant changes in species flight heights.  
 

A4.5 Nysted/Horns Rev 

 

Blew, J., Hoffman, M., Nehls, G., Hennig, V. 2009. Investigations of the bird collision risk and the 

responses of harbour porpoises in the offshore windfarms Horns Rev, North Sea, and Nysted, Baltic 

Sea, in Denmark.  
 

Methods 

 

X-Band Radar 

 

The spring and autumn migration periods were monitored at Horns Rev and Nysted in 2005 and 
2006 using x-band radar mounted on vessels anchored in each windfarm. In total, across both 
windfarms 71.5 days of monitoring were carried out during the spring and 93.5 days during the 
autumn. Data were captured up to a height of 1,500 m and movements were examined in two 
height bands <200 m and 200-500 m. All birds tracked for > 100 m and showing a change in 
movement of >20 m were considered to have changed altitude.  
 

Seasons / time of day 

 

Data were collected throughout spring and autumn in 2005 and 2006. 
 

Species 
 
Having used radar, it was not possible to determine the species captured by the radar. 
 
Conditions data collected under  
 
It was not possible to collected data during periods of strong wind or heavy rain. However, all other 
conditions were covered.  
 
Location / habitat  

 

Horns Rev 17.9 km from the Danish North Sea Coast. 
Nysted 10.8 km from the Danish Baltic Sea Coast. 
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Turbine / array specification 

 

Horns Rev is an array of 80 turbines covering an area of 21 km2. Each turbine has a hub height of 70 
m and a rotor diameter of 80 m. 
 
Nysted is an array of 72 turbines covering an area of 26 km2. Each turbine has a hub height of 69 m 
and a rotor diameter of 82 m. 
 

Results 

 

Across both windfarms, and within the 0-200 m observation band, 4.8% of birds flying towards the 
windfarm were shown descending by more than 20 m and 13.4% were shown ascending by more 
than 20 m during the day time. At night time, the values were 2.9% and 13.6% respectively. 
However, these proportions did not differ significantly from the observations within the 200-500 m 
band, suggesting that the change in flight heights did not differ from what may be expected to occur 
by chance and are therefore unlikely to reflect avoidance behaviour.   
 

Assessment of methodology 

The rotor swept-area of each turbine covers altitudes from 20-110 m. Consequently, as data were 
relatively coarse and restricted to all flights within a band of 0-200 m, it may not have been possible 
to detect responses to turbines. In addition, having used radar, any responses to turbines that had 
been recorded could not have been identified to species level. 
 

A4.6 Robin Rigg 

 

Natural Power Consultants. 2013. Analysis of Marine Environmental Monitoring Plan Data from the 

Robin Rigg Offshore Wind farm, Scotland (Operational Year 3). Natural Power, Castle Douglas. 
 

Methods 

 

Boat-based surveys 

 

Pre- and post-construction boat surveys were carried out within the windfarm following standard 
methodologies (Camphuysen et al. 2004). Birds in height were assigned to bands of 0-5 m, 6-25 m, 
26-34 m, 35-125 m, 126-200 m and >200 m. Surveys were carried out on a bi-monthly basis prior 
during pre-construction monitoring (2001-2007) and on a monthly basis during post-construction 
monitoring (2010-2011). Where sufficient data were available, differences in the proportions of birds 
flying at rotor height were assessed using a chi-squared test.  
 

Seasons / time of day 

 

Surveys were carried out throughout the year, during daylight. 
 

Species 
 
Common scoter, red-throated diver, diver sp., Manx shearwater, northern gannet, great cormorant, 
black-legged kittiwake, herring gull, great black-backed gull, gull spp, common guillemot, razorbill, 
auk spp. 
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Conditions data collected under  
 
No details given. 
 
Location / habitat  

 

Robin Rigg Offshore Windfarm, 11 km from shore.  
 

Turbine / array specification 

 

Robin Rigg is an array of 60 turbines, each with a hub height of 80 m and a rotor diameter of 88 m. 
The turbines are spaced at intervals of approximately 500 m.  
 

Results 

 

There were no significant differences in the proportions of birds flying at rotor height during pre- 
and post-construction surveys for common scoter and red-throated diver. However, the proportion 
of northern gannet, great cormorant, black-legged kittiwake and large gull species flying at rotor 
height within the windfarm all increased between pre- and post-construction. However, the low 
power of the data was noted raising concerns over the validity of the results.  
 

Assessment of methodology 

 
Flight height data were not collected following the standard ESAS methodology and concerns are 
raised that this is likely to lead to a double counting of individuals, meaning estimates of changes in 
the proportion of birds at collision risk height may not be reliable.   
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APPENDIX 5  EVIDENCE REVIEW MICRO-AVOIDANCE 

 

A5.1 Egmond aan Zee 

 

Krijgsveld, K.L., Fijn, R.C., Japink, M., van Horssen, P.W., Heunks, C., Collier, M.P., Poot, M.J.M., 
Beuker, D., Dirksen, S. 2011. Effect studies offshore wind farm Egmond aan Zee. Final report on 

fluxes, flight altitudes and behaviour of flying birds. Bureau Waardenburg 
 

Methods 

 

Between July and December 2009, the flight paths of birds around six turbines were observed 
visually. These flight paths were then related to short range radar tracks in order to estimate the 
altitude and distance to nearest turbine. As a result, a dataset containing high resolution 
observations of bird behaviour around turbines was created. Birds were assigned to 5 m horizontal 
distance bands beginning at the rotor hub. All birds flying between 20 and 120 m above sea-level 
(reflecting the rotor-swept area of each turbine) were considered to be at risk of collision and the 
number of birds within each 5 m band was compared to the number of birds that would have been 
expected if they had been distributed evenly. To assess the level of last-second avoidance action 
taken, the number of birds within the 45-50 m band (just outside the rotor-sweep) was compared to 
the number of birds recorded between 0 and 45 m from the rotor hub.  
 

Seasons / time of day 

 

Data were collected during daylight on eight occasions between July and December.  
 

Species 
 
Seabirds, waterbirds and other migrants.  
 
Conditions data collected under  
 

All conditions. 
 

Location / habitat  

 

Marine, 10 km offshore. 
 

Turbine / array specification 

 
Egmond aan Zee Offshore Windfarm covers an area of 27 km2 and contains 36 turbines. Each turbine 
has a hub height of 70 m and rotor diameters of 90 m. Turbines are arranged in four rows, with 650 
m between turbines in each row and 1 km between rows. The study of micro-avoidance covered six 
turbines at the edge of the windfarm.  
 

Results 

 

Whilst 1,610 birds in 409 groups were recorded over the course of the study, only 115 in 52 groups 
were recorded passing within 50 m of the turbines. Of these, only 36 birds were recorded between 
20 and 120 m, at heights placing them at risk of collision. Of the 36 birds passing within 50 m of the 
turbine and at rotor height, it is reported that 0.926 did not fly within the rotor swept window of the 
turbine (i.e. 2-3 birds). This would reflect a micro-avoidance rate of 0.926.  
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Assessment of methodology 

 

The described methodology of combining visual and radar observations to record the tracks of birds 
approaching turbines is robust. This makes it possible to relate tracks to individual species and to 
determine how close each individual, or flock, gets to a turbine. Focussing on the area 50 m either 
side of the rotor hub and comparing the proportion in the 45-50 m band to the proportion in the 0-
45 m band data is likely to capture the type of last-minute action covered by micro-avoidance.   
 
However, only limited weight can be given to the data presented here. Observations were recorded 
on only four days, during which only 36 birds were recorded passing within 50 m of the turbine, the 
distance presented to represent micro-avoidance. This figure may be substantially inflated as it 
includes a single observation of a flock of 28 skylark.  
 

A5.2 Greater Gabbard 

 

RPS. 2011. Galloper Wind farm Project Environmental Statement – Technical Appendices 2: Appendix 

4: Greater Gabbard post-construction vantage point surveys, RPS, Glasgow 
 
Methods 

 

Visual Observations 

 

Two surveyors collected data from 180˚ arcs to the port and starboard sides of a stationary vessel 
within Greater Gabbard Offshore Windfarm. Each arc had a radius of 2 km and all birds entering 
each arc were recorded during snapshot counts taken every 15 seconds. The location of the boat 
and the viewing area, which covered a total of 15.9 km2, included seven operational turbines and a 
total of 36 hours of data were collected during the survey. The flight paths of each bird within the 
viewing area were noted, as was the proportion of time each bird spent at different heights. 
 
Seasons / time of day 

 

Data were collected between 1st June 2011 and 28th July 2011, with each survey lasting four hours. 
 
Species  
 
Northern gannet (0.14 birds/hr), Arctic skua (0.03 birds/hr), lesser black-backed gull (3.69 birds/hr), 
herring gull (0.11 birds/hr), black-legged kittiwake (1.28 birds/hr). 
 
Conditions data collected under  
 
Conditions were limited to sea-states one and two, to ensure the vessel remained as a stable 
observation platform. 
 
Location / habitat  

 

Greater Gabbard, UK (offshore). 
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Turbine / array specification 

 

The survey monitored seven operational turbines, each with a hub height of 77.5 m and a rotor 
diameter of 107 m. 
 

Results 

 

Over the course of the study period, 190 flights through the area were recorded. Of these, the vast 
majority did not pass close to the turbines. Given the proportion of the total study area occupied by 
turbines, this is unsurprising. As a consequence, only a single evasive manoeuvre, involving a 
kittiwake, was recorded.  
 

Assessment of methodology 

 
The length of the observation periods carried out during this study were extremely limited, so it is 
difficult to make an accurate assessment of how widespread different avoidance actions are. In 
addition, records of avoidance action have been made in a subjective fashion, both in relation to 
assessing the number of birds on a collision course for the turbines, and in assessing the actions 
recorded. For these reasons, it is not possible to quantify the micro-avoidance behaviour reported in 
this study.  
 
A5.3 Kessingland Windfarm 

 

Wild Frontier Ecology. 2013. Kessingland Windfarm Annual Post-construction Monitoring Report 

Year 2. Wild Frontier Ecology, Norfolk 
 

Methods 

 

Bird activity was monitored within the windfarm through nine two-hour vantage point surveys at 
each turbine carried out between November 2012 and March 2013. In total 36 hours of survey effort 
was completed throughout the study period. The response of birds whose flight paths were likely to 
overlap with turbines was noted.  
 

Seasons / time of day 

 

Late morning – early afternoon during winter. 
 

Species 
 
Black-headed gull (97 birds/hr), common gull (31.4 birds/hr), lesser black-backed gull (11 birds/hr), 
herring gull (56.72 birds/hr), great black-backed gull (0.28 birds/hr). 
 
Conditions data collected under  
No details given. 
 
Location / habitat  

 

Kessingland, Suffolk, UK (terrestrial). 
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Turbine / array specification 

 

Two turbines with hub heights of 80 m and rotor diameters of 92 m.  Distance between turbines 
within each row is not described. 
 

Results 

 

All birds recorded as being on a collision course with the turbines were observed to take evasive 
action to avoid collision. Typically this action occurred at a distance of 0-50 m from the turbine. Over 
the course of the study period, five black-headed gulls, two lesser black-backed gulls and a herring 
gull were recorded taking evasive action. In three instances this involved a change in altitude to fly 
below the rotor blades, whilst in other instances it involved a change to flight direction. In the case 
of the two lesser black-backed gulls, both were observed to take last minute evasive action at just 
five metres from the blades. 
 

Assessment of methodology 

 

The length of the observation periods carried out during this study were extremely limited, so it is 
difficult to make an accurate assessment of how widespread different avoidance actions are. In 
addition, records of avoidance action have been made in a subjective fashion, both in relation to 
assessing the number of birds on a collision course for the turbines, and in assessing the actions 
recorded and the distances at which they occur. For these reasons, it is not possible to quantify the 
micro-avoidance behaviour reported in this study.  
 

A5.4 Nysted 

 

Desholm, M. 2005. TADS investigations of avian collision risk at Nysted offshore wind farm, autumn 

2004. NERI, Denmark 
 
Petersen, I.K., Christensen, T.K., Kahlert, Desholm, M., Fox, A.D. 2006 Final results of bird studies at 

the offshore wind farms at Nysted and Horns Rev, Denmark, NERI, Denmark 
 

Methods 

 

Using a Thermal Animal Detection System (TADS) all bird movements past a single turbine during 
spring and autumn 2004 and spring and autumn 2005 were recorded. Birds were detected at 
distances of up to 120 m.   
 

Seasons / time of day 

 

Data were collected throughout both day and night in the spring and autumn. 
 

Species 
 

Mostly migrant passerines and waterbirds. 
 

Conditions data collected under  
 

All conditions. 
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Location / habitat  

 

Located approximately 11 km offshore in the Danish part of the Baltic Sea.  
 

Turbine / array specification 

 

An array of 72 turbines arranged in eight rows of nine turbines each. Turbines have a hub height of 
69 m and a rotor diameter of 92 m.  
 

Results 

 

In over 123 days of continuous monitoring, cameras captured 5,507 video sequences of which only 
14 were found to include birds. Of these, none revealed birds passing close to the turbine.  
 

Assessment of methodology 

 
The methodology is robust with sufficient capability to record all birds passing the turbine over the 
study period. However, the low frequency with which birds were recorded passing close to the 
turbine suggests that the data are unlikely to have sufficient power to detect avoidance activity.  
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APPENDIX 6  EVIDENCE REVIEW WITHIN-WINDFARM AVOIDANCE 

 
A6.1 Avonmouth Docks 

 

The Landmark Practice. 2013. Birds and Wind Turbines At Avonmouth Docks. Year 5 Monitoring 

Report for Ecotricity. The Landmark Practice, Bristol 
 

Methods 

 

Monitoring was undertaken at the Avonmouth Docks windfarm between October and March in the 
winters of 2007/08, 2008/09, 2009/10, 2011/12. Three vantage point surveys, each lasting three 
hours, were carried out in each month to record bird activity at the site. Flight altitude was 
estimated in five bands 0-20 m, 20-40 m, 40-80 m, 80-160 m and >160 m.  
 
During the visits for each vantage point survey, a search with a radius of 60 m around each turbine 
was carried for corpses. Additional surveys were carried out following periods of severe weather. In 
total 343 checks were carried out around the base of each turbine in the post-construction period.  
 

Seasons / time of day 

 

Vantage point surveys were carried out between October and March, and timed so that periods of 
rising, falling and high tide were covered each month.  
 

Species 
 
Black-headed gull (4.4 birds/hr 2007/08, 7.1 birds/hr 2008/09, 2.9 birds/hr 2009/10, 12.8 birds/hr 
2011/12), herring gull (6.8 birds/hr 2007/08, 13 birds/hr 2008/09, 18.8 birds/hr 2009/10, 38.2 
birds/hr 2011/12) 
 
Conditions data collected under  
 
Not stated. 
 
Location / habitat  

 

Avonmouth Docks, coastal.  
 

Turbine / array specification 

 

A line of 3, 2 MW Enercon E82 turbines, with a hub height of 79m and a rotor diameter of 83 m.  
 

Results 

 

A single black-headed gull was identified as a probable collision victim in the winter of 2007/08. An 
average of 4.4 black-headed gulls were recorded passing through the site over the study period, 
suggesting a total flux rate of 10,530 birds, of which 57 were predicted to collide based on option 1 
of the Band model, 2 were predicted to collide based on option 2 of the Band model and 1 was 
predicted to collide based on option 3 of the Band model. This reflects avoidance rates of 0.9826 
using option 1 of the Band model, 0.5152 using option 2 of the Band model and -0.0005 using option 
3 of the Band model.  
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Assessment of methodology 

 

The corpse search methodology is likely to provide an accurate estimate of collision numbers as 
previous studies have shown that the majority of corpses are recovered within 40 m of a turbine 
base (Orloff & Flannery 1992, Munster et al. 1996, Howell 1997). Furthermore, corpses were 
examined to confirm collision as cause of death. No corrections were carried out to account for 
searcher efficiency or predator activity. However, given the habitat surrounding the turbines and the 
frequency of searches through the study period, it is unlikely corpses would have been missed. Bird 
activity surveys were carried out throughout the study period and are therefore likely to give a 
realistic impression of bird activity in the area.  
 
As the bird activity surveys were carried out concurrently with the corpse searches and covered the 
same area, these data were combined with data from other sites to estimate representative 
avoidance rates.  
 

A6.2 Altamont Pass 

 

Thelander, C.G., Smallwood, K.S. & Rugge, L. 2003. Bird risk behaviours and fatalities at the Altamont 

Pass Wind Resource Area. National Renewable Energy Laboratory, Colorado. 
 
Methods 

 

Visual observations and fatality searches. 

 

Circular areas with a 50 m radius around the base of 685 wind turbines were searched for corpses  
every five to six weeks between 1998 and 2000. These searches were combined with 1,958 30 
minute point counts carried out in 20 study plots on 303 different days between 1998 and 2000. 
 
Seasons / time of day 

 

Counts carried out throughout the year and between 0700 h and dusk. 
 
Species  
 
Gulls (0.48 birds/hour). 
 
Conditions data collected under  
 
All conditions unless wind or rain resulted in visibility dropping to <60 m. 
 
Location / habitat  

 

Altamont Pass, California, U.S.A. (terrestrial). 
 
Turbine / array specification 

 

685 turbines arranged in 109 rows across an area of 50 km2. Turbine hub heights ranged from 14 m-
30 m, with rotor diameters of 17-23 m. Distance between turbines within each row is not described. 
 
  



 

BTO Research Report No. 656 

September 2014 210 

Results 

 

At this site, a total of five gulls, of unknown species, were recovered following collision with 
turbines. Across the study plots as a whole, the average rate at which gulls passed through the 
windfarm was 0.48 birds per hour, reflecting a total of 7,428 gull movements within the area over 
the two year study period. Site specific flight height data were not available, so it was not possible to 
calculate an avoidance rate based on option 1 of the Band model. Assuming no avoidance behaviour, 
and a bird with the characteristics of a herring gull, the total number of collisions expected would 
have been 296 per annum under option 2 of the Band model and 295 under option 3 of the Band 
model. The collision rate of five birds over the study therefore indicates a within-windfarm 
avoidance rate of 0.9831 using option 2 and 0.9831 using option 3. The similarity between these 
values reflects the relatively small size of the turbines installed at the site, in particular the rotor-
swept area, diameters of 17-23 m are significantly smaller than many of the turbines installed at 
offshore sites.  
 
Assessment of methodology 

 

The corpse search methodology is likely to provide an accurate estimate of collision numbers as 
previous studies have shown that the majority of corpses are recovered within 40 m of a turbine 
base (Orloff & Flannery 1992, Munster et al. 1996, Howell 1997). Furthermore, corpses were 
examined to confirm collision as cause of death. Correction factors were applied to account for 
carcass removal by scavengers, but not to correct for searcher efficiency. However, the limited size 
of the search area and terrain made it unlikely that any corpses would have been undetected. 
 
To minimise the effects of observer bias in point counts, paired observations were carried out during 
the early part of the study period so that different observers calibrated their perceptions of altitude, 
distance and behaviour with one another. However, no correction was applied for the detection 
distance of different species. This is a concern given that study plots were up to 4 km2, meaning that 
the total number of birds present within the study areas may have been an underestimate and that, 
therefore, the final, derived avoidance rate would also have been an underestimate. 
 
However, as it has been necessary to extrapolate bird activity data across the site, this has not been 
combined with data from other sites to identify representative avoidance rates.  
 
A6.3 Blyth Harbour 

 

Visual observations and fatality searches. 

 

Lawrence, E.S., Painter, S. & Little, B. 2007. Responses of birds to the wind farm at Blyth Harbour, 
Northumberland, UK. In de Lucas, M., Janss, G.F.E., Ferrer, M. 2007. Birds and Wind farms Risk 

Assessment and Mitigation, Quercus, Madrid. 
 
Newton, I. & Little, B. 2009. Assessment of wind farm and other bird casualties from carcasses found 
on a Northumbrian beach over an 11-year period. Bird Study, 56, 158-167. 
 

Methods 

 

Once a week over an 11 year period, a 4.7 km stretch of beach near Blyth in Northumberland was 
searched for corpses. Depending on the condition of the birds, an attempt was made to assign a 
cause of death to each carcass, and those with symptoms thought to be typical of collision with a 
wind turbine – head or one or both wings missing, broken bones blood in body cavity and a ruptured 
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liver – were identified. The total number of carcasses found was then corrected to account for those 
lost to scavengers, those not washed up on the beach and those not found during searches.  
 
Between October 1996 and August 1998, 31 three hour-long periods of observation were made of 
flight activity perpendicular to the turbine row and in the vicinity of five of the nine turbines. 
Observations were made from a point on the shore opposite the turbines, at a distance of 
approximately 80 m. In total 93 hours of observational data were collected.  
 
Seasons / time of day 

 

Fatality data were collected throughout the year. Bird activity data were also collected throughout 
the year, between the hours of 0800 and 1500 h, with observation periods split equally between the 
morning and afternoon.  
 
Species  
 
Around 80% of the flight activity within the windfarm involved herring gull and great black-backed 
gull, and other gull species made up a significant proportion of the remaining species. However, as 
species-specific data were not available regarding the corpses collected and it was stated that the 
majority of those collected belonged to gulls, to calculate an avoidance rate, it was necessary to 
consider gulls collectively.  
 
Conditions data collected under  
 
No details given. 
 
Location / habitat  

 

Blyth Harbour breakwater, Northumberland, UK (coastal). 
 
Turbine / array specification 

 

Nine turbines arranged in a row along a harbour breakwater. The turbines are spaced at 200 m 
intervals and have a hub height of 25 m with a 25 m rotor diameter.  
 
Results 

 

Results were presented as average collision rates and passage rates over the study period as a 
whole. Based on the data presented an average of 417,954 birds, most of which were large gulls, 
would have been expected to pass through the windfarm over the study period. Of these, 
approximately 3,047, assuming birds with the characteristics of a herring gull, would have been 
expected to collide with turbines in the absence of avoidance behaviour using option 1 of the Band 
Model and 3,083 using option 2 and 3,007 using option 3. Having corrected for the imperfect 
detection of corpses, between 148.5 and 193.5 collisions with wind turbines were expected in an 
average year. This suggests a within-windfarm avoidance rate of 0.3966-0.5369 using option 1, 
0.4037-0.5423 using option 2 and 0.3886-0.5308 using option 3.   
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Assessment of methodology 

 

The fatality searches were intensive throughout the study period and followed a robust 
methodology to account for corpses that went undetected. In particular, the potential for corpses to 
wash up within the study area was tested experimentally.  
 
The observational data were limited to a two year period in the middle of the study. The data may 
have underestimated gull movements within the surrounding area for two key reasons. Firstly, no 
corrections were applied to account for imperfect detection of birds. Secondly, by limiting 
observations to the period between 0800 and 1500 h, key movements of gulls to and from roost 
sites may have been missed during the summer and autumn. Underestimating bird activity within 
the area would lead to an underestimate of the number of collisions expected in the absence of 
avoidance behaviour, and consequently, the final derived avoidance rates would also be 
underestimated.  
 

Activity data were only collected between 206 and 2008 and only between turbines 5 and 9. As the 
mean annual collision rates relate to the whole of the study period, and to all 9 turbines, it is 
necessary to extrapolate activity data both temporally and spatially to derive a flux rate. Therefore, 
these data have not been included when deriving representative avoidance rates.  
 

A4.4 Blyth Offshore Windfarm  

 

Rothery, P., Newton, I. & Little, B. 2009. Observations of seabirds at offshore wind turbines near 
Blyth in northeast England. Bird Study, 56, 1-14 
 

Methods 

 

Visual observations 

Following the installation of the offshore turbines, observations of birds in the vicinity of the 
turbines were made on 177 occasions between 12 January and 30 August 2003, totalling almost 352 
hours of observation. Observations were made from the shore and distances and heights of flying 
birds were calibrated against objects of known size and fixed locations.  
 
Seasons / time of day 

 

Observations were made between January and August. Data collection was focussed on the period 
between 1130 and 1600, consequently, during the summer movements to and from breeding 
colonies may have been missed.  
 
Species  
 
Northern gannet (1.23 birds/hr), great cormorant (1 bird/hr), common scoter (0.96 birds/hr), 
common eider (2.77 birds/hr), black-headed gull (2.78 birds/hr), herring gull (4 birds/hr), great black-
backed gull (1.6 birds/hr), black-legged kittiwake (3.83 birds/hr), Sandwich tern (6.07 birds/hr). 
 
Conditions data collected under  
 
No details given. 
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Location / habitat  

 

Blyth, Northumberland, UK (offshore). 
 
Turbine / array specification 

 

Two turbines separated by 200 metres. Each turbine had a hub height of 59.4 m above mean sea-
level and a rotor diameter of 66 m. 
 
Results 

 

Throughout the study period, no collisions were recorded involving any of the species observed in 
the vicinity of the windfarm, reflecting a within-windfarm avoidance rate of 1.0000 for each species 
considered (Northern gannet, great cormorant, common scoter, common eider black-headed gull  
herring gull, great black-backed gull, black-legged kittiwake  and Sandwich tern). 
 
Assessment of methodology 

 

No corrections were applied to account for the imperfect detection of birds during the survey. 
Consequently, the true level of bird activity within the study area was likely to have been 
underestimated. Additionally, it was not possible to search for carcasses, meaning that inferences 
about avoidance behaviour can only be drawn from the failure of observers to detect a collision 
from a total of 352 hours of monitoring. Given the low probability of a collision occurring, and the 
levels of flight activity recorded, this outcome is unsurprising. It is also important to note that the 
size of the OWF was very small (two turbines) and therefore caution must be applied when 
considering how applicable these avoidance rates are for much bigger arrays. 
 
As insufficient observational data have been collected to record a collision, these data have not been 
included in those used to derive representative avoidance rates.  
 
A6.5 Boudwijnkanaal 

 

Everaert, J. 2008. Effecten van windturbines op de fauna in Vlaanderen: Onderzoeksresultaten, 

discussie en aanbevelingen. INBO, Brussels 
 
Everaert, J. & Kuikjen, E. 2007. Wind turbines and birds in Flanders (Belgium): Preliminary summary 

of the mortality research results. INBO, Brussels 

 

Everaert, J., Devos, K. & Kuijken, E. 2002. Windturbines en vogels in Vlaanderen: Voorlopige 

onderzoeksresultaten en buitenlandse beviningen. INBO, Brussels 
 
Methods 

 

Visual observations and fatality searches. 

 

Systematic fatality searches were carried out once every 14 days between 2001 and 2006. Searches 
were carried within a circular area, with a radius of 100 m, centred on each turbine. Corrections 
were applied to the data to account for imperfect detection and searcher efficiency.  
 
Observational data describing the number of birds passing the turbine hub were collected between 
September and December 2005 between turbines 8 and 14. The resultant data were used to 
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extrapolate the total number of birds likely to have passed the turbines over this period. 
Observational data are presented as a mean daily total collected during the period from two hours 
before dawn to four hours after dusk in October, reflecting a total of 17 hours of observations.  
 
Seasons / time of day 

 

Fatality data were collected throughout the year, behavioural data were collected between 
September and December. 
 
Species  
 
Gulls (1,075 birds/day). 
 
Conditions data collected under  
 
No details given. 
 
Location / habitat  

 

Boudwijnkanaal, Brugge, Belgium (terrestrial). 
 
Turbine / array specification 

 

A row of 14 turbines, each with a hub height of 55 m and a rotor diameter of 48 m.  Distance 
between turbines within each row is not described. 
 
Results 

 

Collisions involving gulls were recorded in each year of the study, with a minimum of 21.2 collisions 
occurring in 2001 when only five of the 14 turbines were operational and a maximum of 264.6 
collisions occurring in 2003, when all 13 turbines were operational. Behavioural data were only 
collected between September and December 2005 from between turbines 8 and 14. Extrapolating 
from these data to estimate the total number of collisions expected in each year in the absence of 
any avoidance action gives predictions of 550 collisions in 2001 using option 1 of the Band model, 
252 using option 2 and 227 using option 3, and 3,262 collisions in each year between 2002 and 2006 
using option 1, 1,497 using option 2 and 1,348 using option 3. Based on these analyses, within-
windfarm avoidance rates would have been 0.9615 in 2001, 0.9299 in 2002, 0.9189 in 2003, 0.9284 
in 2004, 0.9287 in 2005 and 0.9338 in 2006 using option 1. Using option 2, meso-micro avoidance 
rates would have been  0.9160, 0.8472, 0.8232, 0.8440, 0.8446 and 0.6990. Using option 3, meso-
micro-avoidance rates would have been 0.9067, 0.8302, 0.8037, 0.8268, 0.8273 and 0.6656 
respectively. 
 
However, bird activity was only recorded around turbines 8 and 14 in October 2001 and October 
2005. If we consider collisions recorded around these turbines in each of these time periods, the 
predicted number of collisions is 103 herring gulls in October 2001 and 145 black-headed gulls, 90 
herring gulls and 260 birds in total during October 2005. The actual number of collisions recorded 
was 1, 6, 4 and 11 respectively, reflecting avoidance rates of 0.9903, 0.9586, 0.9556 and 0.9577 
using option 1 of the Band model, 0.9789, 0.3658, 0.7865 and 0.8077 using option 2 of the Band 
model and 0.9765, 0.1886, 0.7629 and 0.7865 using option 3 of the Band model.   
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Assessment of methodology 

 

Fatality data have been collected on a regular basis and following a robust methodology. Corrections 
have been applied to these data to account for the imperfect detection of corpses due to scavenger 
behaviour and searcher efficiency.  
 
The observational data that have been collected are extremely limited. Data collection has been 
restricted to the September to December period in a single year. It is unclear how accurately this 
reflects bird movements within the windfarm over the rest of the study period. This may have a 
significant, but unquantifiable impact on the final, derived within-windfarm avoidance rates. In 
addition, it is unclear whether corrections have been applied to the observational data to account 
for the imperfect detection of birds.  
 
Using the overall data, it is necessary to make both spatial and temporal extrapolations to estimate 
the avoidance rates. For this reason, we only use the data collected around turbines 8-14 in October 
2001 and 2005 to derive representative avoidance rates.  
 
A6.6 Bouin 

 

Dulac, P. 2008. Evaluation de l’impact du parc eolian de Bouin (Vendee) sur l’avifaune et les chauves-

souris. Bilan de 5 anness de suivi. Ligue pour la Protection des Oiseaux, Nantes. 
 
Methods 

 

Visual observations and fatality searches. 

 

Weekly searches were carried out for corpses at the foot of turbines between 2002 and 2006. 
Searches were restricted to a 100 m2 box centred on each turbine. To aid searching, each box was 
divided into a grid with squares of 25 m2.  
 
Observational data were collected from four points, covering 1 km each. Each month a two hour 
count was made from each point, with a total of 474 hours of observational data collected from the 
site as a whole between 2002 and 2006.  
 
Seasons / time of day 

 

Data were collected throughout the year and protocols were designed so that full day was covered. 
 

Species  
 
Black-headed gull (16.23 birds/hr), herring gull (2.26 birds/hr), other gulls (2.09 birds/hr). 
 
Conditions data collected under  
 
The observational protocol was designed to collect data throughout the tidal cycle and in all weather 
conditions.  
 
Location / habitat 

 

Bouin, Baie de Bourgneuf, France (Coastal) 
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Turbine / array specification 

 

A single row of eight turbines, each with a hub height of 60 m and a diameter of 80 m. Distance 
between turbines within each row is not described. 
 
Results 

 

At this site, 30 gulls were recovered from turbine bases over the course of a four year study period. 
Of these, 28 were black-headed gulls, one was a yellow-legged gull and one was a Mediterranean 
gull. Using option 1 of the Band model, 584 black-headed gulls and 206 ‘other’ gulls were predicted 
to collide with the turbines, reflecting avoidance rates of 0.9520 and 0.9903 respectively. For option 
2, 483 and 354 birds were predicted to collide respectively, reflecting avoidance rates of 0.9421 and 
0.9943. For option 3, the corresponding figures were 237 and 251 birds predicted to collide 
reflecting avoidance rates of 0.8820 and 0.9920. No collisions were recorded for herring gulls, 
despite a predicted collision rate of 216 per annum, reflecting a within-windfarm avoidance rate of 1 
for options 1, 2 and 3 of the Band model.  
 
Assessment of methodology 

 

Fatality data were collected following a robust protocol, with corrections applied to account for birds 
lost to scavengers and search efficiency. The intensive nature of these searches, weekly over a four 
year period, is likely to mean that fatality rates were estimated with a high degree of accuracy. 
 
Observational data were collected over a four year period. However, no corrections were applied to 
account for imperfect detection. Consequently, bird activity in the area and the derived within-
windfarm avoidance rates were likely to have been underestimated.  
 
As activity data were a spatial and temporal match for the period over which collision data were 
collected, these data were included when estimating representative avoidance rates.  
 

A6.7 Buffalo Ridge 

 

Johnson, G.D., Erickson, W.P., Strickland, M.D., Shepherd, M.F., Shepherd, D.A. 2000. Avian 

Monitoring Studies at The Buffalo Ridge, Minnesota Wind Resource Area: Results of a 4-year study. 
Western EcoSystems Technology Inc., Wyoming. 
 

Methods 

 

Visual observations and fatality searches. 

 

Fatality searches were carried out within 126 m x 126 m plots, centred on 61 turbines. Searches 
were carried out every two weeks and observers covered the area by walking parallel transects 
separated by a distance of 6 m. This was combined with a series of large bird counts carried out 
every two weeks for a 0.8 km radius surrounding each of six observation stations. During each 
survey, two 30 minute observations were made, one in the morning and one in the afternoon. In 
total 70 hours of survey data were collected over the course of the study period.  
 
Seasons / time of day 

 

Fatality searches were carried out throughout the year. Large bird counts were carried out between 
0800 and 1600 h and restricted to the period from 15 March to 15 November. 
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Species  
 
Herring gull (0.1 birds/hour). 
 
Conditions data collected under  
 
No details given.  
 
Location / habitat  

 

Buffalo Ridge, Minnesota, U.S.A. (terrestrial). 
 
Turbine / array specification 

 

143 turbines arranged in 26 rows with between 100 m and 200 m between each turbine. Each 750 
kW turbine had a hub height of 50 m and a diameter of 48 m. 
 
Results 

 

At this site, one herring gull was recovered following collision with turbine. Across the study plots as 
a whole, the average rate at which herring gulls passed through the windfarm was 0.03 birds per 
hour, reflecting a total of 625 gull movements within the area over the two year study period. 
Assuming no avoidance behaviour, the total number of collisions expected would have been 3 using 
option 1 of the Band model, 5 under option 2 of the Band model and 5 under option 3 of the Band 
model. The collision rate of 1 bird over the study therefore indicates a within-windfarm avoidance 
rate of 0.6503 using option 1, 0.8149 using option 2 and 0.7923 using option 3.  
 
Assessment of methodology 

 

The methodology was generally sound with a well-structured search likely to detect all corpses 
within the study area. Corrections were made for both corpses removed by scavengers and also 
searcher efficiency. The large bird survey also followed a sound methodology, with corrections 
applied to account for imperfect detection. However, as observations were limited to 0800 to 1600 h 
and November to March, it is possible that they failed to detect daily or seasonally important gull 
movements. This may reflect the fact that raptors were the primary concern at this site.  
 
As it was necessary to extrapolate bird activity data spatially to estimate an avoidance rate, these 
data have not be included when deriving representative avoidance rates.  
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A6.8  De Put 

 

Everaert, J. 2008. Effecten van windturbines op de fauna in Vlaanderen: Onderzoeksresultaten, 

discussie en aanbevelingen. INBO, Brussels 
 
Everaert, J. & Kuikjen, E. 2007. Wind turbines and birds in Flanders (Belgium): Preliminary summary 

of the mortality research results. 
 
Methods 

 

Visual observations and fatality searches. 

 

Systematic fatality searches were carried out once every 14 days between April 2005 and March 
2006. Searches were carried within a circular area, with a radius of 100 m, centred on each turbine. 
No correction factors were used to account to scavengers or imperfect searcher efficiency.  
 
Observational data describing the number of birds passing within 100 m of the turbine hub were 
collected between January and February 2006, the period in which the corpses were recovered. The 
resultant data were used to estimate the total number of birds likely to have passed the turbines 
over this period. In total 18 hours of survey data were collected.  
 
Seasons / time of day 

 

Observational data were collected throughout the day during January and February 2006. 
 
Species  
 
Black-headed gull and common gull (3,186 during the study period). 
 
Conditions data collected under  
 
No details given. 
 
Location / habitat 

 

De Put, Nieuwkapelle, Belgium (terrestrial).  
 
Turbine / array specification 

 

A row of two turbines, each with a hub height of 75 m and a rotor diameter of 100 m. 
 
Results 

 

In January and February 2006, the corpses of two gulls, one common gull and one black-headed gull, 
were recovered. Based on the number of birds estimated to have passed through the windfarm 
during the study period, the combined number of collisions predicted in these two species would be 
19 using option 1 and none using options and 3. The two recorded collisions therefore reflect a 
micro-meso avoidance rate of 0.8928 for common and black-headed gulls using option 1, -9.1051 
using option 2 and -11.8383 using option 3.  
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Assessment of methodology 

 

Whilst fatality searches appear to have been relatively robust and intensive throughout the study 
period, no corrections were applied to account for the imperfect detection of corpses, either 
through searcher inefficiency or through loss to scavengers. This may have led to an underestimate 
of the total number of collision victims.  
 
Details of the methodology used to collect observational data of bird behaviour within the windfarm 
were sparse. In particular, no details were given of the length of observations used to collect data 
during the study. There also appears to have been no attempt to account for the imperfect detection 
of birds, meaning the total number passing through the study area may have been an 
underestimate. This, in turn would also mean that the final within-windfarm avoidance rate had 
been underestimated.  
 
As bird activity and collision data have been collected concurrently, these data have been included 
when deriving representative avoidance rates.  
 

A6.9 Gneizdzewo 

 

Zielinski, P., Bela, G. & Marchlewski, A. 2008. Report on monitoring of the wind farm impact on birds 

in the vicinity of Gniezdzewo (gmina Puck, pomorskie voivodeship) 

 

Zielinski, P., Bela, G. & Marchlewski, A. 2010. Report on monitoring of the wind farm impact on birds 

in the vicinity of Gniezdzewo (gmina Puck, pomorskie voivodeship) 
 
Zielinski, P., Bela, G. & Marchlewski, A. 2011. Report on monitoring of the wind farm near 

Gniezdzewo impact on birds (gmina Puck, pomorskie voivodeship) 

 

Zielinski, P., Bela, G. & Marchlewski, A. 2012. Report on monitoring of the wind farm near 

Gniezdzewo impact on birds (gmina Puck, pomorskie voivodeship) 

 

Methods 

 

Visual observations and fatality searches. 

 

Collision surveys were carried out in the autumns of 2008, 2010, 2011 and 2012 (September-
November). Corpse searches were carried out within 70 m radius of each turbine, on average every 
2-3 days.  
 
Over the same periods each year (mid-September – mid-November), activity surveys were carried 
out within the windfarm. Between 60 and 70 hours of observational data were collected each year, 
with observation sessions lasting up to 6 hours.  
 
Seasons / time of day 

 

Data were collected throughout the day during the autumn migration period in each year. 
 
Species  
 
Great cormorant (0.17-1.44 birds/hr), gulls (3.88-44.14 birds/hr), little gull (0.23 birds/hr),  common 
gull (0.57 -1.73 birds/hr), black-headed gull (0.51-4.94 birds/hr), herring gull (1.06-5.39 birds/hr). 
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Conditions data collected under  
 
All conditions 
 
Location / habitat  

 

Gniezdzewo, Poland (terrestrial). 
 
Turbine / array specification 

 

An array of 19 turbines arranged in four rows. Each turbine had a rotor diameter of 80 m and a hub 
height of 80 m. 
 
Results 

 

In the four autumns over which data have been collected, only a single collision involving a gull was 
recorded, a black-headed gull during the 2010 field season. No site specific flight height data were 
available, so it was necessary to use the distributions presented in Johnston et al. (2014a) and option 
2 of the Band Model to estimate avoidance rates. In the 2010 field season, 460 black-headed gulls 
were predicted to have passed through the windfarm, with a predicted collision rate of 0.2 birds. 
The avoidance rate for black-headed gulls during autumn 2010 would, therefore, have been –3.9524, 
suggesting that a significant number of birds were attracted to the rotor swept area of the turbine. 
Using option 3 of the Band model, the collision rate was predicted to be 0.1 birds, reflecting a 
within-windfarm avoidance rate of -8.9238. However, it should be noted that this collision rate is 
based on a relatively low number of birds passing through the windfarm and as a result may be 
unreliable. The unusual nature of this result is confirmed as in three additional years of monitoring, 
no black-headed gull collisions were recorded, despite often higher levels of flight activity. The 
avoidance rate for cormorants and all other gull species in all years would have been 100%.  
 
Assessment of methodology 

 

The search for collision victims has been robust, with specially trained dogs used to increase 
detection. However, no corrections have been applied to account for birds lost to scavengers, 
potentially meaning the collision rates have been under-estimated.  
 
No correction has been applied to the activity surveys to account for the imperfect detection of 
birds. As a consequence, the total number of birds passing through the area, and therefore 
potentially the final avoidance rates, may be under-estimated.  
 
As collision and activity data were collected concurrently, from the windfarm as a whole, throughout 
the study period, they have been included when deriving representative avoidance rates.  
 
A6.10 Greater Gabbard 

 

RPS. 2011. Galloper Wind farm Project Environmental Statement – Technical Appendices 2: Appendix 

4: Greater Gabbard post-construction vantage point surveys, RPS, Glasgow 
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Methods 

 

Visual observations 

 

Two surveyors collected data from 180˚ arcs to the port and starboard sides of a stationary vessel 
within Greater Gabbard Offshore Windfarm. Each arc had a radius of 2 km and all birds entering 
each arc were recorded during snapshot counts taken every 15 seconds. The location of the boat 
and the viewing area, which covered a total of 15.9 km2, included seven operational turbines and a 
total of 36 hours of data were collected during the survey. The flight paths of each bird within the 
viewing area were noted, as was the proportion of time each bird spent at different heights. 
 
Seasons / time of day 

 

Data were collected between 1st June 2011 and 28th July 2011, with each survey lasting four hours. 
 
Species  
 
Northern gannet (0.14 birds/hr), Arctic skua (0.03 birds/hr), lesser black-backed gull (3.69 birds/hr), 
herring gull (0.11 birds/hr), black-legged kittiwake (1.28 birds/hr). 
 
Conditions data collected under  
 
Conditions were limited to sea-states one and two, to ensure the vessel remained as a stable 
observation platform. 
 
Location / habitat  

 

Greater Gabbard, UK (offshore). 
 
Turbine / array specification 

 

The survey monitored seven operational turbines, each with a hub height of 77.5 m and a rotor 
diameter of 107 m. 
 
Results 

 

The predicted number of collisions, in the absence of avoidance behaviour, within the 36 hour study 
period would have been less than 1 bird from each species. However, no collisions were recorded 
reflecting an avoidance rate of 1.000 for all species over the course of the study period.  
 
Assessment of methodology 

 

No corrections were applied to account for the imperfect detection of birds during the survey. 
Consequently, the true level of bird activity within the study area is likely to have been 
underestimated. Additionally, it was not possible to search for carcasses, meaning inferences about 
avoidance behaviour can only be drawn from the failure of observers to detect a collision with 36 
hours of monitoring. Given the low probability of a collision occurring, and the levels of flight activity 
recorded, this outcome is unsurprising.  
 
Given the limited data collection during the study period, these data have not been included when 
deriving representative avoidance rates.   
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A6.11 Groettocht 

 
Krijgsveld, K.L., Akershoek, K., Schenk, F., Dijk, F. & Dirksen, S. 2009. Collision risk of birds with 
modern large wind turbines. Ardea 97: 357-366. 
 

Methods 

 

Radar observations and fatality searches. 

 

Fatality searches were carried out within a 100 m radius around each turbine every 2-3 days. 
Searches were carried out by walking parallel transects, each separated by 4-6 m. Searches were 
carried out between October and December 2004. 
 
Flight movements were quantified using a 12 kW x-band marine surveillance radar overnight 
between 1800 and 0700 h on 20 October 2004, 22 November 2004 and 22 December 2004, and the 
number of radar echoes up to 140 m (the maximum turbine height) were estimated as a measure of 
flux through the windfarm area.  
 
Seasons / time of day 

 

Resultant data reflect overnight collision rates of birds between October and December 2004.  
 
Species  
 
Key movements recorded included gulls travelling between Lake Ijsselmeer and a nearby roost site 
around dusk and dawn. However, amongst the five corpses encountered, there were only two gull 
carcasses, a common gull and a herring gull. 
 
Conditions data collected under  
 
Not specified. 
 
Location / habitat  

 

Agricultural area in the Netherlands. 
 
Turbine / array specification 

 

The array consists of a single line of seven turbines, each separated by 285 m. Turbines have a hub 
height of 78 m and a rotor diameter of 66 m. However, only the areas under five turbines were 
searched for carcasses.  
 
Results 

 

The average flux of birds through the area was 370 birds/km/hr, reflecting a movement of 873,534 
birds through the study period as a whole. Site specific flight height data were not available for the 
site, so it was necessary to use the distributions presented in Johnston et al. (2014a) to estimate the 
proportion of birds at collision risk height, and option 2 of the Band model to estimate predicted 
collision numbers. In total, the remains of five birds (one herring gull, one common gull, one 
redwing, two unidentified species) were retrieved. Given that it is not possible to relate the radar 
tracks to individual species, we calculated the probability of collision based on a bird with the 
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characteristics of first a herring gull, giving a predicted collision rate of 2131 birds over the study 
period, and an overall avoidance rate of 0.9991 based on option 2 and a collision rate of 1648 birds 
over the course of the study, with an avoidance rate of 0.9988 using option 3.  
 
Assessment of methodology 

 

The total collision rate may be an underestimate as the initial searching rate of once every three 
days was lowered to once every two days following the outcome of depredation tests. However, all 
corpses present were likely to be discovered as only turbines where the surrounding vegetation type 
and height were searched for remains. With the exception of concerns over the depredation rate, 
the fatality searches were robust.  
 
Flux rates were estimated using x-band radar, with the considerable disadvantage that it cannot be 
used to estimate the flux rates of different species. As a consequence, using individual species 
collision rates to estimate an avoidance rate may have led to an inaccurate estimate of the true 
value. In addition, as a single radar echo may represent multiple birds, there was a considerable risk 
that the true movement of birds through the area was underestimated and that, therefore, the 
overall avoidance rate was also underestimated.  
As it was necessary to extrapolate activity data both spatially and temporally to estimate the 
avoidance rates, these data have not been used to derive representative avoidance rates.  
 
A6.12 Haverigg 

 

RPS. 2011. Galloper Wind farm Project Environmental Statement – Technical Appendices 2: Appendix 

3: Information on gull flight behaviour at operational wind farms and the estimation of avoidance 

rates for use in the Band Collision Risk Model, RPS, Glasgow. 
 
Methods 

 

Visual observations 

 

In July and August 42 hours of vantage point surveys were carried out at Haverigg Windfarm 
following the standard SNH vantage point methodology (SNH 2010). 
 
Seasons / time of day 

 

Surveys were carried out in July and August. 
 
Species  
 
Gulls (19.90 birds/hr). 
 
Conditions data collected under  
 
Not stated. 
 
Location / habitat  

 

Haverigg Windfarm, Cumbria, UK (terrestrial). 
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Turbine / array specification 

 

Haverigg Windfarm consists of two groups of four turbines. The first four turbines have a hub height 
of 45 m and a rotor diameter of 42 m, whilst the remaining four, larger, turbines have a rotor 
diameter of 52 m.  
 
Results 

 

During 42 hours of vantage point observations, a total of 836 gulls, mostly herring and lesser black-
backed gulls were recorded entering the windfarm at a rate of 19.90 birds/hr. However, during the 
observation periods, no collisions were recorded, reflecting an avoidance rate of 1 over the course of 
the study period under options 1,2 and 3 of the Band model.  
 
Assessment of methodology 

 

The evidence provided by the survey is limited as no corpse searches were carried out in the area 
surrounding the windfarm. Whilst 42 hours of survey effort were carried out, no collisions were 
recorded. However, given the likely rarity of collisions occurring, this is unsurprising. Furthermore, 
the levels of flight activity within the windfarm are likely to have been underestimated as no 
correction was made for the imperfect detection of birds.  
 
As insufficient monitoring data have been collected to observe collisions, these data have not been 
included when deriving representative avoidance rates.  
 
A6.13 Hellrigg 

 

Percival, S. 2012. Hellrigg Wind farm: Goose Refuge Monitoring Report Winter 2011-12, Ecology 
Consulting, Durham 
 

Percival, S. 2013. Hellrigg Wind farm: Goose Refuge Monitoring Report Winter 2012-13, Ecology 
Consulting, Durham 
 

Methods 

 

An area covered by a 100 m radius around the base of each turbine was searched between 
December and March in the winters of 2011/12 and 2012/13 on a weekly basis. Searches were 
carried out slowly and carefully, with particular care taken over areas containing large clumps of 
vegetation. The locations of each corpse were carefully noted, and each was left in place to provide 
information about decay rates and detectability.   
 

Bird activity data were collected through vantage point surveys from a single point following 
standard SNH guidance. The flight lines of each species were noted and flight altitudes estimated. In 
total 38 hours of flight observations were collected in this way each winter.  
 

Seasons / time of day 

 

Data were collected between December and March each year, with effort made to cover dawn and 
dusk movements of birds as well as general daytime movements of birds.  
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Species  
 
Common gull (8.47 birds/hr in 2011/12 and 507.17 birds/hr in 2012/13), lesser black-backed gull (0.3 
birds/hr in 2011/12 and 0.41 birds/hr in 2012/13), herring gull (3.71 birds/hr in 2011/12 and 72.49 
birds/hr in 2012/13), great black-backed gull (0.05 birds/hr in 2011/12 and 0.49 birds/hr in 2012/13), 
black-headed gull (4.79 birds/hr in 2011/12 and 131.48 birds/hr in 2012/13) 
 
Conditions data collected under  
 
Not stated. 
 
Location / habitat  

 

Hellrigg windfarm, onshore.  
 

Turbine / array specification 

  

An array of four turbines with a hub height of 80 m and a rotor diameter of 82 m.  
 

Results 

A single collision involving a herring gull was recorded in 2011/12. Based on the passage rate of 3.71 
birds/hr, 13 collisions would have been expected in the absence of avoidance behaviour based on 
option 1 of the band model, 3 collisions based on option 2 of the Band model and 2 collisions based 
on option 3 of the Band model. This reflects avoidance rates of 0.9209, 0.6635 and 0.5133 
respectively.  
 

Assessment of methodology 

 

Analysis of the length of time corpses remained at the site, suggested that the mean time to 
disappearance was 22 days, well in excess of the 7 day search intervals. In combination with the 
systematic and methodical searches carried out at the site, this suggests it is unlikely any corpses 
went undetected.  
 
Bird activity data were collected following standard SNH vantage point methodology. However, as 
no correction was made for imperfect detection, the levels of flight activity at the site and, 
therefore, the overall avoidance rates, may have been underestimated.  
 
As mortality and activity data were collected concurrently at the site, following robust 
methodologies, these data were used when deriving representative avoidance rates.  
  

A6.14 Keewaunee County 

 

Howe, R.W., Evans, W. & Wolf, A.T. 2002. Effects of Wind Turbines on Birds and Bats in Northeastern 

Wisconsin. Report to Wisconsin Public Service Corporation and Madison Gas and Electric Company. 
 
Methods 

 

Visual observations and fatality searches. 

 

Intensive searches were carried out between July 1999 and July 2001. Searches were carried out at 
least once a week. Surveyors visited a 60 m x 60 m area centred on each of the turbines a covered a 
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series of nine 60 m transects in each. These searches were complemented by a series of 3,214 3 
minute short counts carried out on 160 dates between 1998 and 2001, to estimate the number of 
birds within the area. 
 
Seasons / time of day 

 

Surveys were carried out between June and November, with a bias towards data collection during 
the morning. 
 
Species  
 
Herring gull (0.012 birds/hour), Franklin’s gull (0.019 birds/hour), ring-billed gull (1.589 birds/hour). 
 
Conditions data collected under  
 
No details given.  
 
Location / habitat  

 

Keewaunee County, Wisconsin, U.S.A. (terrestrial). 
 
Turbine / array specification 

 

31 turbines with a hub height of 65 m and a rotor diameter of 47 m, within three clusters of 8, 9 and 
14 turbines. Distance between turbines within each row is not described. 
 
Results 

 

At this site, one herring gull was recovered following collision with turbine. Across the study region 
as a whole, the average rate at which herring gulls passed through the area was 0.012 birds per 
hour, reflecting a total of 131 gull movements within the area over the two year study period. No 
site specific flight height data were available, meaning it was necessary to use the flight height 
distributions presented in Johnston et al. (2014a) and option 2 of the Band model. Assuming no 
avoidance behaviour, no collisions would have been expected under options 2 or 3 of the Band 
model. The collision rate of 1 bird over the study therefore indicates a within-windfarm avoidance 
rate of -12.0935 using option 2 and -13.5238 using option 3.  
 
Assessment of methodology 

 

The methodology was generally sound with a well-structured search likely to detect all corpses 
within the study area. Corrections were made for both corpses removed by scavengers and also 
searcher efficiency. However, no corrections were made to account for imperfect detectability 
during the bird surveys. 
 
As it was necessary to extrapolate bird activity data spatially to estimate avoidance rates, these data 
have not been used to derive representative avoidance rates.  
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A6.15 Kessingland Windfarm 

 

Wild Frontier Ecology. 2013. Kessingland Wind farm Annual Post-construction Monitoring Report 

Year 2. Wild Frontier Ecology, Norfolk. 
 

Methods 

 

Visual observations and fatality searches. 

 

Fatality searches were undertaken around the bases of each turbine on nine occasions between 
November 2012 and March 2013. Surveyors walked a series of transects, separated by 10 m, within 
65 m of the turbine base to search for corpses. A corpse correction factor of 1.79 was applied to 
account for corpses removed by scavengers.  
 
Bird activity was monitored within the windfarm through nine two-hour vantage point surveys at 
each turbine carried out between November 2012 and March 2013. In total 36 hours of survey effort 
was completed throughout the study period.  
 
Seasons / time of day 

 

Data collection was carried out over winter 2012/13, between November and March. Surveys were 
carried out for two hour periods between 0800 and 1500 h.  
 
Species  
 
Black-headed gull (48.5 birds/hr), common gull (15.69 birds/hr), lesser black-backed gull (5.5 
birds/hr), herring gull (28.36 birds/hr), great black-backed gull (0.14 birds/hr). 
 
Conditions data collected under  
 
No details given. 
 
Location / habitat  

 

Kessingland, Suffolk, UK (terrestrial). 
 
Turbine / array specification 

 

Two turbines with hub heights of 80 m and rotor diameters of 92 m.  Distance between turbines 
within each row is not described. 
 
Results 

 

Black-headed, common, lesser black-backed, herring and great back-backed gulls were recorded 
within the study area at varying frequencies. Three gulls were found to have collided with the 
turbines – one black-headed gull, one common gull and one herring gull. After applying corpse 
correction factors, these estimates were revised to 1.79 birds of each species. No site specific flight 
height data were available, so it was necessary to use the modelled flight height distributions 
presented in Johnston et al. (2014a) and option 2 of the Band model. Given the number of birds 
likely to have passed through the windfarm during the study period, the predicted collision numbers 
would have been 28, 21 and 76 respectively. Using option 2, the avoidance rate for black-headed 
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gull would therefore be 0.9367, for common gull it would be 0.9147 and for herring gull it would be 
0.9764. Using option 3, the expected collision rates were 13, 12 and 51 respectively, reflecting 
avoidance rates of 0.8664, 0.8505 and 0.9647. No collisions were recorded involving lesser or great 
black-backed gulls, reflecting avoidance rates of 1.000 for these species.  
 
Assessment of methodology 

 

The fatality searches appear to have been robust, with corpse correction factors applied to account 
for loss of corpses to scavengers. However, during vantage point surveys, no corrections were 
applied to account for imperfect detection. As a result, bird activity within the area was likely to be 
underestimated, and therefore, the final, derived avoidance rates were also likely to be 
underestimated. 
 
As collision and bird activity data were collected concurrently over the same area, these data were 
included when deriving representative avoidance rates.  
 
A6.16 Kleine Pathoweg 

 

Everaert, J. 2008. Effecten van windturbines op de fauna in Vlaanderen: Onderzoeksresultaten, 

discussie en aanbevelingen. INBO, Brussels 
 
Everaert, J. & Kuikjen, E. 2007. Wind turbines and birds in Flanders (Belgium): Preliminary summary 

of the mortality research results. 
 

Methods 

 

Throughout 2005 and 2006, an area covered by a 100 m radius around the base of each turbine was 
searched for collision victims once every 2 weeks. Correction factors were applied to the resultant 
data to account for searcher efficiency and the removal of corpses by scavengers.  
 
Between September and December 2005, bird activity data were collected between turbines 3 and 
7. Data were collected from 2 hours before sunrise to 4 hours after sunset and presented as an 
average number of birds/day – reflecting an average of 16 hours of survey effort over this period.  
 

 

Seasons / time of day 

 

Bird activity data were collected between September and December, from 2 hours before sunrise to 
4 hours after sunset.  
 

Species  
 
Black headed gulls (345 birds/day), ‘large’ gulls (327 birds/day).  
 
Conditions data collected under  
 
Not stated.  
 
Location / habitat  

 

Kleine Pathoweg (Belgium), terrestrial.  
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Turbine / array specification 

 

A line of 7 turbines, each separated by 280 m. Turbines had a hub height of 85 m and a rotor 
diameter of 70 m.  
 

Results 

 

In 2005, 240.9 gulls were believed to have collided with turbines once corrections had accounted for 
imperfect corpse detection. In 2006, this figure was 220.3. Based on a passage rate of 42 birds per 
hour, in 2005 these figures reflect an avoidance rate of 0.8795 using option 1 of the Band model, -
0.2529 using option 2 of the Band model and -0.6887 using option 3 of the Band model. In 2006, 
these figures reflect an avoidance rate of 0.8898 using option 1 of the Band model, -0.1458 using 
option 2 of the Band model and -0.5443 using option 3 of the Band model.  
 

Assessment of methodology 

 
Fatality data have been collected on a regular basis and following a robust methodology. Corrections 
have been applied to these data to account for the imperfect detection of corpses due to scavenger 
behaviour and searcher efficiency.  
 
The observational data that have been collected are extremely limited. Data collection has been 
restricted to the September to December period in a single year. It is unclear how accurately this 
reflects bird movements within the windfarm over the rest of the study period. This may have a 
significant, but unquantifiable impact on the final, derived within-windfarm avoidance rates. In 
addition, it is unclear whether corrections have been applied to the observational data to account 
for the imperfect detection of birds.  
 
As it has been necessary to make spatial and temporal extrapolations to estimate avoidance rates, 
these data have not been used when deriving representative avoidance rates.  
 
A6.17 Oosterbium 

 

Methods 

 
Visual observations and fatality searches. 

 
Searches were carried out within a 50 m radius of the base of each turbine in autumn 1990 and 
spring 1991. Searches were carried out on 25 days in the spring and 40 days during autumn. All 
corpses were assessed in order to determine the cause of death and identify those killed by turbines. 
Corrections were applied to the data to account for searcher efficiency and scavenger activity. 
 
Bird activity within the windfarm and a surrounding 500 mm buffer was assessed during spring 1991 
and autumn 1990. These activity levels were used to extrapolate the number of bird-days spent 
within the windfarm for each species or group of species.  
 

Seasons / time of day 

 

Data covered both the nocturnal and diurnal movements of birds in the spring and autumn.  
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Species  
 
Gulls (158,600 bird days, autumn 1990; 43,800 bird days, spring 1991). 
 
Conditions data collected under  
 
No details given.  
 
Location / habitat  

 

Oosterbierum, Netherlands (terrestrial) 
 

Turbine / array specification 

 
A cluster of 18 turbines with hub heights of 35 m and a rotor diameter of 30 m, situated within 55 
hectares of farmland.  Distance between turbines within each row is not described. 
 

Results 

 
Gulls were recorded within the area more commonly during the autumn than the spring. However, 
the number of collisions was greatest during the spring, when 37 corpses were recovered in 
comparison to 12 in the autumn. No site specific flight height data were available so it was necessary 
to use the modelled distributions presented in Johnston et al. (2014a) and option 2 of the Band 
model. During the autumn, the predicted number of collisions in the absence of avoidance was 883 
birds. Therefore, the 12 collisions recorded during the autumn reflects a meso-micro avoidance rate 
of 0.9864. Using option 3, the predicted number of collisions was 846, reflecting a meso-micro 
avoidance rate of 0.9858. During the spring, the predicted number of collisions in the absence of 
avoidance was 244 using option 2 and 234 using option 3. Therefore, the 37 collisions recorded 
during the spring reflects a meso-micro avoidance rates of 0.8483 and 0.8417 respectively. 
 

Assessment of methodology 

 

Fatality searches were carried out intensively throughout the spring and autumn seasons. They 
followed a robust methodology with corrections made for both searcher efficiency and scavenger 
activity.  
 
Activity data were collected throughout the period covered by the fatality searches. However, it 
appears no corrections were made to the data to account for imperfect detection, meaning activity 
levels in the area may have been underestimated. As a consequence, the number of collisions 
predicted in the absence of avoidance, and therefore the derived avoidance rate would also have 
been underestimated.  
 
As activity and mortality data were collected concurrently and no spatial extrapolation was 
necessary, these data were used when deriving representative avoidance rates.  
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A6.18 Waterkapptocht 

 

Krijgsveld, K.L., Akershoek, K., Schenk, F., Dijk, F. & Dirksen, S. 2009. Collision risk of birds with 
modern large wind turbines. Ardea 97, 357-366. 
 

Methods 

 

Radar observations and fatality searches. 

 

Fatality searches were carried out within a 100 m radius around each turbine every 2-3 days. 
Searches were carried out by walking parallel transects, each separated by 4-6 m. Searches were 
carried out between October and December 2004. 
 
Flight movements were quantified using a 12 kW x-band marine surveillance radar overnight 
between 1800 and 0700 h on 18 October 2004, 17 November 2004 and 20 December 2004, and the 
number of radar echoes up to 140 m (the maximum turbine height) were estimated as a measure of 
flux through the windfarm area.  
 
Seasons / time of day 

 

Resultant data reflect overnight collision rates of birds between October and December 2004.  
 
Species  
 
Key movements recorded included gulls travelling between Lake Ijsselmeer and a nearby roost site 
around dusk and dawn. However, amongst the seven corpses encountered, there was only a single 
gull carcass, that of a black-headed gull. 
 
Conditions data collected under  
 
Not specified. 
 
Location / habitat  

 

Agricultural area in the Netherlands. 
 
Turbine / array specification 

 

The array consists of a single line of eight turbines, each separated by 300 m, with a larger 1 km gap 
between turbines 4 and 5. Turbines have a hub height of 78 m and a rotor diameter of 66 m. 
However, only the areas under five turbines were searched for carcasses.  
 
Results 

 

The average flux of birds through the area was 251 birds/km/hr, reflecting a movement of 1,195,011 
birds through the study period as a whole. In total, the remains of seven birds (one common 
pheasant, one oystercatcher, one black-headed gull, one skylark and two goldcrests) were retrieved. 
No site specific flight height data were available, so it was necessary to use the modelled 
distributions presented in Johnston et al. (2014a) and option 2 of the Band model. Given that it was 
not possible to relate the radar tracks to individual species, we calculated the probability of collision 
based on a bird with the characteristics of a black-headed gull, giving a predicted collision rate of 
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1,446 birds over the study period, and an overall avoidance rate of 0.9952. Using option 3, the 
predicted number of collisions was 1,118 birds, reflecting an overall avoidance rate of 0.9937.  
 
Assessment of methodology 

 

The total collision rate may have been an underestimate as the initial searching rate of once every 
three days was lowered to once every two days following the outcome of depredation tests. 
However, all corpses present were likely to be discovered as only turbines where the surrounding 
vegetation type and height were searched for remains. With the exception of concerns over the 
depredation rate, the fatality searches were robust.  
 
Flux rates were estimated using x-band radar, with the considerable disadvantage that it cannot be 
used to estimate the flux rates of different species. As a consequence, using individual species 
collision rates to estimate an avoidance rate may lead to an inaccurate estimate of the true value. In 
addition, as a single radar echo may represent multiple birds, there was a considerable risk that the 
true movement of birds through the area was underestimated and that therefore the overall 
avoidance rate has also been underestimated.  
 
As it was necessary to make temporal and spatial extrapolations with these data, they were not used 
to derive representative avoidance rates.  
 
A6.19 Yttre Stengrund/Utgrunden Offshore Windfarm 

 

Petterson, J. 2005. The impact of Offshore Wind farms on Bird Life in Southern Kalmar Sound, 

Sweden: A final report based on studies 1999-2003. Lund University. 
 
Methods 

 

Visual observations 

 

Field data were collected from three observation points located within the Southern Kalmar Sound – 
Eckelsudde in Oland in the east of the observation area, Olsang in the west of the observation area 
and Utgrunden Lighthouse in the centre of the Sound of Kalmar. The observation points made it 
possible to cover the whole of the Sound of Kalmar, including both windfarm sites. The sound was 
divided into four 5 km zones, each of which was further subdivided into 1-2 km wide zones. The 
observation point at Olsang covered the first of these 5 km zones, the Utgrunden Lighthouse 
covered the second and third 5 km zones and the Eckelsudde observation point, the fourth. 
Observers recorded to the exact minute the location of all flocks of migrating waterbirds they 
encountered, so that data could be combined into a single dataset at a later date.  
 
Seasons / time of day 

 

Data were collected throughout the spring (22 March to 8 April) and autumn (6 to 28 October) 
migration periods between 2001 and 2003. 
 
Species  
 
Conditions data collected under  
 
All conditions. 
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Location / habitat  

 

Southern Kalmar Sound, Sweden (offshore). 
 
Turbine / array specification 

 

Five 2 MW turbines with a hub height of 60 m and a rotor diameter of 72 m at Yttre Stengrund.  
 
Seven 1.5 MW turbines with a hub height of 65 m and a rotor diameter of 70 m at Utgrunden.  
Distance between turbines within each row is not described. 
 
Results 

 

No collisions were recorded amongst any species during the spring migration periods, reflecting an 
avoidance rate of 1. Not site specific flight height data were available at this site, so it was necessary 
to use the modelled distributions presented in Johnston et al. (2004). A single collision event was 
recorded involving four common eider during autumn 2003, reflecting an avoidance rate of 0.1861 
using option 2 of the Band model and -0.1098 using option 3. No other collisions were recorded 
amongst other species, again indicating an avoidance rate of 1.  
 
Assessment of methodology 

 

Methodology is sound with careful calibration of estimates of distance between observers and co-
ordination of counts to minimise double-counting. However, there was no correction applied to 
account for imperfect detection, meaning the total number of birds may have been under-
estimated.  
 
As insufficient data have been collected to detect a collision amongst any of the priority species, 
these data have not been used to derive representative avoidance rates.  
 
A6.20 Zeebrugge 

 

Everaert, J. 2008. Effecten van windturbines op de fauna in Vlaanderen: Onderzoeksresultaten, 

discussie en aanbevelingen. INBO, Brussels 
 
Everaert, J. & Kuikjen, E. 2007. Wind turbines and birds in Flanders (Belgium): Preliminary summary 

of the mortality research results. INBO, Brussels 

 

Everaert, J. & Stienen, E.W.M. 2007. Impact of wind turbines on birds in Zeebrugge (Belgium) 
Significant effect on breeding tern colony due to collisions. Biodiversity and Conservation, 16, 3345-
3359 
 

Everaert, J., Devos, K. & Kuijken, E. 2002. Windturbines en vogels in Vlaanderen: Voorlopige 

onderzoeksresultaten en buitenlandse beviningen. INBO, Brussels 
 

Methods 

 

Visual observations and fatality searches. 

 

Between 2001 and 2007 systematic fatality searches were carried out within a 50 m radius around 
the base of turbines on a fortnightly basis, increasing to 3-4 times a week during the breeding 
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season. Every turbine was searched, and corrections were made to account for searcher efficiency 
and scavenger activity.  
 

An initial set of bird activity surveys were carried out at the site in 2000 and 2001. Bird activity within 
a 400 m section of the breakwater was monitored on four days between June and July in 2000 and 
2001, with eight days data collected in total. An additional four days of monitoring were carried out 
on four days and two nights between September and October 2001. 
 
In June 2004 and 2005, a second set of bird activity were carried out. In each year, two full days of 
monitoring data were collected covering the period from dawn to dusk. During this period, data 
were collected between turbines 7 and 12, covering a 720 m section of the breakwater.  
 

Seasons / time of day 

 

Fatality searches were carried out throughout the year. Activity surveys were limited to the breeding 
season and autumn. Data were collected throughout the day between dawn and dusk, with 
additional nocturnal surveys carried out during the autumn.  
 

Species 
 
Gulls (234 birds/day), Little Tern (375-1,860 birds/day), Common Tern (4,228-10,263 birds/day), 
Sandwich Tern (11-12,334 birds/day). 
 
Conditions data collected under  
 
No details given. 
 
Location / habitat  

  

Zeebrugge, Belgium (Coastal) 
 

Turbine / array specification 

 

25 turbines arranged along Zeebrugge Harbour breakwater. Turbines vary in size from hub heights of 
23-55 m and rotor diameters of 22-48 m. Details of collisions at individual turbines are not given, so 
avoidance rates are estimated assuming turbines with a hub height of 34 m and rotor diameter of 34 
m, the most common turbine within the windfarm.  Distance between turbines within each row is 
not described. 
 

Results 

 

Collisions were recorded in every year. For Sandwich terns, collisions varied from seven to 54 birds 
per year. Using option 1 of the Band model, the estimated number of collisions per year, in the 
absence of avoidance behaviour, varied from 6,383 birds to 10,299, 8,024 to 10,326 using option 2 
and 5,984 to 8,035 using option 3. The meso-micro avoidance rates derived from the values are 1 
between 2001 and 2003, 0.9915 in 2004, 0.9972 in 2005, 0.9992 in 2006 and 0.9993 in 2007 using 
option 1, and 1 between 2001 and 2003, 0.9948 in 2004, 0.9963 in 2005, 0.9989 in 2006 and 0.9991 
in 2007 using option 2. Using option 3, the avoidance rates are 1 between 2001 and 2003, 0.9933 in 
2004, 0.9952 in 2005, 0.9986 in 2006 and 0.9989 in 2007. Collision data were also obtained relating 
to June 2004 and June 2005, the periods in which bird activity data were collected and relating to 
only the turbines around which activity was monitored. In both years, 3 Sandwich terns were 
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observed to have collided between turbines 7-12 in June. Given passage rates of 896 birds/hr in June 
2004 and 725 birds/hr in June 2005, this reflects an avoidance rate in 2004 of 0.9895 using option 1 
of the Band model, 0.9935 using option 2 of the Band model and 0.9917 using option 3 of the Band 
model. In 2005, the corresponding values are 0.9940, 0.9920 and 0.9897.  
 
For little terns, collisions varied from two to 12 birds per year. Using option 1 of the Band model, the 
estimated number of collisions per year, in the absence of avoidance behaviour, varied from 990 
birds to 1,087, 165 to 838 using option 2 and 128 to 650 using option 3. The meso-micro avoidance 
rates derived from the values are 0.9923 in 2001, 0.9914 in 2002, 0.9904 in 2003, 0.9950 in 2004, 
0.9982 in 2005, 0.9963 in 2006 and 0.9890 in 2007 using option 1, and 0.9516 in 2001, 0.9455 in 
2002, 0.9395 in 2003, 0.9940 in 2004, 0.9884 in 2005, 0.9768 in 2006 and 0.9304 in 2007 using 
option 2. Using option 3, the avoidance rates were 0.9516 in 2001, 0.9455 in 2002, 0.9395 in 2003, 
0.9940 in 2004, 0.9884 in 2005, 0.9768 in 2006 and 0.9304 in 2007. Not little tern collisions were 
recorded in the June 2004 and 2005 data relating to turbines 7-12.  
 
For common terns, collisions varied from 12 to 164 birds per year. Using option 1 of the Band model, 
the estimated number of collisions per year, in the absence of avoidance behaviour, varied from 
4,503 birds to 6,869,  2,475 to 6,530 using option 2 and 1,931 to 5,094 using option 3. The meso-
micro avoidance rates derived from the values are 0.9970 in 2001, 0.9977 in 2002, 0.9951 in 2003, 
0.9758 in 2004, 0.9812 in 2005, 0.9761 in 2006 and 0.9834 in 2007 using option 1, and 0.9919 in 
2001, 0.9939 in 2002, 0.9871 in 2003, 0.9833 in 2004, 0.9501 in 2005, 0.9365 in 2006 and 0.9559 in 
2007 using option 2. Using option 3, meso-micro avoidance rates were 0.9896 in 2001, 0.9922 in 
2002, 0.9834 in 2003, 0.9786 in 2004, 0.9360 in 2005, 0.9186 in 2006 and 0.9434 in 2007. Collision 
data were also obtained relating to June 2004 and June 2005, the periods in which bird activity data 
were collected and relating to only the turbines around which activity was monitored. In 2004 6 
common terns were observed to have collided between turbines 7-12 in June, in 2005, this figure 
was 9. Given passage rates of 603 birds/hr in June 2004 and 248 birds/hr in June 2005, this reflects 
an avoidance rate in 2004 of 0. 9703 using option 1 of the Band model, 0.9796 using option 2 of the 
Band model and 0.9738 using option 3 of the Band model. In 2005, the corresponding values are 
0.9720, 0.9255 and 0.9045. 
 
For gulls, collisions varied from 110 to 354 birds per year. Using option 1 of the Band model, the 
estimated number of collisions per year, in the absence of avoidance behaviour, varied from 2,334 
birds to 2,537, 2,856 to 3,104 using option 2 and 2,698 to 2,932 using option 3. The meso-micro 
avoidance rates derived from the values are 0.8979 in 2001, 0.8481 in 2002, 0.8817 in 2003, 0.9105 
in 2004, 0.9173 in 2005, 0.9547 in 2006 and 0.9092 in 2007 using option 1, and 0.9166 in 2001, 
0.8758 in 2002, 0.9033 in 2003, 0.9268 in 2004, 0.9324 in 2005, 0.9630 in 2006 and 0.9258 in 2007 
using option 2. Using option 3 meso-micro avoidance rates were 0.9117 in 2001, 0.8686 in 2002, 
0.8976 in 2003, 0.9226 in 2004, 0.9285 in 2005, 0.9608 in 2006 and 0.9214 in 2007.  
 
Data were also obtained relating to black-headed, lesser black-backed and herring gull collisions in 
June-July 2000, June-July 2001 and September-October 2001, periods corresponding to the times 
during which gull activity data were collected and restricted to the turbines around which gull data 
were collected. No collisions were reported involving black-headed gulls. In June-July 2000, a single 
collision was reported involving a herring gull, reflecting an avoidance rate of 0.9861 using option 1, 
0.9829 using option 2 and 0.9819 using option 3. In June-July 2001 and September-October 2001, 
two collisions were reported involving herring gulls, reflecting avoidance rates of 0.9722 and 0.9976 
respectively using option 1, 0.9659 and 0.9959 using option 2 and 0.9639 and 0.9957 using option 3. 
Single collisions were reported involving lesser black-backed gulls in each of June-July 2001 and 
September to October 2001, reflecting avoidance rates of 0.9706 and 0.9990 respectively using 
option 1, 0.9680 and 0.9977 using option 2 and 0.9656 and 0.9975 using option 3.  
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Assessment of methodology  
 
The study at Zeebrugge offers one of the most comprehensive datasets for collisions involving 
marine birds. Fatality data have been collected over a seven year period following a robust 
methodology with corrections made to account for searcher efficiency and scavenger activity. 
However, a key limiting factor in the dataset is the accompanying bird activity data. In the case of 
terns, activity data is limited to the period of peak tern activity in June. As a consequence, 
extrapolating from this to cover the full period when terns are present is likely to vastly over-
estimate activity in the area, and therefore the predicted collision numbers. This means that the 
avoidance rates derived for each year are likely to be significantly over-estimated. This reflects the 
limitations in the way data are presented within the reports. Ideally, collisions would be broken 
down on a month by month and turbine by turbine basis, so that avoidance rates could be calculated 
for the areas in which activity data were collected, rather than extrapolating across the windfarm as 
a whole.  
 
We used only the collision data collected from gulls during the period in which activity data were 
collected, and from only those turbines around which activity data were collected, in deriving 
representative avoidance rates.   
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ANNEX 1 
 
USING A COLLISION RISK MODEL TO ASSESS BIRD COLLISION RISKS FOR OFFSHORE WINDFARMS 

(SOSS Guidance: March 2012) 

 SUPPLEMENT – AVOIDANCE RATES USING THE BASIC AND EXTENDED MODELS 

March 2014 – Bill Band 

This is a supplement to guidance prepared for the Crown Estate as part of the Strategic 

Ornithological Support Services programme, project SOSS-0245.  That provides guidance for offshore 

wind developers, and their ecological consultants, on using a collision risk model to assess the bird 

collision risks presented by offshore windfarms.  The March 2012 version of the guidance enabled 

use to be made of flight height distribution data. 

This supplement is an addition to Stage E – Avoidance and Attraction.  That section describes how, 

having used the collision model to calculate the potential collision rate if birds take no avoiding 

action, one should then apply an avoidance rate A to allow for the fact that many species of birds do 

in fact take avoiding action, either at long range (macro) or at close range (micro). 

Paragraph 80 notes that 

‘if the extended model taking account of flight height distribution is used, it is important that the 

calculations on which avoidance rates are based also start with a no-avoidance collision rate derived 

using the extended model’. 

Most of the published literature on avoidance rates is currently based on using the basic model.   

This supplement shows how such avoidance rates may be modified to enable their application to 

the extended model. 

Avoidance in the basic and extended models 

The two models – basic and extended – yield different predictions of the rate of collisions before 

avoidance is taken into account.  The extended model is a more refined model which takes into 

account the effect of flight height distribution.   It takes into account the fact that, for a given 

number of flights at risk height, a flight height distribution skewed towards low altitude leads to a 

smaller proportion of birds passing through the rotor, and bird passages through parts of the rotor 

with less risk, than if the distribution were uniform.     

The outputs of the two models may be formally compared if the data input to the basic model on 

the proportion of flights at risk height (Q’2R) is derived from the same flight height distribution used 

in the extended model, as in Option 2 of the spreadsheet accompanying the SOSS guidance.  That is, 

the comparison should be made between the collision rate using the basic model (Option 2) in the 

spreadsheet, and the extended model (Option 3). 

  

                                                           
45 Project SOSS -02:  see http://www.bto.org/science/wetland-and-marine/soss/projects 
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The collision rates (before avoidance) projected by the two models are: 

Basic model (Option 2): 

    Cbasic          =   v(DA/2R)(TπR2)t   x  Q2R
’  x paverage x Qop           (guidance eq.546) 

   i.e.       flux factor      x  Q2R
’  x paverage x Qop 

Extended model (Option 3): 

   Cextended     = v(DA/2R)(TπR2)t   x  (2/π) ∫∫ d(y) p(x,y) dxdy    x   Qop  (guidance eq. 9) 

   i.e.       flux factor     x     collision integral    x   Qop 

Where the bird flight height distribution is skewed towards low altitude, the extended model 

prediction Cextended is usually less than Cbasic, because this equation takes full account of the reduction 

in risk at lower parts of the rotor.   Let g be the ratio Cextended / Cbasic  ,  g is thus usually less than 1.  

The value of g may be obtained by dividing the second of the above equations by the first: 

  g  =    Cextended / Cbasic     = collision integral  /   ( Q’2R  x  paverage )     ….        eq. S1 

and this is readily calculated from the ‘Overall collision risk’ spreadsheet  

  g    =      cell D35   /   ( cell D33  x cell D27 ) 

The expected collision rate must then take into account the proportion A of birds avoiding the 

turbines (e.g. by displacement, or by evasive action), by multiplying the above no-avoidance collision 

rates by the proportion (1-A) which do not avoid.  Values of A are typically in the range 90-100%.  It 

is more helpful to think in terms of the non-avoidance rate A’ = 1 – A , such that A’ is the small 

proportion of birds which do not avoid the turbines.  The expected collision rate is then  

A’basic Cbasic       in the basic model, or   .. eq. S2a 

A’extended Cextended  in the extended model.   .. eq. S2b 

 

The two models require the use of different non-avoidance rates.   The calculation of Cextended  takes 

account of the effect of a skewed flight distribution, such that the factor Aextended ( = 1 – A’extended )  

refers only to genuine behavioural avoidance.  The calculation of Cbasic in the basic model does not, 

such that any such effect, in the basic model, must be covered by the avoidance factor Abasic.   

Establishing avoidance rates from reference windfarms 

Values of A’basic and A’extended  for use in the two models are obtained by monitoring collisions at one 

or more reference windfarms, and working back from the two models.  For either model we have 

Non-avoidance rate A’   =    Actual no of collisions / Predicted number of collisions C. 

    using basic model  using extended model 

Actual no of collisions    =   A’basic  x  Cbasic(ref)          = A’extended  x  Cextended(ref)     

 

thus A’extended   =    A’basic  x  Cbasic(ref)    /  Cextended(ref)     

                                                           
46 Strictly, equation (5) of the guidance refers to Q2R derived from site survey, as used in the basic model 
(Option 1), rather than Q’2R, derived from the assumed flight height distribution, as required here. 
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but    g(ref)  =  Cextended (ref) / Cbasic (ref) 

so    A’extended = A’basic / g (ref)    … eq. S3 

A’extended   is the non-avoidance rate from the reference windfarm, for use with the extended model.  

Equation (S3) describes how it is related to the value of A’basic derived using the basic model, using 

the g factor for this reference windfarm. 

Where data from several reference windfarms are used to yield an average A’basic , then the value for 

A’extended should be the average of A’basic / g(ref) as calculated for each of the reference windfarms.  

Applying reference avoidance rates to new or projected windfarms 

Avoidance rates, derived from collision studies at one or more reference windfarms, may be used to 

inform the calculation of collision rate at a new or projected windfarm.  The assumption in applying 

such avoidance rates is that the birds’ behavioural response to the new windfarm will be similar to 

their response to the reference windfarm, and hence the proportion of birds avoiding the turbines of 

the new windfarm, further to the calculation of a no-avoidance collision rate, is likely to be the same 

as for the turbines of the reference windfarm.   

Thus, having established values A’basic  and   A’extended   for non-avoidance, as derived from the 

reference windfarm, these same values may be assumed to apply to new or projected windfarms for 

the same bird species.   If Cbasic(new) and Cextended (new) are the no-avoidance collision rates 

calculated for the new windfarm, the predicted collisions after avoidance for the new windfarm are: 

basic model:  A’basic  Cbasic (new)    .. eq. S4a 

extended model: A’extended  Cextended (new)    .. eq. S4b 

A’basic is the avoidance rate established from the reference windfarm(s) using the basic model, and 

A’extended that using the extended model; they are related as in equation (S3).  

Dealing with lack of information on g(ref) 

Published information on avoidance rates for reference windfarms has not so far included 

information on avoidance using the extended model, or on g(ref), the ratio between the outputs 

(before avoidance) of the extended and basic models.  Calculation of g(ref) requires information on 

bird size and speed, turbine parameters, and the flight height distribution at the reference site;  

however it does not need information on bird density, levels of flight activity, or number of transits.  

If this limited subset of data  is available, then it should be possible to calculate g(ref) for the 

reference windfarm, for the bird species under assessment.   

It is recommended that any future publication of reference avoidance rates, derived from collision 

monitoring studies, should state both that for use in the basic model and that for use in the 

extended model.  This will require application of both models to the reference windfarm. 
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Example: 

Monitoring studies have established that for a certain bird species, an overall avoidance 

rate of 98% may be assumed.  This has been derived using theoretical collision rates 

derived using the basic model, and comparing these with the actual collision mortality 

observed on an existing windfarm – the ‘reference’ windfarm.  

Abasic = 98%  so  the non-avoidance rate A’basic = 2%. 

Using the extended model, the calculated g factor for this reference windfarm is  0.46.  

Thus the non-avoidance rate appropriate for use with the extended model is  

   A’extended = 2%/0.46 = 4.38% 

The corresponding avoidance rate for use with the extended model is   

1 - A’  = 95.62% 

A developer now undertakes collision risk assessment for a proposed offshore windfarm.  

The CRM extended model which takes account of flight height distributions may be used, 

provided that it makes use of the avoidance rate appropriate for the extended model. 

For the proposed windfarm, the projected collision rates are 23 (basic model) and 8 

(extended model) per year.   Applying the above non-avoidance rates of 2% and 4.38% 

respectively yields 

expected collisions(basic)  = 2% x 23  = 0.46 birds/annum 

expected collisions (extended) = 4.38% x 8 =0.35 birds/annum 

The two models yield different results because the second model takes flight height 

distribution into account, a factor ignored in the basic model. 

 

Example: 

Monitoring studies have established that for a certain bird species, an overall avoidance 

rate of 98% may be assumed.  This has been derived using theoretical collision rates 

derived using the basic model, and comparing these with the actual collision mortality 

observed on an existing windfarm – the ‘reference’ windfarm.  

Abasic = 98%  so  the non-avoidance rate A’basic = 2%. 

Using the extended model, the calculated g factor for this reference windfarm is  0.46.  

Thus the non-avoidance rate appropriate for use with the extended model is  

   A’extended = 2%/0.46 = 4.38% 

The corresponding avoidance rate for use with the extended model is   

1 - A’  = 95.62% 

A developer now undertakes collision risk assessment for a proposed offshore windfarm.  

The CRM extended model which takes account of flight height distributions may be used, 

provided that it makes use of the avoidance rate appropriate for the extended model. 

For the proposed windfarm, the projected collision rates are 23 (basic model) and 8 

(extended model) per year.   Applying the above non-avoidance rates of 2% and 4.38% 

respectively yields 

expected collisions(basic)  = 2% x 23  = 0.46 birds/annum 

expected collisions (extended) = 4.38% x 8 =0.35 birds/annum 

The two models yield different results because the second model takes flight height 

distribution into account, a factor ignored in the basic model. 
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