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Good Evening,
 
Please find attached Natural England’s Deadline 7 Response.
 
This includes:
 

·         Comments on the RIES
·         Rule 17 Response
·         ANNEX A: Further Advice on PTA REP 5 – 010
·         ANNEX B: Sabellaria Spinulosa Advice Note
·         ANNEX C: Cable Protection Advice Note
·         ANNEX D: Note on Small Scale Impact
·         ANNEX E: Ornithology Response
·         Summary of Natural England’s Advice on Cromer Shoal MCZ
·         Summary of Natural England’s Advice on Markham’s Triangle pMCZ
·         Summary of Natural England’s Advice on The Wash and North Norfolk Coast SAC
·         Summary of Natural England’s Advice on North Norfolk Sandbanks SAC
·         Natural England & JNCC joint Technical Guidance Note – Marine Buffers and Margins
·         SNCB response to MSS Avoidance Rate Report
·         NERC164
·         JNCC Report 598

 
Please note that Natural England has reviewed the MMO’s draft Response to the ExA dDCO/DML
and are in agreement with their comments. Therefore we will not be providing a separate
response on this occasion.
 
 
Kind regards,
 
Emma
 

mailto:Emma.Brown@naturalengland.org.uk
mailto:HornseaProjectThree@pins.gsi.gov.uk
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1. Standard advice 


1.1. Natural England advises against the use of cable protection within designated 
sites as the addition of hard substrata is often incompatible with the conservation 
objectives for Annex I sandbanks and reef features. 


 


2. The use of 10% Worst Case Scenario (WCS) 


2.1. We acknowledge that based on previous cable installations (requiring c.6% of 
their cable lengths to be protected) the developer has presented reasonable 
justification for the WCS of 10% along the entire export cable length requiring 
cable protection and this could potentially meet EIA requirements . However, it 
doesn’t take into account the localised diversity of sediment types and structure, 
which would result in cable protection being concentrated in particular 
areas/habitats rather than a uniform distribution. Therefore assessing WCS of 
10% of the cable length within an SAC requiring protection, based on evidence 
from entire export cable routes measuring 10s of kilometres, with multiple 
sediments types, is not appropriate for HRAs. 


2.2. It therefore remains unclear whether this assumption is directly applicable to the 
individual designated sites, This is important because cable protection will have 
a permanent impact on the designated site and the volume/area/length can 
make a big difference in relation to the outcome of an appropriate assessment 


 


3. Habitat Features 


3.1. The ability to bury cables and thus the need for cable protection should be based 
on project specific information on the habitats/features present and the 
underlying substrata and allow for sufficient contingency around changing 
installation tools and/or technical hiccups.  Please see Natural England advice 
submitted for Deadline 6 [REP6 - 048] and Deadline 7 on the Preliminary 
Trenching Assessment [REP5 – 010].  


 


4. Temporary vs. permanent loss 


4.1. Natural England advises that the placement of cable protection is a permanent 
impact and that to date no empirical evidence has been presented to 
demonstrate the successful decommissioning / removal of cable protection 
where the habitat is returned to its pre impact state. 


 


5. During construction vs. over the lifetime of the project: 


5.1. During the discussion at ISH 4 the Applicant said that 10% of cable protection 
was to be placed over the life time of the project, not just during the construction 
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phase. If the Applicant would like flexibility to place rock armouring in new areas 
over the life time of the project then there needs to be an agreed approach on 
how impacts to priority habitats and/or interest features will be avoided and/or 
minimised during subsequent cable protection placement and this should be 
assessed as part of the consenting process. We advise that a Site Integrity plan 
should be submitted which goes one step further than the Cable Installation Plan 
to ensure that these HRA concerns are addressed. NB: this is something that 
Vattenfall is already undertaking for Norfolk Vanguard NSIP. 


5.2. Natural England highlights that the MMO has highlighted other projects which 
have required substantially more cable protection [REP1-095 and REP3-092]. 
Therefore, the MMO has advised that if the volume of cable protection detailed 
in the DMLs is not used during construction then they would expect to see a 
separate marine licence application for remedial cable protection during the 
operational phase.  The MMO does not feel it is possible to fully assess the 
impacts on designated sites over the lifetime of the Proposed Development 
[REP6-073]. 


5.3. Therefore, Natural England is in agreement with the MMO that the figure 
provided for cable protection should only be assessed and restricted to the 
construction phase. Any further request for cable protection over the life time of 
the project should be dealt with through a separate marine licence. Please also 
see our comments on the RIES submitted at deadline 7. 


 


6. Use of 25% WCS for O&M:  


6.1. As discussed during ISH 4 and within our response to ExA question Q2.2.60 the 
Applicants HRA includes a figure of 25% for the replacement of rock protection 
during the operation phase of the project. However, it is considered by the 
Applicant to not increase the significance of the impact as it will be located on 
areas previously protected. Natural England queried several assumptions during 
the ISH and this is now our understanding of this proposal: 


i) Where did this figure come from?  


6.2. No information has been provided to support this 


ii) Is it 25% of the area/volume of cable protection placed during 
 construction to protect the cables, or 25% of the original figure applied 
 for cable protection in the application? N.B. There could be a significant 
 difference between the two and would need to be outline which in the 
 DCO/DML  


6.3. Our understanding is that 10% cable protection was not intended by the 
Applicant to be limited to the construction phase, therefore the 25% is of the full 
volume of cable protection applied for within the application. 


iii) If only in areas where cable protection has been previously place then 


 there should be a restriction in the DCO/DML on this. 


6.4. However, if 10% cable protection is permitted beyond the construction phase, 
there is still a question of how the Developer will differentiate between placing a 
proportion of the 10% over the lifetime of the project and that of the 25% of the 
replenishment amount? For example how will the regulator be certain that 10% 
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of the length of the cable corridor within a designated site hasn’t been 
exceeded? And that either 25% of the existing cable protection length and/or 
25% of the volume hasn’t been exceeded? If the Secretary of State is minded 
consent the project, and noting the point above about concentration of cable 
protection on particular habitats/features, further DCO/DML restrictions would 
be appropriate. 


6.5. Natural England suggests that the DCO/DML clearly sets out what the maximum 
volume, area and length of cable protection permitted in each designated site 
would be, with the 25% replenishment of the cable protection set as a volume 
only. It would also be helpful to set out what the combined volume of cable 
protection would be to make it clear to all parties what the thresholds are. 


iv) If not in new areas, why will there be a need for replenishment? This 


 needs to be restricted in the DCO/DML: For example: 


o Replacing damaged cables – If so, evidence from Thanet 


suggests that a new cable located around the damaged area 


would be required; which we believe would be a new area of 


impact and extension of cable protection and therefore a marine 


licence variation request would be required as area impact not 


length. 


o The protection has moved/winnowed - If so, then the area footprint 


of the cable protection has already expanded outwards, 


potentially beyond the parameters assessed. We understand that 


the Applicant has taken this into consideration in their 


assessment. However, this is not clear from the HRA.   


6.6. Please note that this should not be 25% of the total amount of rock protection 
applied for across the project including that requested for scour protection and 
that this point should be made clear in the DCO/DML. 


 


7. Decommissioning 


7.1. Natural England notes that the Applicant has submitted [REP6 - 018] JdN 
‘Technical note for decommissioning Race Bank Export Cable rock protection’ 


7.2. Please note that NE this document has been produced in support of a live 
application that is yet to be determined by the MMO (MLA/2017/00277/4 Race 
Bank marine licence application.). 


7.3. As the Applicant is the same developer as for Race Bank and our interim advice 
is in the public domain we set out below our   advice to the MMO in relation to 
this document alone: - 


i) Whilst the document demonstrates that dredging of rock is possible. 


 However, that is very different to sensitively decommissioning rock 


 armour within designated sites. 


ii) The examples provided give no details of why they were dredging 


 rock? Where they were and overarching sediment type? What was 


 required? What was achieved? What did the seabed look like before 
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 and after and compared to surrounding habitat? Did the dredging in 


 itself have any wider impacts? 


iii) There is no assessment of how analogous these examples are to 


 what is required for Race Bank [and thus Hornsea Project 3]. 


iv) Section 2.6.5 the drag Head vertical accuracy to 30cm means that it is 


 unlikely that the seabed will be returned to it’s previous state. For 


 instance a remaining layer of 30cm of Norwegian granite in areas in 


 less mobile sediment as proposed in The Wash means a permanent 


 change in the habitat. Similarly the same is true if dredging is 


 undertaken to 30cm below the seabed as habitat will be permanently 


 removed and as with the existing trenches is unlikely to recover. 


7.4. Therefore Natural England is unable to agree with the applicant that successful 
decommissioning, which ensure that the seabed/site features are returned to 
their previous condition. 


 


8. Summary 


8.1. Presently there is insufficient data for Natural England to agree: 


a) that the WCS is appropriate for designated sites; 


b) that there would be no adverse effect on integrity; and  


c) any mitigation/compensation measures.  
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In relation to consideration of small scale habitat loss within Special Areas of Conservation 


(SACs) in relation to cable protection Natural England provides the following advice: 


1.1. Natural England will usually consider permanent, long-lasting and irreversible 
loss to be an adverse effect unless it can be clearly demonstrated otherwise. 


1.2. The following points should be considered (but not exclusively) when providing 
evidence to underpin an assessment of whether an impact is likely to be an 
adverse effect: 


 Location of the predicted loss in terms of whether it sits on a 
 designated or supporting feature of the site; 


 Duration of the loss – for loss to be considered temporary it must be 
 clearly time-limited to the point where the impact is predicted to return 
 to the same pre-impact condition and must include a detailed 
 remediation plan using proven techniques as part of the licence; 


 Scale of the loss in relation to the feature / sub feature of the site 
 including consideration of the quality and rarity of the affected area; 


 Impact on structure, functioning or supporting processes of the 
 habitat; 


 Feature condition; and 


 Existing habitat loss within the same site/ feature/ sub feature. 


1.3. Whilst there are no hard and fast rules or thresholds, in order for Natural England 
to advise that there is no likelihood of an adverse effect the project would need 
to demonstrate the following: 


1) That the loss is not on the priority habitat/feature/ sub feature/ supporting 
habitat and/or 


2) That the loss is temporarily and reversible (within guidelines above) 
and/or 


3) That the scale of loss is so small as to be de minimus alone and/ or 


4) That the scale of loss is inconsequential including other impacts on the 
site/ feature/ sub feature 


1.4. It is noted that Applicant’s will argue that they have provided the above 
information and provided the necessary assessment and evidence. However, 
as set out in (C-294/17 Cooperatie Mobilisation for the Environment UA and 
Others v College van gedeputeerde staten van Limburg and Others) and other 
case law relating to People over Wind (2018) for a plan/project to be consented 
within a designated site there needs to be sufficient certainty in the evidence 
presented and the recoverability of the features and/or absolute certainty that 
any proposed mitigation measures will remove an adverse effect on integrity. 
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1.5. As set out in our Deadline 7 response for Hornsea Project 3  there is low 
confidence in the evidence presented to support the Application and 
considerable uncertainty about the temporal and spatial scale of the impacts due 
to lack of supporting empirical evidence, project specific data and confidence in 
the presented Worst Case Scenario. 


1.6. Therefore, we welcome any further work the applicant can do to provide more 
certainty in relation to the Worst Case Scenario presented and/or minimise the 
impacts as much as possible.  
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1. This paper presents a synthesis of the Applicant’s assessment of predicted collision 


and displacement impacts based on parameter values that are most closely aligned 


with the approach advised by Natural England. The figures have been taken from 


those presented by the Applicant in REP6-043 for collision risk modelling, REP4-


049 for displacement and REP4-092 for Population Viability Analysis. 


 


2. Natural England have highlighted throughout our written and oral submissions that 


the lack of complete baseline information for the Hornsea Three Zone (i.e. the array 


area) means that there is not certainty beyond reasonable scientific doubt to 


support the Applicant’s conclusions. Consequently Natural England does not 


consider that it is possible to rule out Adverse Effect of Integrity for multiple features 


across multiple sites. This position remains unchanged. 


 


3. Recognising that Natural England is an adviser and not the decision maker in this 


process, we have provided detailed and consistent project specific advice to the 


Applicant and the Examining Authority on the parameters and analyses that should 


be used in order to reduce uncertainty in the assessments as far as possible. 


 


4. The Applicant has provided several updates of their analysis, and have revised their 


choice of parameters in several instances, but they have not followed the advice of 


the Statutory Nature Conservation Body (SNCB) ie. Natural England, in their 


assessments of impact and AEoSI.  Therefore we do not consider that the level of 


uncertainty (and thereby the level of risk) associated with the Applicant’s 


conclusions has reduced. 


 


5. At the Examiner’s request, the applicant has provided collision and displacement 


figures that are more in line with Natural England’s Advice (notably [REP6-043] and 


[REP4-092]], though there are outstanding issues. 


 


6. Our assessment of these figures clearly demonstrates that the choice of parameters 


can make a considerable difference to the predicted impacts of the proposed 


development, and make a vast difference to the conclusions relation to AEoSI and 


significance at an EIA scale. Natural England have provided a worked example to 


demonstrate this for the kittiwake feature of FFC SPA. 


 


7. Natural England would therefore highlight that whilst the incomplete baseline 


information represents a key consenting risk, further consenting risks are also 


apparent from the data that has been supplied. 
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1. Collision Data 


1.1. KITTWAKE 


Table 1. Summary Figures for Kittiwake Predicted Annual Collisions 


Kittiwake EIA North Sea (individuals) FFC SPA (adults) 


Project Alone Cumulative Project Alone In-combination 


East 
Anglia 31 


n/a 3447 n/a 319 


Hornsea 
Project 
Three 
based on 
Applicant’s 
project 
figures 
closest to 
NE advice 
on 
methods 


297 (127-503)2 4247 (3737-5073)3 181 (81-304)4 533 (407-704)5 


 


Table 2. Percentage of baseline mortality for kittiwake impact levels predicted by 


Applicant in REP6-043. Baseline mortality calculated using Applicant’s population 


size figures from APP-051 and APP-065. 


                                            
1 Figures taken from EA3 as most recently consented southern North Sea OWF as starting point for the 
cumulative and in-combination totals. These figures have uncertainty associated with them – Natural 
England do not necessary agree with all the assumptions that underpin the figure.  
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010056/EN010056-
001644-EA3%20-%20Revised%20CRM.pdf 
 
 
2 See Tables below for details of figures. 


3 East Anglia Three cumulative total plus 800 (290-1626) birds added from Hornsea Project Three, Norfolk 
Vanguard, Thanet Extension and Moray West OWFs. Moray West figures derived from 
http://marine.gov.scot/sites/default/files/00538033.pdf ,Table 10.8.13. Norfolk Vanguard figures from 
Vanguard CRM Link Table A4.2 Appendix 3.2. Thanet Extension figures taken from Taken from: Table 3 and 


associated text from: Vattenfall Wind Power Ltd. Thanet Extension Offshore Wind Farm. Appendix 39 to 
Deadline 3 Submission: Clarification Note on Collision Risk Modelling Parameters and Thanet Extension’s 
Contribution to Cumulative and In-Combination Totals. No mean value given so taken as central point of 
range. 


4 See Tables below for details of figures. 
5 East Anglia Three in-combination total plus 214 (88-384) birds added from Hornsea Project Three, Norfolk 
Vanguard, Thanet Extension and Moray West OWFs. Data sources as above. 



https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010056/EN010056-001644-EA3%20-%20Revised%20CRM.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010056/EN010056-001644-EA3%20-%20Revised%20CRM.pdf

http://marine.gov.scot/sites/default/files/00538033.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010079/EN010079-002249-Womble%20Bond%20Dickinson%20on%20Behalf%20of%20Norfolk%20Vanguard%20-%20Appendices%20to%20written%20Questions-%20Email%204.pdf
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 Impact level. 
Collisions per 
annum. Central 
estimate indicated in 
green. 


% of baseline mortality using Applicant’s 
figures for population size at FFC SPA (44,520 
pairs for FFC SPA) as used in APP-051, Table 
7.17, and 839,4566 individuals for largest North 
Sea Population scale (from Furness 2015) as 
used by Applicant in Table 5.27 of APP-065 for 
the Post-breeding season. Baseline mortality 
taken from survival rates in Horswill and 
Robinson (2015)  


Project Alone 127 0.104 


297 0.242 


503 0.410 


Cumulative 3737 3.05 


4247 3.47 


5073 4.14 


FFC SPA Project alone 81 0.623 


181 1.38 


304 2.34 


FFC in-combination 407 3.13 


533 4.10 


704 5.42 


8. Details of the collision figures extracted from the Applicant’s REP6-043 that are 


most closely aligned with Natural England’s advice are set out below. Natural 


England notes that these figures from the Applicant do not address the issue of the 


incomplete baseline. 


 


9. These figures are based on the following collision risk modelling parameters for 


kittiwake: Band Model (2012) Option 2, Nocturnal Activity Factor (NAF) 2-3, 


                                            
6 Note that for the EIA population scales Natural England have used the annual total collisions and assessed 
these against the largest population size present in the North Sea UK waters for the population (i.e. the 
largest population size used in Table 5.27 in APP-065) rather than broken down into separate seasons as 
the Applicant has done. 
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Avoidance Rates (AR) 98.9% (98.7-99.1), flight speeds from Pennycuik 


(1987)/Alerstam et al (2007).  


 


10. Numbers in Tables 3-6 are total annual collisions with no apportioning to colonies. 


Green cells indicate the central and range of values for a given set of parameters. 


Numbers taken from Tables 3.7 and 3.8 of Applicant’s REP6-043. 


Table 3. NAF2. Variability in density and AR. Maximum likelihood Flight height. 


AR/density LCL Mean density UCL 


98.7 183 296 423 


98.9 155 251 358 


99.1 127 205 293 


Table 4. NAF3. Variability in density and AR. Maximum likelihood Flight height. 


AR/density LCL Mean density UCL 


98.7 217 351 503 


98.9 184 297 426 


99.1 150 243 348 


Table 5. NAF 2. Flight height and AR variation, using mean density 


AR/PCH LCL Mean PCH UCL 


98.7 194 296 388 


98.9 164 251 328 


99.1 134 205 269 


Table 6. NAF 3. Flight height and AR variation, using mean density 


AR/PCH LCL Mean PCH UCL 


98.7 230 351 460 


98.9 195 297 389 
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99.1 159 243 318 


11. The mean estimate is 297 birds per annum (NAF 3) or 251 birds per annum (NAF 


2). The range of estimates is 127-503, noting that variability across all parameters 


cannot be estimated statistically by this approach.  


HRA numbers: FFC SPA mortality estimates (adult birds) – project alone.  


12. Tables 7-10 are annual predicted collisions of adult kittiwake from FFC SPA using 


the Applicant’s figures from REP6-043 taken from Tables 3.9 to 3.12. 


 


13. Apportioning assumptions: Breeding season March – August 93.1%7 birds 


apportioned to FFC SPA; Post-breeding migration season Sept- December 5.4%; 


Pre breeding spring migration season January - February 7.2%.  


Table 7. FFC SPA predicted annual collisions (adults). NAF2. Variability in density 


(mean density and 95% confidence intervals) and Avoidance Rate (AR). Maximum 


Likelihood Flight height. 


AR/density LCL Mean density UCL 


98.7 117 188 266 


98.9 99 159 225 


99.1 81 144 184 


Table 8. FFC SPA predicted annual collisions NAF3 (adults). Variability in density. 


Maximum Likelihood Flight height. 


AR/density LCL Mean density UCL 


98.7 133 214 304 


98.9 112 181 257 


99.1 92 164 210 


Table 9. FFC SPA predicted annual collisions NAF2 (adults). Flight height and AR 


variation, using mean density. 


                                            
7 Breeding season Apportioning rate presented is proportion of all ‘adult-type’ birds recorded during March – 
August in the digital aerial data set. This will incorporate an unknown proportion of older immatures birds and 
potentially non-FFC SPA adults. 
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AR/PCH LCL Mean PCH UCL 


98.7 123 188 246 


98.9 104 159 208 


99.1 85 144 170 


Table 10. FFC SPA predicted annual collisions NAF3 (adults). Flight height and AR 


variation, using mean density. 


AR/PCH LCL Mean PCH UCL 


98.7 140 214 280 


98.9 118 181 237 


99.1 97 164 194 


Pink cells are impact levels that exceed 1% of baseline mortality for the colony. 


Table 11. Predicted population impacts on the kittiwake population of FFC SPA for 


the range of mortality impacts predicted for Hornsea Project Three alone and in-


combination with other plans and projects. PVA Impact Metrics are as provided by 


the Applicant in REP4-092. The range of predicted Project alone figures are 


indicated in pink, in-combination in purple. The darker shaded cells represent the 


level of impact closest to the central value of the predictions in Tables 8 and 10 


above. 


Kittiwake FFC SPA 


ADDITIONAL 
MORTALITY 


% Baseline 
Mortality using 
Applicant’s 
population sizes8 


Counterfactual of Final 
Population Size (CPS)9 


Counterfactual of Growth 
Rate (CGR)10 


50 0.38 0.981 (0.981-0.981) 0.999 


                                            
8 Note that Applicant uses 89040 adults as FFC SPA population estimate (44,520 pairs) in APP-051 which 
gives 1% BM as 130 birds. Natural note that using the mean of 2016-17 census data (102,536 adults) 1% 
BM is 150 birds. 
9 Kittiwake, demographic rate set 2, counterfactuals of population size after 35 years, estimated using a 
matched runs method, from 1000 density independent simulations. Table A2_7.1. REP4-092. 
10 Kittiwake, demographic rate set 2, counterfactuals of population growth rate after 35 years, estimated 
using a matched runs method, from 1000 density independent simulations. No CLs given as they are the 
same as the median values. Table A2_7.3. REP4-092. 
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100 0.78 0.962 (0.962-0.963) 0.999 


150 1.15 0.944 (0.944-0.945) 0.998 


200 1.54 0.926 (0.926-0.927) 0.998 


250 1.92 0.909 (0.908-0.909) 0.997 


300 2.31 0.892 (0.891-0.892) 0.997 


350 2.69 0.875 (0.874-0.876) 0.996 


400 3.08 0.858 (0.857-0.859) 0.996 


450 3.46 0.842 (0.840-0.843) 0.995 


500 3.85 0.826 (0.824-0.827) 0.994 


550 4.23 0.810 (0.809-0.811) 0.994 


600 4.62 0.794 (0.793-0.796) 0.993 


650 5.0 0.779 (0.778-0.781) 0.993 


700 5.38 0.765 (0.763-0.766) 0.992 


14. Predicted impacts for the kittiwake feature of FFC SPA are 181 (81-304) adults per 


annum for Hornsea Project Three alone and 533 (407-703) adults per annum in-


combination with other plans and projects. 


 


15. If the additional mortality from the windfarm is 550 adults per annum (closest PVA 


output to 533 birds in [REP4-092]) then the population of FFC SPA after 35 years 


will be 19% lower than it would have been in the absence of the additional mortality. 


The population growth rate would be reduced by 0.6%. 


 


16. If it is assumed that the population is stable then this would mean that the 


population would be 19% lower than the current population size. This would be 


counter to the restore conservation objective and would be AEoSI. 


 


17. If the additional mortality from the windfarm is 200 adult birds per annum (closest 


PVA output to 181 birds in [REP4-092]) then the population of FFC SPA after 35 


years will be 7.4% lower than it would have been in the absence of the additional 


mortality. The population growth rate would be reduced by 0.2%. 
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18. If it is assumed that the population is stable then this would mean that the 


population would be 7.4% lower than the current population size. This would be 


counter to the restore conservation objective and would be AEoSI. 


 


19. It is not known what the growth rate of the colony will be over the next 35 years. 


There has been a 2.2% per annum decline in numbers for Flamborough Head and 


Bempton Cliffs colony between 1987 and 2017 (a growth rate of 0.979 per annum). 


Over the period 2000 to 2017 the population has shown a 0.37% per annum 


increase in numbers (a growth rate of 1.0037 per annum) based on census counts 


in the JNCC Seabird Monitoring Programme Database11. 


 


20. There is no evidence to suggest that the future population trend will be significantly 


different from the current trend, for example productivity at the colony has not been 


increasing in recent years (see Figure 1) (Aitken et al. 2017) 


Figure 1. Flamborough/Bempton Black-legged kittiwake productivity 2009-2017, mean of 


plot results +/- SE. From Aitken et al. (2017). Note this does not include productivity data 


for Filey, where productivity is lower (e.g. in 2017 mean productivity for kittiwake at Filey 


was 0.39 (SE ± 0.0742) chicks per AON).  


 


21. Between the SCR Census (1985–88) and Seabird 2000 (1998–2002) for major 


colonies in Britain, no sites showed a per annum increase that exceeded 4.5% (see 


Natural England Deadline 4 submission for Hornsea Project Two). The growth rate 


of the colony at Bempton/Flamborough between 2008 and 2017 was 0.37% per 


annum, following declines from 1987. So the evidence suggests that the FFC SPA 


colony has a growth rate of <1% p.a.  


 


22. If we assume a 1% per annum growth rate for the next 35 years then 150-200 


additional mortalities per annum would result in the population being approximately 


9,700 birds lower than without the additional mortality after 35 years and it would 


                                            
11 JNCC. 2016. Seabird Population Trends and Causes of Change: 1986-2015 Report (http://jncc.defra.gov.uk/page-3201). Joint Nature Conservation Committee. 


Updated September 2016. Accessed 12 March 2019. And http://jncc.defra.gov.uk/smp/ 


 


 



http://jncc.defra.gov.uk/page-3201
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take an additional 12 years to reach the target population compared to the no 


windfarm mortality scenario (note that this additional number of years is with a 


reduced growth rate operating for a period exceeding 35 years). 


 


23. If we assume a 1% per annum growth rate for the next 35 years then 550 additional 


mortalities per annum would result in the population being approximately 27,000 


birds lower than without the additional mortality after 35 years and it would take an 


additional 74 years to reach the target population compared to the no windfarm 


mortality scenario (note that this additional number of years is with a reduced 


growth rate operating for a period exceeding 35 years). 


1.2 GANNET 


Table 12. Summary Figures for Gannet Predicted Annual Collisions 


 EIA North Sea FFC SPA 


 Project Alone Cumulative Project Alone In-combination 


EA3 n/a 2875 n/a 173 


Hornsea 
Project 
Three 
based on 
Applicant’s 
project 
figures 
closest to 
NE advice 
on 
methods 


49 (10-128)12 3168 (2940-3563)13 18 (4-46)14 250 (180-379)15 


Table 13. Percentage of baseline mortality for impact levels for gannet predicted by 


Applicant in REP6-043. Baseline mortality calculated using Applicant’s population 


size figures. 


                                            
12 See Tables below for details of figures 
13 East Anglia Three cumulative total plus 293 (65-688) birds added from Hornsea Project Three, Norfolk 
Vanguard, Thanet Extension and Moray West OWFs. Moray West figures derived from 
http://marine.gov.scot/sites/default/files/00538033.pdf ,Table 10.8.10. Norfolk Vanguard figures from 
Vanguard CRM Link Table A4.1 Appendix 3.2. Thanet Extension figures taken from Taken from: Table 3 and 
associated text from: Vattenfall Wind Power Ltd. Thanet Extension Offshore Wind Farm. Appendix 39 to 
Deadline 3 Submission: Clarification Note on Collision Risk Modelling Parameters and Thanet Extension’s 
Contribution to Cumulative and In-Combination Totals. No mean value given so taken as central point of 
range. 
14 See Tables below for details of figures 
15 East Anglia Three in-combination total plus 77 (7-206) birds added from Hornsea Project Three, Norfolk 
Vanguard, Thanet Extension and Moray West OWFs. Data sources as above. 
 



http://marine.gov.scot/sites/default/files/00538033.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010079/EN010079-002249-Womble%20Bond%20Dickinson%20on%20Behalf%20of%20Norfolk%20Vanguard%20-%20Appendices%20to%20written%20Questions-%20Email%204.pdf
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 Impact level. 
Collisions per 
annum 


% of baseline mortality using Applicant’s 
figures for population size at FFC SPA (8,469 
pairs for FFC SPA) as used in APP-051 Table 
7.13, and 456,29916 individuals for largest 
North Sea Population scale (from Furness 
2015) as used by Applicant in Table 5.26 of 
APP-065 for the Post-breeding season. 
Baseline mortality based on survival rates from 
Horswill and Robinson 2015)  


Project Alone 10 0.027 


49 0.133 


128 0.346 


Cumulative 2940 7.95 


3168 8.57 


3563 9.64 


FFC SPA Project alone 4 0.292 


18 1.31 


46 3.35 


FFC in-combination 180 13.1 


250 18.2 


379 27.6 


24. Details of the collision figures extracted from the Applicant’s REP6-043 that are 


most closely aligned with Natural England’s advice are set out below. Natural 


England notes that these figures from the Applicant do not address the issue of the 


incomplete baseline. 


 


                                            
16 Note that for the EIA population scales Natural England have used the annual total collisions and 
assessed these against the largest population size present in the North Sea UK waters for the population 
(i.e. the largest population size used in Table 5.26 in APP-065) rather than broken down into separate 
seasons as the Applicant has done. 
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25. These figures are based on the following collision risk modelling parameters for 


gannet: Band Model (2012) Option 2, Nocturnal Activity Factor (NAF) 1-2, 


Avoidance Rates (AR) 98.9% (98.7-99.1), flight speed Pennycuik (1987).  


 


26. Numbers in Tables 14-17 show total annual collisions with no apportioning to 


colonies. Green cells indicate the range of values for a given set of parameters. 


Numbers taken from Tables 3.1 and 3.2 of Applicant’s REP6-043. 


Table 14. NAF1. Variability in density and Avoidance Rate. Maximum Likelihood 


Flight height. 


AR/density LCL Mean density UCL 


98.7 27 45 64 


98.9 23 38 54 


99.1 19 31 44 


Table 15. NAF2. Variability in density and Avoidance Rate. Maximum Likelihood 


Flight height. 


AR/density LCL Mean density UCL 


98.7 35 58 81 


98.9 29 49 69 


99.1 24 40 56 


Table 16. NAF 1. Flight height and Avoidance Rate variation, using mean density 


AR/PCH LCL Mean PCH UCL 


98.7 14 45 100 


98.9 12 38 85 


99.1 10 31 69 


Table 17. NAF 2. Flight height and Avoidance Rate variation, using mean density 


AR/PCH LCL Mean PCH UCL 







 


13 
 


98.7 18 58 128 


98.9 15 49 108 


99.1 12 40 88 


27. The mean estimate is 49 birds per annum (NAF 2) or 38 birds per annum (NAF 1). 


The range of estimates is 10-128, noting that variability across all parameters 


cannot be estimated statistically by this method.  


HRA numbers: FFC SPA mortality estimates (adult birds) – project alone.  


28. Tables 18-21 show annual predicted collisions of adult gannet from FFC SPA using 


the Applicant’s figures from REP6-043 taken from Tables 3.3-3.5. 


 


29. Apportioning: Breeding season March – September 63.3%17; Post-breeding 


migration season October-November 4.8%; Pre breeding spring migration season 


December-February 6.2%. 


Table 18. FFC SPA predicted annual collisions NAF1. Variability in density and 


Avoidance Rates. Maximum Likelihood Flight height. 


AR/density LCL Mean density UCL 


98.7 10 18 25 


98.9 9 15 22 


99.1 7 12 18 


Table 19. FFC SPA predicted annual collisions NAF2. Variability in density and 


Avoidance Rates. Maximum Likelihood Flight height. 


AR/density LCL Mean density UCL 


98.7 12 21 30 


98.9 10 18 25 


99.1 8 14 21 


 


                                            
17 Breeding season apportioning rate presented is proportion of all adult birds recorded during March – Sept 
from the digital aerial data set. This may incorporate an unknown proportion of non-FFC SPA adults. 
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Table 20. FFC SPA predicted annual collisions NAF1. Flight height and Avoidance 


Rate variation, using mean density. 


AR/PCH LCL Mean PCH UCL 


98.7 5 18 39 


98.9 5 15 33 


99.1 4 12 27 


Table 21. FFC SPA predicted annual collisions NAF2. Flight height and Avoidance 


Rate variation, using mean density. 


AR/PCH LCL Mean PCH UCL 


98.7 6 21 46 


98.9 5 18 39 


99.1 4 14 32 


 


Table 22. Predicted Population impacts on the gannet population of FFC SPA for the 


range of mortality impacts predicted for Hornsea Project Three alone and in-


combination with other plans and projects. PVA Impact Metrics are as provided by 


the Applicant in REP4-092. The range of predicted Project alone figures are 


indicated in pink, in-combination in purple. The darker shaded cells represent the 


level of impact closest to the central value of the predictions in Tables 19 and 21 


above. 


GANNET FFC SPA 


ADDITIONAL 
MORTALITY 


%Baseline Mortality 
using Applicant’s 
population sizes18 


Counterfactual of Final 
Population Size (CPS)19 


Counterfactual of Growth 
rate (CGR)20 


5 0.36  No value available No value available 


                                            
18 Using Applicant’s population size of 8,469 pairs (16,938 adults) from APP-051, 1% BM is 14 adults. Note 
that using the mean of 2012, 2015 and 2017 census counts of 24,594 adults, the 1% BM is 20 adults. 
19 Gannet, demographic rate set 2, counterfactuals of population size after 35 years, estimated using a 
matched runs method, from 1000 density independent simulations. See Table A2_3.1 in REP4-092. 
20 Gannet, demographic rate set 2, counterfactuals of population growth rate after 35 years, estimated using 
a matched runs method, from 1000 density independent simulations. See Table A2_3.3 in REP4-092 
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10 0.71  No value available No value available 


20 1.43  No value available No value available 


25 1.79  0.962 (0.962-0.963) 0.999 


30 2.14  No value available No value available 


40 2.86 No value available No value available 


50 3.57 0.926 (0.925-0.927) 0.998 


150 10.7 0.793 (0.792-0.795) 0.993 


175 12.5 0.763 (0.761-0.765) 0.992 


200 14.3 0.734 (0.732-0.737) 0.991 


225 16.1  0.706 (0.704-0.709) 0.990 


250 17.9  0.679 (0.677-0.682) 0.989 


300 21.9 0.629 (0.626-0.632) 0.987 


350 25.5 0.581 (0.578-0.585) 0.984 


375 23.3 0.559 (0.555-0.563) 0.983 


30. Predicted impacts for the gannet feature of FFC SPA are 18 (4-46) adults per 


annum for Hornsea Project Three alone and 250 (180-379) adults per annum in-


combination with other plans and projects. 


 


31. If the additional mortality from the windfarm is 25 adults per annum (closest PVA 


outputs available in REP4-092 to predicted 18 adult mortalities) then the population 


of FFC SPA after 35 years will be 3.8% lower than it would have been in the 


absence of the additional mortality. The population growth rate would be reduced by 


0.1%. 


 


32. If the additional mortality from the windfarm is 250 adults per annum then the 


population of FFC SPA after 35 years will be 32% lower than it would have been in 


the absence of the additional mortality. The population growth rate would be 


reduced by 1.1 %. 
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33. The gannet population of FFC SPA increased at 11.1% per annum (between 


2003/4 and 2015, JNCC Seabird Monitoring Programme data21). Using FFC SPA 


census data 2002-2017 the growth rate was 9.4% per annum. 


 


34. Note that these figures are for predicted collision mortalities only. Adding predicted 


displacement mortality would add 3-67 adults per annum to FFC SPA for Hornsea 


Project Three alone and 10-243 birds (all ages) to the cumulative total. 


 


  


                                            
21 JNCC. 2016. Seabird Population Trends and Causes of Change: 1986-2015 Report (http://jncc.defra.gov.uk/page-3201). Joint Nature Conservation Committee. 


Updated September 2016. Accessed 12 March 2019. 



http://jncc.defra.gov.uk/page-3201
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2. Displacement data – general notes 


 


2.1  Summary data: 


 


35. Figures are annual predicted mortality (i.e. summed across seasons) from 


displacement.  This is based on data presented by the applicant at REP4-049 


(Annex C, Appendix 28), summed to get annual totals.  It uses displacement 


presented as the ‘alternative analysis’ within REP4-049. 


 


36. It should be noted that: 


1) The seasons in the ‘alternative analysis’ (REP4-049) are defined in accordance 


with NEs advice  


2) The calculation of seasonal mean of peaks is NOT NEs recommended 


approach. 


 It is a combination of 20 months of DAS and 4 months using the Upper 


Confidence Limits (from the DAS data) for the previous year for the missing 


months (Dec-March).   


 No upper or lower confidence limits have been provided for the other months, so 


it is not possible to explore the variability around the mean in these data.  The 


use of the UCL of the mean from year 1 to fill the data gaps in year 2 may lead 


to an under or over estimation of the mean seasonal peaks. 


 


3) The apportioning rates presented in the alternative analysis for the non-breeding 


seasons are in accordance with NE advice. 


4) In the case of Guillemot and Razorbill no immatures have been included in the 


totals for FFC SPA in the breeding season.   


5) Natural England has apportioned 50% of Puffin in the breeding season, while 


the applicant has apportioned 0% 


6) Cumulative and In-combination totals are based on an incomplete data set.  The 


following wind farm projects are missing from the assessment : Beatrice Demo, 


Gunfleet 2, Hywind, Inner Dowsing, Kentish flats, Kentish Flats Ext, Kincardine, 


Lynn, Methil, Moray west, Rampion, Scroby Sands, Seagreen A&B (non-


breeding seasons). 


7) This missing data reduces confidence in the assessment and can only result in 


an under-estimation of the cumulative and in-combination assessments. 


 


2.2 GUILLEMOT 


Table 23. Summary of range of potential displacement impacts at EIA North Sea Scale 


and FFC SPA scale for the project alone and cumulatively/in-combination.. Lower 


displacement mortality represents 30% displacement and 1% mortality; upper 


displacement mortality represents 70% displacement and 10% mortality. Data is 


summed from that presented in Tables 1.12 and 1.13 in REP4-049 


Guillemot EIA North Sea (all birds) FFC SPA (adults only) 







 


18 
 


 Project Alone Cumulative Project Alone In-combination 


EA322  529 - 12354   61-1425  


Hornsea 
323 


98 - 2278 655 - 15277 3-59 64-1499 


Table 24. Percentage of baseline mortality for displacement levels for guillemot 


calculated using Applicant’s population size figures. 


Guillemot Impact level. 
Displacement per 
annum. Lower figure 
represents 30% 
displacement and 
1% mortality and 
upper figure 
represents 70% 
displacement and 
10% mortality  


% of baseline mortality using figures for largest 
North Sea Population scale, 2,045,078 
individuals (from Furness 2015) and the 
population size at FFC SPA (41,607 pairs for 
FFC SPA) as used in APP-051. Baseline 
mortality taken from Horswill and Robinson 
2015)  


Project Alone 98 0.07 


2278 1.82 


Cumulative 655 0.52 


15277 12.25 


FFC SPA Project alone 3 0.07 


59 1.31 


FFC in-combination 64 1.42 


1499 33.36 


 


 


                                            
22 Figures presented are from EA3 as most recently consented southern North Sea OWF as starting point for 
the cumulative and in-combination totals. 
23 Figures include EA3 cumulative/in-combo total and in addition – Norfolk Vanguard, Thanet ext (as 
presented in Norfolk Vanguard Environmental statememt, Table 13.73  
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010079/EN010079-
001501-Chapter%2013%20Offshore%20Ornithology%20Norfolk%20Vanguard%20ES.pdf  



https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010079/EN010079-001501-Chapter%2013%20Offshore%20Ornithology%20Norfolk%20Vanguard%20ES.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010079/EN010079-001501-Chapter%2013%20Offshore%20Ornithology%20Norfolk%20Vanguard%20ES.pdf
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2.3 RAZORBILL 


Table 25. Summary of range of potential displacement impacts at EIA North Sea Scale 


and FFC SPA scale for the project alone and cumulatively/in-combination. Lower 


displacement mortality represents 30% displacement and 1% mortality; upper 


displacement mortality represents 70% displacement and 10% mortality. Data is 


summed from that presented in Tables 1.16 and 1.17 in REP4-049 


 


Razorbill EIA North Sea (all birds) FFC SPA (adults only) 


 Project Alone Cumulative Project Alone In-combination 


EA324  252   16-369  


HOW325 26-660 289-6785 0-19 17-393 


 


Table 26. Percentage of baseline mortality for displacement levels for razorbill 


calculated using Applicant’s population size figures. 


 


Razorbill Impact level. 
Displacement per 
annum. Lower figure 
represents 30% 
displacement and 
1% mortality and 
upper figure 
represents 70% 
displacement and 
10% mortality  


% of baseline mortality using figures for largest 
North Sea Population scale, 591,874 
individuals (from Furness 2015) and the 
population size at FFC SPA (10,570 pairs for 
FFC SPA) as used in APP-051. Baseline 
mortality taken from Horswill and Robinson 
2015)  


Project Alone 26 0.05 


660 1.06 


Cumulative 291 0.47 


                                            
24 Figures presented are from EA3 as most recently consented southern North Sea OWF as starting point for 
the cumulative and in-combination totals. 
25 Figures include EA3 cumulative/in-combo total and in addition – Norfolk Vanguard, Thanet ext (as 
presented in Norfolk Vanguard Environmental statememt, Table 13.71  
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010079/EN010079-
001501-Chapter%2013%20Offshore%20Ornithology%20Norfolk%20Vanguard%20ES.pdf 



https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010079/EN010079-001501-Chapter%2013%20Offshore%20Ornithology%20Norfolk%20Vanguard%20ES.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010079/EN010079-001501-Chapter%2013%20Offshore%20Ornithology%20Norfolk%20Vanguard%20ES.pdf
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675 10.93 


FFC SPA Project alone 1 0.05 


19 0.90 


FFC in-combination 17 0.80 


393 18.59 


 


2.4 PUFFIN 


Table 27. Summary of range of potential displacement impacts at EIA North Sea Scale 


and FFC SPA scale for the project alone and cumulatively/in-combination. Lower 


displacement mortality represents 30% displacement and 1% mortality; upper 


displacement mortality represents 70% displacement and 10% mortality. Data is 


summed from that presented in Tables 1.20 and 1.21 in REP4-049. 


Puffin EIA North Sea (all birds) FFC SPA (adults only)26 


 Project Alone Cumulative Project Alone In-combination 


EA327  119-2772  3-59 


HOW328 1-23 120-2802 0 -9 3 -67 


Table 28. Percentage of baseline mortality for displacement levels for puffin 


calculated using Applicant’s population size figures. 


Puffin Impact level. 
Displacement per 
annum. Lower figure 
represents 30% 
displacement and 
1% mortality and 
upper figure 
represents 70% 


% of baseline mortality using figures for largest 
North Sea Population scale, 868,689 
individuals (from Furness 2015) and the 
population size at FFC SPA (980 pairs for FFC 
SPA) as used in APP-051. Baseline mortality 
taken from Horswill and Robinson 2015)  


                                            
26  50% of birds have been apportioned as adults in the breeding season to FFC SPA 
27 Figures presented are from EA3 as most recently consented southern North Sea OWF as starting point for 
the cumulative and in-combination totals. 
28 Figures include EA3 cumulative/in-combo total and in addition – Norfolk Vanguard, Thanet ext (as 
presented in Norfolk Vanguard Environmental statement, Table 13.69 
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010079/EN010079-
001501-Chapter%2013%20Offshore%20Ornithology%20Norfolk%20Vanguard%20ES.pdf 



https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010079/EN010079-001501-Chapter%2013%20Offshore%20Ornithology%20Norfolk%20Vanguard%20ES.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010079/EN010079-001501-Chapter%2013%20Offshore%20Ornithology%20Norfolk%20Vanguard%20ES.pdf
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displacement and 
10% mortality  


Project Alone 1 0.00 


23 0.03 


Cumulative 120 0.15 


2803 3.43 


FFC SPA Project alone 0 0 


9 6.56 


FFC in-combination 3 2.19 


67 48.83 


 


2.5 GANNET 


Table 29. Summary of range of potential displacement impacts at EIA North Sea Scale 


and FFC SPA scale for the project alone. Lower displacement mortality represents 30% 


displacement and 1% mortality; upper displacement mortality represents 70% 


displacement and 10% mortality. Data is summed from that presented in Tables 1.8 and 


1.9 in REP4-049  


Gannet EIA North Sea (all birds) FFC SPA (adults only)29 


 Project Alone Project Alone 


HOW3 10-243 3-67 


 


2.6 EIA 


 


37. Natural England have presented a summary table below (Table 30) of potential EIA 


impacts, based on data presented by the applicant and identified by Natural 


England to be the most closely aligned to our advice (see tables 1, 12, 23, 25, 27, 


31, 36 and 41 for information about the source of these figures).    


                                            
29 63.3% of birds have been apportioned as adults in the breeding season to FFC SPA 
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Table. 30. EIA Summary for all Species. Predicted collisions at North Sea Scale from 


Hornsea Project Three alone and cumulatively with other plans and projects in the 


North Sea. In the case of Guillemot, Razorbill, Puffin and Gannet (displacement) the 


range indicates lower displacement mortality represents 30% displacement and 1% 


mortality; upper displacement mortality represents 70% displacement and 10% 


mortality. For gannet, kittiwake, lesser black-backed gull, great black-backed gull 


and Herring gull (collisions) the range indicates the range associated with variability 


around density, avoidance rate, NAF and flight height estimates. Pink shaded cells 


indicate increasing level of concern regarding impact to the North Sea population. 


 Population 
scale for 
assessment 
(North Sea) 
from Furness 
(2015) 


Project Alone Impact (all individuals) Cumulative Impact (all individuals) 


 


  Impact % Baseline 
Mortality30 


Impact % Baseline 
Mortality31 


Gannet 456,299 49 (10-128)32 0.13 (0.027-0.35) 3168 (2940-3563)33 8.57 (7.95-9.64) 


Kittiwake 839,45634 297 (127-503) 0.242 (0.104-0.41) 4247 (3737-5073) 3.47 (3.05-4.14) 


Lesser Black-
backed Gull 


209,007 17 (4-44) 0.071 (0.017-0.183) 540 (483-650) 2.25 (2.01-2.7) 


Great Black-
backed Gull 


91,399 66 (12-137) 1.03 (0.188-2.14) 1069 (887-1438) 16.7 (13.86-22.5) 


Herring Gull 173,299 9 (1-23) 0.031(0.003-0.08) 784 (727-927) 2.73 (2.53-3.22) 


Guillemot 2,045,078 98-2278 0.07-1.82 655-15277 0.52-12.25 


Razorbill 591,874 28-660 0.05 - 1.06 291-6785 0.47-10.93 


Puffin 868,689 1-23 0.00-0.03 120-2803 0.15-3.43 


 


2.7 LESSER BLACK-BACKED GULL 


                                            
30 Calculated from Horswill & Robinson 2015 
31 Calculated from Horswill & Robinson 2015 
32 Gannet is predicted to experience an additional impact from displacement from Hornsea 3 alone of 10 – 
243 birds, this would increase the %  baseline mortality range to be 0.05-1.00% 
33 Gannet is predicted to experience an additional impact from displacement from Hornsea 3 alone of 10 – 
243 birds, no cumulative displacement figures have been provided to calculate the additional impact of 
displacement from other OWFs, this will result in an under-estimation of cumulative impact to Gannet 
34 Population estimate for all UK colonies within North Sea BDMPS scale (from Furness 2015) 
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Table 31. Summary Figures for Lesser Black-backed Gull Predicted Annual 


Collisions 


LBBG – collisions per annum EIA North Sea (all birds) 


 Project Alone Cumulatively 


East Anglia Three35 n/a 475 


Hornsea Project Three 


based on Applicant’s project 
figures closest to NE advice 
on methods 


17 (4-44)36 540 83-650)37 


38. Details of the collision figures extracted from the Applicant’s REP6-043 that are 


most closely aligned with Natural England’s advice are set out below. Natural 


England notes that these figures from the Applicant do not address the issue of the 


incomplete baseline. 


 


39. These figures are based on the following collision risk modelling parameters for 


lesser black-backed gull: Band Model (2012) Option 2, Nocturnal Activity Factor 


(NAF) 2-3, Avoidance Rates (AR) 99.5% (99.4-99.6), flight speeds from 


Pennycuik1987/Alerstam et al 2007.  


 


40. Numbers in Tables 32-35 are total annual collisions with no apportioning to 


colonies. Green cells indicate the central and range of values for a given set of 


parameters. Numbers taken from Tables 3.13 and 3.14 of Applicant’s REP6-043. 


Table 32. NAF2. Variability in density and AR. Maximum Likelihood Flight height. 


AR/density LCL Mean density UCL 


                                            
35 Figures taken from EA3 as most recently consented southern North Sea OWF as starting point for the 
cumulative totals. These figures have uncertainty associated with them – Natural England do not necessary 
agree with all the assumptions that underpin the figure.  
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010056/EN010056-
001644-EA3%20-%20Revised%20CRM.pdf 
 
36 See Tables below for details of figures 


37 East Anglia Three cumulative total plus 65 (6-175) birds added from Hornsea Project Three, Norfolk 
Vanguard, Thanet Extension. No LBBG impacted at Moray West OWFs 
(http://marine.gov.scot/sites/default/files/00538033.pdf). Norfolk Vanguard figures from Vanguard CRM Link 


Table A4.8 Appendix 3.2. Thanet Extension figures taken from Taken from: Table 3 and associated text 
from: Vattenfall Wind Power Ltd. Thanet Extension Offshore Wind Farm. Appendix 39 to Deadline 3 
Submission: Clarification Note on Collision Risk Modelling Parameters and Thanet Extension’s Contribution 
to Cumulative and In-Combination Totals. No mean value given so taken as central point of range. 


 



https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010056/EN010056-001644-EA3%20-%20Revised%20CRM.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010056/EN010056-001644-EA3%20-%20Revised%20CRM.pdf

http://marine.gov.scot/sites/default/files/00538033.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010079/EN010079-002249-Womble%20Bond%20Dickinson%20on%20Behalf%20of%20Norfolk%20Vanguard%20-%20Appendices%20to%20written%20Questions-%20Email%204.pdf
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99.4 6 19 32 


99.5 5 16 27 


99.6 4 13 22 


Table 33. NAF3. Variability in density and AR. Maximum Likelihood Flight height. 


AR/density LCL Mean density UCL 


99.4 6 21 36 


99.5 5 17 30 


99.6 4 14 24 


 


Table 34. NAF 2. Flight height and AR variation, using mean density 


AR/PCH LCL Mean PCH UCL 


99.4 10 19 40 


99.5 8 16 33 


99.6 6 13 27 


Table 35. NAF 3. Flight height and AR variation, using mean density 


AR/PCH LCL Mean PCH UCL 


99.4 11 21 44 


99.5 9 17 37 


99.6 7 14 29 


 


2.8 GREAT BLACK-BACKED GULL 


Table 36. Summary Figures for Great Black-backed Gull Predicted Annual Collisions 
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GBBG – collisions per annum EIA North Sea (all birds) 


 Project Alone Cumulatively 


East Anglia Three38 n/a 840 


Hornsea Project Three 


based on Applicant’s project 
figures closest to NE advice 
on methods 


66 (12-137)39 1069 7-1438)40 


41. Details of the collision figures extracted from the Applicant’s REP6-043 that are 


most closely aligned with Natural England’s advice are set out below. Natural 


England notes that these figures from the Applicant do not address the issue of the 


incomplete baseline. 


 


42. These figures are based on the following collision risk modelling parameters for 


great black-backed gull: Band Model (2012) Option 2, Nocturnal Activity Factor 


(NAF) 2-3, Avoidance Rates (AR) 99.5% (99.4-99.6), flight speeds from 


Pennycuik1987/Alerstam et al 2007. 


 


43. Numbers in Tables 37-40 are total annual collisions with no apportioning to 


colonies. Green cells indicate the central and range of values for a given set of 


parameters. Numbers taken from Tables 3.17 and 3.18 of Applicant’s REP6-043. 


Table 37. NAF2. Variability in density and AR. Maximum Likelihood Flight height. 


AR/density LCL Mean density UCL 


99.4 18 64 110 


                                            
38 Figures taken from EA3 as most recently consented southern North Sea OWF as starting point for the 
cumulative totals. These figures have uncertainty associated with them – Natural England do not necessary 
agree with all the assumptions that underpin the figure.  
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010056/EN010056-
001644-EA3%20-%20Revised%20CRM.pdf 
 
39 See Tables below for details of figures 


40 East Anglia Three cumulative total plus 229 (47-598) birds added from Hornsea Project Three, Norfolk 
Vanguard, Thanet Extension and Moray West OWFs. Moray West figures derived from 
http://marine.gov.scot/sites/default/files/00538033.pdf ,Table 10.8.19. Norfolk Vanguard figures from 
Vanguard CRM Link Table A4.5 Appendix 3.2. Thanet Extension figures taken from Taken from: Table 3 and 
associated text from: Vattenfall Wind Power Ltd. Thanet Extension Offshore Wind Farm. Appendix 39 to 
Deadline 3 Submission: Clarification Note on Collision Risk Modelling Parameters and Thanet Extension’s 
Contribution to Cumulative and In-Combination Totals. No mean value given so taken as central point of 
range. 


 



https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010056/EN010056-001644-EA3%20-%20Revised%20CRM.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010056/EN010056-001644-EA3%20-%20Revised%20CRM.pdf

http://marine.gov.scot/sites/default/files/00538033.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010079/EN010079-002249-Womble%20Bond%20Dickinson%20on%20Behalf%20of%20Norfolk%20Vanguard%20-%20Appendices%20to%20written%20Questions-%20Email%204.pdf
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99.5 15 53 92 


99.6 12 42 73 


Table 38. NAF3. Variability in density and AR. Maximum Likelihood Flight height. 


AR/density LCL Mean density UCL 


99.4 24 79 136 


99.5 20 66 113 


99.6 16 53 91 


 


Table 39. NAF 2. Flight height and AR variation, using mean density 


AR/PCH LCL Mean PCH UCL 


99.4 50 64 110 


99.5 42 53 92 


99.6 33 42 73 


Table 40. NAF 3. Flight height and AR variation, using mean density 


AR/PCH LCL Mean PCH UCL 


99.4 62 79 137 


99.5 52 66 114 


99.6 42 53 91 


 


2.9 HERRING GULL 


Table 41. Summary Figures for Herring Gull Predicted Annual Collisions 


HG – collisions per annum EIA North Sea (all birds) 
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 Project Alone Cumulatively 


East Anglia Three41 n/a 701 


Hornsea Project Three 


based on Applicant’s project 
figures closest to NE advice 
on methods 


9 (1-23)42 784 27-927)43 


44. Details of the collision figures extracted from the Applicant’s REP6-043 that are 


most closely aligned with Natural England’s advice are set out below. Natural 


England notes that these figures from the Applicant do not address the issue of the 


incomplete baseline. 


 


45. These figures are based on the following collision risk modelling parameters for 


Herring gull: Band Model (2012) Option 2, Nocturnal Activity Factor (NAF) 2-3, 


Avoidance Rates (AR) 99.5% (99.4-99.6), flight speeds from 


Pennycuik1987/Alerstam et al 2007.  


 


46. Numbers in Tables 42-45 are total annual collisions with no apportioning to 


colonies. Green cells indicate the central and range of values for a given set of 


parameters. Numbers taken from Tables 3.15 and 3.16 of Applicant’s REP6-043. 


Natural England note that there may be errors in the Table 3.15 (indicated in 


brackets in the table below). 


Table 42. NAF2. Variability in density and AR. Maximum Likelihood Flight height. 


AR/density LCL Mean density UCL 


98.7 1 9 12 (19) 


                                            
41 Figures taken from EA3 as most recently consented southern North Sea OWF as starting point for the 
cumulative totals. These figures have uncertainty associated with them – Natural England do not necessary 
agree with all the assumptions that underpin the figure.  
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010056/EN010056-
001644-EA3%20-%20Revised%20CRM.pdf 
 
42 See Tables below for details of figures 


43 East Anglia Three cumulative total plus 83 (26-226) birds added from Hornsea Project Three, Norfolk 
Vanguard, Thanet Extension and Moray West OWFs. Moray West figures derived from 
http://marine.gov.scot/sites/default/files/00538033.pdf ,Table 10.8.16. Norfolk Vanguard figures from 
Vanguard CRM Link Table A4.4 Appendix 3.2. Thanet Extension figures taken from Taken from: Table 3 and 
associated text from: Vattenfall Wind Power Ltd. Thanet Extension Offshore Wind Farm. Appendix 39 to 
Deadline 3 Submission: Clarification Note on Collision Risk Modelling Parameters and Thanet Extension’s 
Contribution to Cumulative and In-Combination Totals. No mean value given so taken as central point of 
range. 


 



https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010056/EN010056-001644-EA3%20-%20Revised%20CRM.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010056/EN010056-001644-EA3%20-%20Revised%20CRM.pdf

http://marine.gov.scot/sites/default/files/00538033.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010079/EN010079-002249-Womble%20Bond%20Dickinson%20on%20Behalf%20of%20Norfolk%20Vanguard%20-%20Appendices%20to%20written%20Questions-%20Email%204.pdf
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98.9 1 7 10 (16) 


99.1 1 6 8 (13) 


Table 43. NAF3. Variability in density and AR. Maximum Likelihood Flight height. 


AR/density LCL Mean density UCL 


98.7 1 11 23 


98.9 1 9 20 


99.1 1 7 16 


Table 44. NAF 2. Flight height and AR variation, using mean density 


AR/PCH LCL Mean PCH UCL 


98.7 6 9 15 


98.9 5 7 12 


99.1 4 6 10 


Table 45. NAF 3. Flight height and AR variation, using mean density 


AR/PCH LCL Mean PCH UCL 


98.7 7 11 19 


98.9 6 9 16 


99.1 5 7 13 
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 Features Subitdal 
Coarse 
Sediment 


Subtidal 
Mixed 
Sediment 


Subtidal 
Sand 


Subtidal 
Chalk 


Peat and 
Clay 
Exposures 


North 
Norfolk 
Coast 
(Subtidal) 


Moderate 
Energy 
Infralittoral 
Rock 


Moderate 
Energy 
circalittorial 
rock 


High 
Energy  
infralittoral 
rock 


High 
Energy 
circalittoral
rock 


1.1   
Site Status 
  


Cromer Shoal Chalk Beds MCZ is a designated tranche 2  MCZ  
 


1.2 Feature 
Condition 


Whilst the site has a conservation advice package, there has been no condition assessment undertaken for the site. Evidence is being 
collected in 2019/20 to inform the condition assessment currently planned for 2020/21. However, it is noted that the conservation advice 
package and advice on operations has identified that the cable installation for Sheringham Shoal and Dudgeon OWFs will have impacted 
the site. There is however, no empirical data to inform the scale and significance of the impacts on the favourable condition of the site. 
 
https://designatedsites.naturalengland.org.uk/Marine/MarineSiteDetail.aspx?SiteCode=UKMCZ0031&SiteName=MCZ&countyCode=&res
ponsiblePerson=&SeaArea=&IFCAArea= 
 


2.1 Baseline 
Characterisa
tion 


The applicant has undertaken their own survey work, which has provided a good level of coverage across the site. Therefore we consider 
that there is sufficient information to characterise the broadscale habitats within the site (i.e. the site features) in order to facilitate a WCS 
assessment of the potential impacts on the site. 
 
This can then be refined when further pre-construction monitoring becomes available. 


3.1 Assessment 
of Impacts 
and 
significance 


The current assessment assumes that a WCS would involve trenching through the MCZ. However, Natural England considers that whilst 
the impacts from HDD may be smaller in area, they may also be significant depending on the recoverability of the features. (i.e Both 
impacts have the potential to impact different features in different ways). This will be dependent on the scale of the impact and not just 
extent and permanency of the associated activities including cable and scour protection. 
 
Assessment of a potential operation in any protected area focuses on understanding how the conservation objectives are affected. In 
practice this mainly relates to understanding how the potential operations affect the designated features. For Cromer Shoal, all features 
have a general management approach to ‘maintain’ favourable condition. 
 
As such, a critical piece of information needed for assessment is the amount of operations expected to occur in each feature.  



https://designatedsites.naturalengland.org.uk/Marine/MarineSiteDetail.aspx?SiteCode=UKMCZ0031&SiteName=MCZ&countyCode=&responsiblePerson=&SeaArea=&IFCAArea

https://designatedsites.naturalengland.org.uk/Marine/MarineSiteDetail.aspx?SiteCode=UKMCZ0031&SiteName=MCZ&countyCode=&responsiblePerson=&SeaArea=&IFCAArea





 
The Applicant has presented figures of the area of each feature within the MCZ which they consider will be impacted by the operations, 
however there is still some uncertainty about the depth of the layer of sand at the exit pit locations and the potential for other features to 
be present and/or impacted from the disposal activities; especially in relation to the cofferdams 
 
 Just because it is small scale impact doesn’t mean it is not insignificant. But currently the evidence in relation to this and the amount of 
cable protection required in the site which would potentially result in a permanent change in habitat is uncertain.  
 
The disposal locations have also not been assessed.  
 
Issues raised in relation to the RIES are also pertinent for the MCZ in relation to colonisation of cable protection, decommission of cable 
protection, sand wave levelling and understanding the significance of the impacts in terms of temporary/permanency and recoverability of 
the site. With a predicted 191200 m2 temporary impact to the MCZ. However, this is not fully linked the conservation objectives of the 
site and the vulnerability of the features. 
 


4.1 Measures of 
Equivalent 
Environment
al Benefit 


As highlighted above, Natural England currently unable to provide definitive advice on the significance of the impact on the features of the 
designated site. 
 
There is currently no formal guidance in relation to Measures of Equivalent Environmental Benefit (MEEB) and there and there have been 
no other cases that have reached this stage. Therefore, should the SoS conclude that MEEB are required, this case would be precedent 
setting. 
 
In the absence of guidance/experience to draw upon, we would recommend that discussions relating to MEEB include input from the 
SNCBs, Regulatory Agencies (i.e. MMO and BEIS) and Defra. 
 


5.1 Summary Natural England questions the conclusions of the MCZ assessment for the Cromer Shoal Chalk beds and believes there is sufficient 
uncertainty in relation to the impacts to the features and coastal processes, and recoverability of the features, to have limited confidence 
in the Stage 1 conclusion that there will be no significant risk of HOW03, hindering the achievement of the conservation objectives for the 
Cromer Shoal MCZ.  
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 Features Subitdal Coarse Sediment Subtidal Mixed Sediment Subtidal Sand Subtidal Mud 


1.1   
Site Status 
  


Markham's Triangle was included in the third tranche of MCZ consultation and is now a proposed MCZ  or ‘pMCZ’ which 
means that it is a material consideration. 
 
Defra's Tranche 3 consultation was held over Summer 2018. The outcome of this consultation and the decision regarding 
the designation of this site is yet to be announced. At the moment there is no indication of a likely timeframe for this 
announcement. 
 
NE/ JNCC note that the Tranche 3 consultation was announced after the Applicant had submitted the Application, and 
therefore we welcome that the site was assessed. 


1.2 Feature 
Condition 


As the site is yet to be designated, there is no conservation advice package available. 
 
The Conservation Objectives of the site are yet to be determined, but it should be noted that the consultation document 
indicated a General Management Approach of 'Restore' for all features. This should be taken into account when 
considering the significance of impacts on the site. 
 
 
Extents of the features within the site are as follows: Coarse Sediment 145.56km2, Sand 26.35 km2, mud 1.49km2, Mixed 
sediment 27.54km2 


2.1 Baseline 
Characterisation 


The applicant has undertaken their own survey work, which has provided a good level of coverage across the site. 
 
NE/JNCC have highlighted that the Applicant has taken a non-standard approach to their assessment procedure and in 
particular the allocation of biotopes and that this makes it difficult to make comparisons across datasets and to draw 
conclusions with the highest level of certainty at the biotope level. However, we note that the applicant's conclusions align 
with additional surveys - (Defra Cefas & JNCC), and therefore consider that there is sufficient information to characterise 
the broadscale habitats within the site (i.e. the site features) in order to facilitate a WCS assessment of the potential 
impacts on the site. 
 
This can then be refined when further pre-construction monitoring becomes available. 


2.2 
 


Subtidal Mud: NE/JNCC 
note that subtidal mud 
was not identified within 
the development area, 
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therefore we are happy 
for this to be removed 
from further 
consideration. 


3.1 Assessment of 
Impacts 


At deadline 3, the Applicant Submitted a pMCZ Lifetime Effects Assessment [REP3-023] within 
which they committed to reducing the proportion of the array within the pMCZ from 24% to 
10.5%, and that this will be secured within the DCO/DML and therefore supersedes the 
positon set out in the ES. 
 
Natural England and JNCC welcome this reduction of infrastructure within the site. 
 
Assessment of a potential operation in any protected area focuses on understanding how the 
conservation objectives are affected. In practice this mainly relates to understanding how the 
potential operations affect the designated features. For Markham’s Triangle, all features have 
a general management approach to "restore" to favourable condition. 
 
As such, a critical piece of information needed for assessment is the amount of operations 
expected to occur in each feature. The Applicant has presented figures of the area of each 
feature within the MCZ which they consider will be impacted by the operations on both a 
temporary and permanent basis in Table 1.1 of REP3-023. However, it is not clear to NE how 
these figures were calculated, specifically with regard to how the potential overlap with each 
feature was considered. Therefore we do not feel able to comment on these conclusions. 
 
Within REP3-023, the Applicant has provided a detailed breakdown of the potential area of 
broadscale habitat impacted as a result of each project element at each phase (construction 
O&M and decommissioning). This information has then been used to inform assumptions 
around the likely areas of habitat permanently and temporarily affected at each stage.  
 
NE/JNCC’s advice on impacts to the features of this site would align with our advice on other 
designated sites. Therefore there are some project elements that have been considered to be 
temporary, that we would consider to be persistent and/or permanent depending on the 
feature- for example cable protection.  
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4.1 Significance The applicant has calculated that the level of temporary habitat loss would equate to 2% of 
the overall site, with a permanent habitat loss of 0.12% of the entire site [N.B NE/JNCC 
suggests that these figures would require an adjustment to take account of our advice on 
impacts]. Whilst this relates to a fairly sizable area in km2, NE/JNCC accept that this is 
relatively small in the context of the entire site. 
 
However, the level of impact and impacts of significance need to be understood at a feature 
level before any conclusions regarding the significance can be drawn. 
 
The Subtidal Coarse Sediment feature dominates the site, and therefore impacts on the scale 
described in REP2-023 may prove to be relatively small in the context of the feature. 
However, sand and mixed sediment are present in much smaller amounts within the site and 
therefore impacts on these features may be significant. 


 


5.1 Measures of 
Equivalent 
Environmental 
Benefit 


As highlighted above, Natural England currently unable to provide definitive advice on the 
significance of the impact on the features of the designated site. 
 
There is currently no formal guidance in relation to Measures of Equivalent Environmental 
Benefit (MEEB) and there and there have been no other cases that have reached this stage. 
Therefore, should the SoS conclude that MEEB are required, this case would be precedent 
setting. 
 
In the absence of guidance/experience to draw upon, we would recommend that discussions 
relating to MEEB include input from the SNCBs, Regulatory Agencies (i.e. MMO and BEIS) and 
Defra. 
 


 


6.1 Summary Natural England hopes to have further discussions with the applicant to try to address some of the issues highlighted 
above prior to the close of the examination. 
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 Features Consideration Annex I Sandbanks Annex I Reef 


1.1 Feature condition  Our latest view on condition is that the 
sandbank feature is in unfavourable 
condition and needs to be restored to 
favourable condition. Restoration of the 
feature requires an overall reduction, or 
removal, of pressures associated with 
human activities that cause impacts to the 
sandbanks’ extent and distribution, 
delineated by both substratum and 
biological communities. As such, any human 
activities which can cause pressures 
resulting in changes to substratum or 
biological communities to the sandbank 
feature may present a risk to the site’s 
restoration.  
 
We note that there is no expectation that 
The Applicant should demonstrate recovery 
of the site. Recovery is an objective for all 
sectors placing pressure on the site, 
including oil and gas, renewables, 
aggregates and fisheries. We do, however, 
expect The Applicant to demonstrate the 
risk levels that they believe their proposed 
operations will present to the restoration of 
the extent and distribution of the sandbank 
feature. We note that The Applicant may 
find our discussion of mitigation below 
helpful in this. As a minimum, this would be 
to demonstrate that proposed activities will 
be mitigated to not impede restoration, i.e. 
that activities will not increase the site’s 


Our latest view on condition is that the 
reef feature is in unfavourable condition 
and needs to be restored to favourable 
condition. Installation and/or removal of 
infrastructure may have a continuing 
effect on extent and distribution of the 
reef within the site. Restoration of the 
feature requires an overall reduction, or 
removal, of pressures associated with 
human activities that cause impacts to 
the reefs’ extent and distribution, 
delineated by both substratum and 
biological communities. As such, any 
human activities which can cause 
pressures resulting in changes to 
substratum or biological communities to 
the reef feature may present a risk to the 
site’s restoration. Activities must look to 
minimise, as far as is practicable, 
damaging the established, i.e. high 
confidence, reef within the site. 
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exposure to damaging pressures, 
particularly in regard to changes in extent 
and distribution of substratum and 
biological communities.  


2.1 Survey Data Project specific incl. 
Survey effort 


NE considered that the initial survey effort was sufficient to provide a basic consent 
characterisation of the development area, and that this level of information remains 
suitable at an EIA scale. Recognising that further surveys will be required should 
consent be granted. 
 
However, Natural England highlights that the levels of information/evidence/data 
required to understand the potential scale of the impacts of a proposal on designated 
site features often go beyond those that would be required to characterise the 
development area.  Especially where an Adverse Effect on Integrity can't be ruled out 
and/or consideration is required in relation to the suitability of any proposed mitigation 
measures to minimise the impacts to an acceptable level. 
 
Often, the tools and techniques required to undertake a development activity, such as 
cable installation, can vary significantly depending on the ground conditions, and 
consequently the impacts arising from the installation can also vary.  
In some cases, the requirements in a particular location may be easily determined from 
a fairly basic level of site characterisation. For example, where exposed bedrock is 
identified it may be relatively easy to confirm the techniques required for installation 
and to consider the impacts on that feature. However, in a sediment habitat, the 
techniques required may depend not only on the surface substrate/biotope, but also on 
the underlying geology, and therefore further investigative work may be required in 
order to establish the likely installation method before the impacts could be considered 
and/or mitigated. 
 
It would have been beneficial if a more complete PEIr had been provided during the 
pre-application phase and during this phase sufficient time was allowed for issues and 
potential evidence gaps to be addressed. However, the lack of additional evidence to 
reduce the uncertainty in relation to scale of the impacts and possible mitigation 
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measures is unlikely to resolved within the examination phase and remains an 
outstanding concern. 


2.2  SNCB site management As part of management of designated sites, the SNCBs will periodically commission 
designated site surveys. However, due to the size of the offshore sites it is unlikely that 
the whole site will be surveyed at any one time.  These surveys are broad scale mapping 
surveys to inform site management measures and therefore are not of sufficient 
resolution and/or scale to be used to determine impacts to designated features from 
sustainable development. As set out at Deadline 6  in relation to management 
measures for the restoration for Saturn Reef, the SNCBs have to use the best available 
information, determine confidence levels and then apply appropriate precaution to 
ensure a site favourable condition 


2.3  Desked based Study It is prudent to use all available data sets to support project specific data and/or fil any 
evidence gaps. During the evidence plan process JNCC highlighted the data sets held by 
the oil and gas companies within this site. These data sets helped informed alteration of 
the route near the Darlek arm.  


3.1 Characterisation 
 


Biotopes Whilst we recognise that the biotopes used 
by the applicant are more precautionary 
than alternative ones. The approach taken 
to biotope classification does not follow the 
standard approach. 
 
Whilst this may present varying levels of 
risk in understanding the impacts of this 
application to features at an EIA level and 
within designated sites (which will be 
detailed below), Natural England would also 
highlight the importance of the use of a 
‘common currency’ approach to facilitate in 
combination and cumulative assessments, 
not just for this project, but for future plans 
and projects that may need to take account 
of Hornsea 3 in their assessments.  


N/A 
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3.2  Site Features JNCC considers that the site boundary 
delineates the sandbank feature, supported 
by the original Site Assessment Document 
(JNCC, 2010) and further validated by 
recent biological community analysis (Parry 
et al., 2015). Therefore there is no site 
fabric and any or all impacts with the site 
will be on Annex I features 


See point above about management 
measures for Saturn Reef. 


4.1 Consideration of 
impacts to site 
features and 
significance 
 
 


Site Preparation work 
(none sandwave levelling) 


In the Applicants RIAA [APP - 051] Benthic impacts from the cable route prep. were not 
included such as grapnel run, UXO clearance, boulder clearance and sandwave 
clearance. Therefore further consideration should be given to the cumulative impacts 
to the site features.  


4.2  Sandwave levelling Location of impact: 
Natural England advises that the proposed 
sandwave levelling within NNS SAC is 
levelling/changing of Annex I habitats i.e. 
mobile part of Annex I sandbanks and 
wholly within designated feature. 
 
Recovery: 
Sandwave clearance activities have only 
been proposed and undertaken relatively 
recently and consequently there is limited 
evidence on how well this approach works, 
whether cables remain buried thus avoiding 
the need for additional cable protection, 
and very limited evidence on how quickly 
dredged areas recover.  
 
The applicant has provided additional 
information in REP-020 outlining their 


N/A 
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experience at one of their other projects, 
Race Bank Offshore Windfarm. This report 
provides some evidence to support the 
potential for recovery of affected features 
after sandwave levelling has occurred. 
However, at this stage there is not 
sufficient information available to 
determine if full recovery to pre impact 
condition can be achieved or to determine 
a potential timescale for recovery, and it is 
also unclear if the findings at Race Bank 
(nearshore project) would be relatable to 
all sandwave/sandbank features, including 
the much larger examples found further 
offshore. 
 
The main factors that are considered to 
influence the recovery potential (i.e. the 
mechanism and speed of recovery) of the 
levelled sandwaves are: 
• The dimensions of the dredged area, 
particularly the width and depth of the 
dredged channel relative to the overall 
sandwave height, and the alignment of the 
dredged channel relative to the crest axis; 
and 
• The degree of sediment mobility at the 
dredge location, which is in turn controlled 
by the environmental forcing conditions 
and water depth. 
 
It would therefore be useful to ensure any 
assessment of the offshore sites take this 
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into consideration and we believe that the 
relevant site information is available to 
undertake such an assessment. 
Understanding these factors would also 
inform assessment of hydrological process 
impact within site integrity tests. 
 
In addition no consideration has been given 
to potential remediation plan using proven 
techniques 
 
Scale of Impacts: 
The scale of the proposed sandwave 
levelling with North Norfolk Sandbanks is X 
which is a considerable volume of material 
and can’t be considered as de minimus 
even if the sediment can be retained within 
the system (see Mitigation below). It would 
be good to know how the proposed 
sandwave levelling will impact on Ower and 
Leman sandbanks and how that will effect 
their contribution to site feature. 
 
Based on our current understanding, JNCC 
do not consider it likely that human 
activities taking place within the site have 
the potential to permanently impact on the 
large-scale topography of the North Norfolk 
sandbanks. They could, however, have an 
impact on the other variables that help 
define the extent and distribution of a 
sandbank, namely sediment composition 
and biological assemblages.  
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Of note for the industrial activities taking 
place within the site are operations 
associated with the deposition of material 
(e.g. rock dump), or other alteration of 
surface sediment (e.g. drill cuttings and 
cabling operations), that are likely to lead 
to a persistent change to substrate which is 
not suitable habitat for sandbank 
communities. 
 
As such, some of the sandbank’s extent and 
distribution is lost, in that there are areas 
present within the site that no longer 
represent sandbank feature, as defined by 
sediment composition and/or biological 
communities, because the substrate has 
been changed. We believe that there has 
been physical change in sediment 
composition as a result of industrial activity 
in the site, but it is unclear what impact this 
may have on overall sediment composition 
and distribution. Furthermore, due to lack 
of evidence about deposits present within 
the site (i.e. not based on anticipated worst 
case scenario estimates), it is currently not 
possible to quantify the loss of extent.   


4.3  Deposition of sediment As yet the deposal location/s has/have not 
been agreed. Therefore there is no 
guarantee that the sediment will remain 
within the system. A loss of Annex I 
sediment is considered to be Likely 
Significant effect, The quantities proposed 


All Areas of Annex I Reef and areas 
managed as reef should be excluded for 
direct disposition and mechanisms 
should be put in place to ensure indirect 
impacts through sedimentation is limited 
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(X m3) in the Application this is not 
considered to be de minimus and/or in 
consequential. Therefore we advise that an 
adverse effect on integrity can't be 
excluded. It should be noted that there is a 
difference in the particle size of the Annex I 
sandbank sub features. Therefore there is 
the potential for a significant difference in 
particle size between the removal and 
disposal locations resulting in a change in 
the extent of Annex I habitats; the temporal 
scale of which is unknown for sandwave 
levelling and within this site.  Without 
further restrictions on disposal locations 
there is also the potential for Annex I reef 
to be significantly impacted.  
 
We would therefore advise that there are 
disposal conditions included within  the 
DML: identify the disposal locations; the 
locations ensure that sediment remains 
within the Annex I sandbanks system;  the 
particle size as the disposal locations is 95% 
similar that of the removal location and 
Annex I reef and areas being managed as 
such (Plus buffer) are avoided 


to an acceptable level; including those 
areas to be managed as reef. 


4.4  Cable Protection  Natural England’s advice remains 
unchanged from our Deadline 1 Written 
Reps. Having considered the RIAA, and 
further documents submitted by the 
applicant during examination including 
the measures proposed to mitigate for 
any adverse effects. It is the advice of 
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Natural England that it is not possible to 
ascertain that the proposal will not result 
in adverse effects on the integrity of the 
site in question either alone or in-
combination.  
 
Further assessment and consideration of 
mitigation options is required, and 
Natural England provides the following 
advice on the additional assessment 
work required; 
 
NE remains concerned that evidence 
presented by the applicant does not 
sufficiently show that there will be no 
permanent, long-lasting and adverse  
loss of SAC habitat as a result of the 
proposed cable protection; in coming to 
this view we advise the following;  
 
- The predicted impacts will directly 
affect the SAC feature. 
 
 - We are not satisfied that the likely 
impacts can be considered to be of a 
temporary nature. Natural England 
remains concerned about the 
decommissioning of rock protection that 
is proposed to make good any impact. 
We do not believe that this has been 
satisfactorily addressed by Annex 2 JdN 
‘Technical note for decommissioning 
Race Bank Export Cable rock protection’ 
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we have the following comments: See 
Annex C of D7 response.  
 
- The predicted Impacts are only 
considered by Applicant to be significant 
if impacting on existing Annex I 
Sabellaria spinulosa reef (priority 
habitat). And therefore that impact of 
that feature is small. However, this 
feature is in unfavourable condition due 
to anthropogenic activities. The 
placement of rock armour within the 
area for the management of reef would 
in our view hinder the restoration of this 
feature. We consider that the 
establishment of Sabellaria spinulosa on 
artificial substrate does not form part of 
the SAC feature and is not ""counting"" 
towards its conservation objectives, in so 
much as if reef grows back over rock 
armouring then it's still unfavourable 
condition, as it is not the biotope set out 
in conservation advice i.e. it is not a 
replacement for Sabellaria spinulosa reef 
on natural site sediment habitat.  
  


4.5  Phased Build Natural England notes that in [REP - 178] the applicant has not an anticipated that 
recovery will happen between both the different construction stages and the phased 
builds. Therefore any Appropriate Assessment would need to take into account both 
the spatial and temporal impact to the interest feature/s of the site. As there could 13 
years of impact before the site would start to recover and up to 18 before full recovery 
could occur unless cable protection was used when we believe there would be a 
permanent habitat change. 
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Therefore we can confirm that we do not believe the cumulative impact is flawed, it is 
more a recognition of the temporal scale of the impacts  


4.6  Operation and 
Maintenance 


See Natural England advice on cable 
protection (ANNEX C @ D7) 


See Natural England advice on cable 
protection (ANNEX C @ D7) 


5.1 Mitigation  Whilst at Para 11. of Annex D4 [REP1- 217] 
we suggested some mitigation that has 
been used for other industries. The only 
mitigation that has been presented to 
reduce the impacts has been one of 
potential removal at the time of 
decommissioning.  
 
As set in our response to Deadline 6 the 
Cable Installation Plan and the conditions 
with that including the use of an ECOW may 
ensure the real time compliance with the 
requirements of the DML condition 
documents, but it doesn't address the 
current LSE sufficiently to exclude an 
adverse effect on integrity and meet the 
requirements of the habitats directives i.e. 
the presence/use of a ECOW s not 
mitigation." 


Based on JNCC reef layer data provided 
at Deadline 5 NE and JNCC advise that 
the Sabellaria spinulosa area to be 
managed as reef straddles the Saturn 
reef area of the cable route. {Put in RB 
advice about byelaw]. Therefore, we 
advise that this management area is 
avoided. 
 
If as anticipated the removal of 
anthropogenic activities enables the 
recovery of Annex I reef and cabling is 
permitted within this area there is a high 
probability that there will be sufficient 
space to micro-route around the reef 
features. Therefore, whilst we continue 
to advocate that the standard mitigation 
measure/marine licence conditioned to 
avoid reef features is included in the 
Projects DML it may not be feasible to do 
so. To address this the Applicant has 
included the caveat ‘where possible’, but 
NE and JNCC have concerns about the 
increased level of risk to the integrity of 
the site such a caveat would endorse as 
there are no parameters to assess and 
agree what is “possible”.  
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We do not consider the applicant’s 
consideration of routing through ‘lower 
quality’ reef to be acceptable, because  
in terms of restoration of conservation 
objectives the ‘lower quality’ reef 
mentioned by the applicant is still 
contained within area to be managed as 
reef, with the protection provided by 
Annex I status. 
 
Furthermore whether reef is avoided or 
not during installation there does remain 
a risk during O&M cable remediation 
activities that reef could establish across 
the cable corridor or nearby areas where 
remediation activities needed to occur. 
Accordingly, every effort should be 
made, with input from the MMO and NE, 
to minimise the impacts at the time of 
undertaking the works. 


6.1 Recovery  We note the Applicant’s conclusion of “high 
confidence that the seabed will recover to a 
new natural equilibrium state within a 
timescale of months to years.” We would 
suggest that approaching a new equilibrium 
may not be in accord with restoration of 
the site, if that new equilibrium is out with 
the sediment composition or biological 
communities expected from the designated 
feature. 
 


Natural England agrees The applicant has 
cited that Sabellaria spinulosa reef can 
establish on rock amour and therefore 
the Annex I habitat can recover. 
However, it is the SNCB advice that the 
establishment of Sabellaria spinulosa on 
artificial substrate doesn't "count" 
towards favourable condition, in so 
much as if reef grows back over rock 
armouring then it's still unfavourable 
condition, as it is not the biotope set out 
in conservation advice i.e. it is not a 
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replacement for Sabellaria spinulosa reef 
on natural site sediment habitat. 


7.1 Restoration  No consideration have been given to any 
remediation plan using proven techniques 


Natural England doesn't believe that 
there is any remediation and/or 
restoration that can be undertaken to 
restore this feature to any pre impact 
state. 
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1. Documents used to inform the RIES – Applicant’s position 


1.1. Natural England notes that the RIES is based on the conclusions presented in 
the Applicant’s RIAA (Report to Inform an Appropriate Assessment), which was 
submitted with their application [APP-051] and the accompanying annexes. 
However, we note that the Applicant has made a number of subsequent 
submissions throughout the examination, some of which indicate a change in 
their position. 


1.2. This is particularly the case for their assessment of ornithological impacts, where 
(for example) they have made multiple submissions based on revised 
parameters of their collision risk modelling (and in some cases there are 
revisions to revisions). 


1.3. Natural England notes that in some cases, updated versions of assessments 
are referred to in the supporting notes, but not always. Consequently it is not 
always clear if the planning inspectorate are considering the applicant’s position 
in the RIAA, or a subsequent position in their analysis. 


1.4. In previous submissions, Natural England has highlighted that it is no longer 
clear what the applicant’s current position is, and how far this departs from their 
original ES and RIAA. 


1.5. It is important to note that clarity on this point is not only important for this 
examination, but will also be important for current and future applications which 
need to take account of this one in their cumulative and in-combination 
assessments. 


 
 


2. Likely Significant Effects – Screening 


 


2.1. As highlighted in our Written Representation [REP1-213] para 5.1.1, Natural 
England does not consider the Applicant’s approach to identifying LSE is robust 
and may have/has led to sites and their features not being considered fully. 


2.2. The ‘significance test’ is a coarse filter intended to identify which proposed plans 
and projects require further assessment. It is the first stage of the process, and 
is distinct from the appropriate assessment of ‘adverse effect on integrity’ that 
follows. Unless the impact can be considered to be trivial or inconsequential, it 
should be screened in to the appropriate assessment. 


2.3. Consequently, Natural England has advised that where there is an impact 
pathway between a designated site feature and the proposed activity/activities, 
the feature should be screened in to the appropriate assessment.  


2.4. In a number of cases throughout their screening, the applicant has screened out 
feature on basis that they consider the level of impact to be of minor or/low 
significance alone. These terms are more applicable to an EIA assessment and 
do not always translate to a conclusion of no Likely Significant Effect. 
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2.5. Although these potential impacts may be considered to be of minor or low impact 
to the designated site alone, the potential significance of their impact in 
combination has not been considered. 


2.6. Natural England has provided detailed comments in the tables below to indicate 
where we consider that additional features of the identified sites should be 
carried through to the appropriate assessment. 


2.7. However, we also consider that there may be additional Special Protection 
Areas with features that have connectivity to the development Zone that have 
not been captured. We note that the applicant has focussed their considerations 
on connectivity in the breeding season. However, there may be an impact 
pathway for a number of species in the non-breeding season. To establish this, 
an assessment should be conducted using the Biologically Defined Minimum 
Population Scales BDMPS [a copy of this submitted at Deadline 7] of the species 
present at the project site in the season under-consideration. 


 
 


3. Detailed comments 


 


 Section Comment 


3.1 3.0.9 Natural England reiterates our concerns that LSE was ruled out 
on the basis of less than 1% baseline mortality alone.  
 
Firstly, reaching this conclusion requires a level of analysis and 
is therefore better captured within an appropriate assessment. 
 
Secondly, the impacts on these features have not been 
considered in-combination. 
 
[N.B. Natural England advise that features are screened in to the 
Appropriate Assessment where there is an impact pathway, but 
the level of assessment undertaken at that stage should be 
proportionate. 
 
For example, where it is concluded that the impact is less than 
1% of baseline mortality, it may not be necessary to undertake a 
Population Viability Analysis, but the totals should be included in 
the in combination assessment. 
 


3.2 3.1.1 Natural England’s concerns in relation to the Applicant’s 
approach to LSE are three-fold: 


 Firstly, we have concerns that the applicants approach to 
LSE screening has resulted in features being screened 
out on the basis of low level of impact ‘alone’, without 
consideration of that impact in-combination. 


 Secondly, with respect to Marine SPAs, we do not 
consider that that the impact pathways within the non-
breeding season have been adequately assessed. 


 Thirdly, where baseline data is incomplete, a more 
precautionary approach should be taken to LSE 
screening. (i.e. numbers of birds present in the array 
area in the winter period, features present along the 
cable route in W&NNC SPA etc.). 
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 Section Comment 


 
Natural England highlights that alongside the conclusions 
disputed on 6 sites, there are also likely to be addition 
sites/features that have not been included on this list. 
 


3.3 4.1.1 As highlighted, Natural England does not consider that the 
Applicant has undertaken a comprehensive screening exercise. 
Therefore the conservation advice provided in REP1-213 does 
not cover all sites for which we may have concerns. 
 
(In section 5.1.1 of REP1 -213 it is made clear that the 
information provided should not be considered ‘complete’ due to 
our concerns regarding the screening). 
 


3.4 4.2 It should also be noted that Adverse Effect on Site integrity 
cannot be ruled out for harbour porpoise in the Southern North 
Sea SCI/SAC in combination. 
 
We are able to conclude in this instance that there are 
mitigation/avoidance measures available that are capable of 
mitigating these impacts, but as the exact timing and scale of 
construction is not known it is not possible to establish a 
mitigation plan at this stage. 
 
This will be achieved prior to construction through the production 
of a Site Integrity Plan (SIP) which will require sign off prior to 
construction. In order for the SIP to be signed off, it must be 
demonstrated that there will be no Adverse Effect on Site 
Integrity from the project alone and in-combination.  
 


3.5 4.5.2 Natural England would highlight that there has not yet been a 
discussion regarding alternatives. 


 
 
 
 


4. Comments on Table 3.1: Sites/features for which the Applicant has 


identified likely significant effects 


 


 Comment: 


4.1 Overarching comment :  
As highlighted in our Written Representation [REP1-213] para 5.1.1, Natural England 
does not consider the Applicant’s approach to identifying LSE is robust and may have led 
to sites and their features not being considered fully. 
 


4.2 Coquet Island SPA:  
 
Natural England expected that consideration would be given to the potential impact 
pathway for other features of the SPA (including the assemblage). 
 


4.3 Farne Islands SPA :  
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 Comment: 


Natural England expected that consideration would be given to the potential impact 
pathway for other features of the SPA (including the assemblage). 
 


4.4 Fourth Islands SPA:  
 
Natural England expected that consideration would be given to the potential impact 
pathway for other features of the SPA (including the assemblage). 


4.5 Flamborough and Filey Coast SPA : 
 
Fulmar are part of the assemblage feature, but are missing from this table. 
 
Natural England queries why this is the case when fulmar have been considered in the 
context of other sites (Coquet, Farnes, Fourth). 
 
Natural England note that fulmar at Flamborough have been considered in Annex 1. 
 


4.6 Greater Wash SPA:  
 
Little tern and little gull should also be screened in.  
 
Potential impact pathways on these SPA features include displacement and disturbance 
impacts, as well as indirect effects on prey availability associated with construction/laying 
of the cable. 
 
 


4.7 The Wash and North Norfolk Coast SAC:  
 
Large Shallow Inlet and Bays should also be considered. 


 
 
 


5. Comments on Table 4.1: The Applicant’s shadow appropriate 


assessment and degree of agreement with Interested Parties 


 Comment: 


 


5.1 Natural England would consider that there may be other sites that should be under 
consideration (see comments above).  
 
The comments provided on this table are in relation to the sites listed. 
 


5.2 Natural England notes that the conclusions on AEoI are based on the Applicant’s ES, 
and the level of agreement has been established based on Reponses from IPs at RR and 
Deadline 1&2.  
 
In a number of cases the applicant has presented additional versions of their 
assessments at different deadlines, which alter their assessments (if not their 
conclusions)  


5.3 Natural England would consider that the areas of disagreement have been captured for 
the features/sites listed in the table. (Please see comments on table 3.1 and on the 
annexes for more information in relation to missing sites and features). 
 


5.4 Southern North Sea SCI: There is no reference to a stage 2 matrix in the table, but note 
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that one is presented in the Annex. (Stage 2 Matrix 2) 


 


 


 


 


 


6. Comments on Annex 3: Stage 1 Matrices: Screening for Likely 


Significant Effect 


 


 Section Comment 


 General 


6.1 “Assemblage during the 
breeding season” 


It is unclear why this terminology is used throughout. 
Consideration of impacts on a breeding seabird assemblage 
may also include impacts outside of the breeding season. 


6.2 Disturbance/Displacement 
of SPA features 


 It is unclear how disturbance and displacement have been 
defined within these tables, and we question why 
disturbance only seems to be a consideration at 
construction and decommissioning and displacement is only 
a consideration during the operational phase. 
 
Displacement of birds from an area could start to arise in 
the construction phase and feasibly persist until operation. 
Likewise disturbance from e.g. vessel movements could 
occur throughout the operational phase as well as at 
construction and decommissioning 


 Stage 1 Matrix 1: Coquet Island SPA 


6.3 Table: Effects on integrity There should be consideration of the impact on prey 
availability  


6.4 Table: Collision and 
Assemblage  
Supporting note c 


We are unclear about the commentary in supporting note c. 
 
Generally, Natural England considers that there would  be 
no collision risk for Auk species and fulmar, but there may 
be a pathway for other assemblage species such as 
kittiwake and herring gull and lesser black backed gull. 
These species should be considered in the appropriate 
assessment. 


6.5 Barrier effects Reiterating Natural England’s advice in relation to the test of 
Likely Significant Effect being a coarse filter (see section 2 
above), Natural England would recommend that barrier 
effects were carried through to appropriate assessment 


6.6 Displacement Natural England agrees with the conclusion that there is 
LSE in relation to the Assemblage feature, but would 
suggest that this is not limited to Fulmar and would also 
include Auk species, particularly in the non-breeding 
season. 
 
Therefore we would like note B updating to reflect our 
concerns in relation to Auks. 


6.7 In combination Natural England agrees with the conclusion that there is 
LSE in relation to the Assemblage feature, but would 
suggest that this is not limited to Fulmar and would also 
include Auk species, particularly in the non-breeding season 
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 Section Comment 


(displacement) as well as kittiwake and herring gull (collision 
risk). 
 
Therefore we would like note B updating to reflect NE’s 
concerns in relation to Auks and displacement, as well as 
kittiwakes and herring gull and collision risk. 


 Stage 1 Matrix 2: Farnes Island SPA 


6.8 Table: Effects on integrity There should be consideration of the impact on prey 
availability  


6.9 Table: Collision and 
Assemblage  
Supporting note B 


Generally, Natural England considers that there would  be 
no collision risk for Auk species and fulmar, but there may 
be a pathway for other assemblage species such as 
kittiwake. These species should be considered in the 
appropriate assessment. 


6.10 Barrier effects Reiterating Natural England’s advice in relation to the test of 
Likely Significant Effect being a coarse filter (see section 2), 
Natural England would recommend that barrier effects were 
carried through to appropriate assessment 


6.11 Displacement Natural England agrees with the conclusion that there is 
LSE in relation to the Assemblage feature, but would 
suggest that this is not limited to Fulmar and would also 
include Auk species, particularly in the non-breeding 
season. 
 
Therefore we would like note B updating to reflect NE’s 
concerns in relation to Auks. 


6.12 In combination Natural England agrees with the conclusion that there is 
LSE in relation to the Assemblage feature, but would 
suggest that this is not limited to Fulmar and would also 
include Auk species, particularly in the non-breeding season 
(displacement) as well as kittiwake and (collision risk). 
 
Therefore we would like note B updating to reflect NE’s 
concerns in relation to Auks and displacement, as well as 
kittiwake collision risk. 


 Stage 1 Matrix 3: Flamborough and Filey Coast SPA 


 


6.13 Disturbance It is not clear what aspects of disturbance have been 
considered here, and why there has been no consideration 
of impacts such as increased lighting, during the operational 
phase. 
 
It should be noted that in relation to supporting note b ‘low 
sensitivity’ is not the same as ‘not sensitive’. This would 
indicate that the impact should be further explored within an 
appropriate assessment. 
 


6.14 Collision Risk: Kittiwake 
 
(& In Combination) 


It should also be noted that based on the in-combination 
totals for plans and projects that already have consent, we 
are unable to rule out an Adverse Effect on Integrity of 
Kittiwake at Flamborough and Filey Coast SPA. Therefore 
any contribution from this project would effectively constitute 
an Adverse effect. 
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 Section Comment 


 
Ref. to table 5.1 in APP-052 showing limited connectivity – 
Connectivity of FFC SPA Kittiwake and the development 
zone has been established 


6.15 Collision Risk: Herring Gull 
 
(& In combination) 


Natural England maintains that consideration must be given 
to the impact on site features in the non-breeding season, 
as well as in the breeding season. 


6.16 Barrier effects Reiterating Natural England’s advice in relation to the test of 
Likely Significant Effect being a coarse filter (see para XX), 
Natural England would recommend that barrier effects were 
carried through to appropriate assessment and that 
supporting note i is more appropriate at that stage. 


6.17 In combination  Natural England dispute the conclusion of ‘  Likely 
significant effect can be excluded’ for all species.   


 


 Stage 1 Matrix 4: Greater Wash SPA 


6.18 Common, Sandwich and 
little tern 


Natural England would consider that there is an impact 
pathway for each of these species regarding prey 
availability, disturbance and displacement and consequently 
in- combination impacts. Therefore we agree that all three 
species should be considered within the appropriate 
assessment. 


6.19 Little gull “NE has also raised concerns about the appropriateness of 
the population size used in the migratory seabird 
assessment for little gull [REP1-211]. The Applicant has 
provided an additional screening document at deadline 4 in 
response to these concerns [REP4-081].” 


 


The applicant has clearly identified an impact pathway to 
undertake this analysis. Natural England therefore 
considers that little gull should be screened in to the AA.  


 


 Stage 1 Matrix 7: Wash and North Norfolk Coast SAC 


6.20 Large Shallow Inlet and 
Bays 


As captured in the table, Natural England would consider 
there to be an impact pathway for LSIB and that this should 
be considered further in the appropriate assessment. 


 


In relation to supporting note f, it was not agreed that there 
was no impact pathway for Large Shallow Inlets and Bays 
within the expert working groups. 


6.21 Supporting note e This supporting note is a little difficult to follow and it is not 
clear if this relates to The Wash and North Norfolk Coast 
SAC given it refers to a minimal overlap with the array. 
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7. Comments on  Annex 4: Stage 2 Matrices: Adverse Effect On Integrity 


 Section Comment 


 Stage 2 Matrix 1: North Norfolk Sandbanks and Saturn Reef SAC 


7.1 Table: Changes to water 
quality 
 
(incl. Supporting note i) 


It seems from the supporting note that only accidental 
pollution has been considered as part of the assessment of 
potential changes to water quality. 


Natural England would highlight that there may be other 
potential impacts on water quality as a result of the activities 
proposed within the site such as increased levels of 
suspended sediment which should be considered within this 
assessment for completeness. 


7.2 Table: Changes to 
physical processes 
 
(incl. Supporting note j) 


There may be localised changes to physical process at the 
point of construction (i.e. removal of sandwaves/sandbanks) 
which should also be considered, as well as the potential for 
changes as a result of construction and operation to persist 
at and beyond decommissioning. 


For example, refer to comments on supporting note a 
(sandwave levelling – which may have implications at the 
time of construction ) and b (the implications of rock 
protection which could result in a persistent impact on 
physical processes beyond the operational phase). 


 


7.3 Supporting note a 
 
 


Cable burial 


Sandwave clearance works have only been proposed and 
carried out relatively recently and as such there is currently 
no evidence on how well this technique works, whether 
cables remain buried thus avoiding the need for additional 
cable protection, and very limited evidence on how quickly 
dredged areas recover.   


Projects should fully assess the impacts of any likely 
sandwave clearance at the time of application and not at 
post-consent stage. Full consideration needs to be given to 
the volumes to be dredged, orientation of dredge to the 
sandbank, areas for disposal of dredged material and 
impacts on the benthos and sediment transport. Until further 
evidence is available on its efficacy as a technique and the 
timescales for recovery, there remains significant 
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 Section Comment 


uncertainties in relation to the impacts of sandwave 
clearance on the interest features of  Marine Protected 
Areas  


Impact of Sandwave Clearance in NNS SR SAC 


Sandwave levelling/sandwave clearance within NNS SR 
SAC, would involve the removal/levelling of part of an SAC 
feature. 


Natural England accept that the evidence provided by the 
applicant shows that the feature could recover. However, 
this is not the same as having evidence to demonstrate that 
it will recover. 


The Race Bank Study referred to here, only demonstrates 
that areas that have been subject to sandwave clearance 
had begun to show signs of recovery. 


Furthermore, it is not clear how applicable the Race Bank 
example may be to significantly greater Hornsea Project 
Three proposals and  the recoverability of larger, deeper 
sandbank features found further offshore, such as the North 
Norfolk Sandbanks. 


In addition, as the applicant highlights, the potential for the 
recovery of the feature is likely to be aided by retaining the 
dredged sediment within the sandbank system ‘where 
possible’. Whilst conclusions around the significance of the 
impact appear to be predicated on this being a possibility, 
the potential disposal locations are not discussed. It is 
therefore not possible to be certain that the sediment will be 
retained. (Additionally, without further information on the 
location of the potential disposal sites it is not possible to 
understand the potential impacts of disposal on site 
features). 


As highlighted above, there is limited evidence to 
demonstrate the efficacy sandwave clearance in terms of 
avoiding the need for cable protection. The addition of cable 
protection into the site would constitute a loss or change to 
the feature (depending on the feature impacted), and as 
there is limited evidence that cable protection can be 
successfully decommissioned without removing part of the 
feature, this impact on the site is considered to be 
persistent/permanent depending on feature and/or whether 
it is left in situ. 


It should be noted that the sandbank feature is currently in 
unfavourable condition. Therefore, the competent authority 
has a responsibility under the habitat’s regulations to ensure 
that any further plans or projects will not hinder the recovery 
of the feature. 


Fundamentally, NE/JNCC’s view, is that there is not yet 
sufficient evidence to demonstrate beyond reasonable 
scientific doubt that the sandbank feature within the site is 







Page 11 of 26 
 


 Section Comment 


capable of full recovery, and therefore we cannot agree with 
the Applicant’s conclusions. To address this, NE/JNCC 
would advise that a level of precaution is built in to the 
assessment to account for these areas of uncertainty and to 
consider the ways in which the potential impacts may be 
avoided/mitigated/reduced. As with North Vanguard a Site 
Integrity plan (SIP) one stage up from the Cable Installation 
Plan that considers all impacts to the site collectively would 
be most appropriate 


 


7.4 Supporting note b. Reef is an ephemeral feature and it is widely accepted that 
areas identified in a pre-application survey may have 
changed or moved prior to construction and that equally 
areas previously identified as having no reef present may 
have been colonised.  


In recognition of this issue the UK SNCBs have developed 
and keep updated, the ‘Reef Layer’. In simple terms, this 
dataset is based on the best available evidence of known 
reef locations and extent, and includes a buffer to account 
for the ephemerality of the feature. These buffers represent 
the areas that the SNCBs consider should be managed for 
reef, and therefore where operations which are likely to 
damage reef should be avoided. 


This method is of avoiding damage to features is widely 
accepted across industries (aggregates, oil and gas, cables, 
renewables) and underlies Defra fisheries management 
plans in designated sites. Please see ”Marine Buffers Doc.” 
submitted at Deadline 7. 


Assessment of impacts to reef in NNS SR SAC 


As the reef feature within NNS SR SAC has a restore 
conservation objective, plans and projects capable of 
impacting on the site must demonstrate that they will not 
further hinder the conservation objectives of that site. 
Natural England/JNCC would consider that the areas 
identified within the reef layer should be treated as reef 
within the appropriate assessment, in order to ensure that a 
worst case scenario has been considered and that 
appropriate measures to avoid/reduce/mitigate the impacts 
have been identified. 


Micro-siting as mitigation within designated sites 


Micro-siting to avoid areas of reef could in theory act as 
mitigation. However, for this to be considered as acceptable 
mitigation  to reach a conclusion of no AEoI, there must be 
absolute certainty beyond reasonable scientific doubt that 
this could be achieved within the development area. 


Demonstrating that micro-siting is achievable may be 
relatively straight forward for the installation of one or two 
cables within the cable corridor, but would become 
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increasingly difficult with each additional cable, bearing in 
mind that the applicant’s maximum design scenario includes 
the installation of up to 6 cables with a cable corridor 
covering 50% of the Saturn Reef management area. It 
should also be considered that micro-siting to avoid one 
feature may have implications for another. 


It should also be considered that the applicant is committing 
to micro-siting ‘where possible’, which again does not give 
certainty. 


NE/JNCC accept that in this instance demonstrating the 
required level of certainty to rely on micro-siting as 
acceptable mitigation to remove impacts on reef completely 
is likely to be challenging given the ephemeral nature of the 
feature and the data limitations, and therefore we do not 
consider this a suitable mitigation measure to address 
impacts that this site. 


We therefore reiterate our advice regarding the use of the 
SNCB Reef Layer. 


[N.B. It is really important to note that seeking to 
minimise an impact does not offer certainty that an 
AEOI  can be ruled out.] 


7.5 Supporting note c The applicant has not provided information on the proposed 
disposal location of the material that will be removed 
through sandwave levelling. Therefore it is not clear how a 
conclusion on the potential significance of this impact could 
be reached. 


7.6 Supporting note d See above 


7.7 Supporting note f Conservation Objective 


It should be noted that the conservation objectives for both 
features (sandbanks and reef) are to recover to favourable 
condition. 


Cable protection 


NE/JNNC advise there is currently little or no evidence to 
provide certainty beyond reasonable scientific doubt that 
cable protection can be removed without causing a further 
impacts on designated site features, based on the 
technology that is currently available. [See Annex C and D 
to NE’s D7 Submission] 


It is recognised that new technologies may develop over the 
operational lifetime of the project and we would welcome 
the commitment to explore the feasibility of removal at 
decommissioning, but for the purposes of the HRA, the 
impact of the cable protection remaining in situ permanently 
should be assessed. 


Cable protection would therefore represent the permanent 
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loss of reef feature in this context. 


Cable protection requirement 


The applicant has set out a maximum design parameter for 
cable protection within designated sites, which equates to 
cable protection across 10% of the total length of cable 
within the site. 


This is presented in the draft DCO as an overall volume of 
cable protection to potentially be used within the designated 
site. 


It is the applicant’s intention that this total volume of cable 
protection will be ‘available’ throughout the operational 
lifetime of the project. 


The applicant is also seeking an additional 25% on top of 
the volume of cable protection requested for use within the 
site for replenishment. 


NE/JNCC’s points are as follows: 


- The impacts are completely on site feature 
- The volume/extent of cable protection sought within 


the site is not an insignificant amount.  
- The use of cable protection would result in a 


permanent loss/change to the feature. 
- We acknowledge that based on previous cable 


installations (requiring c6% of their cable lengths to 
be protected) the Applicant has presented 
reasonable justification for the WCS of 10% along 
the entire export cable length requiring cable 
protection and this could meet EIA requirements. 
Given that the applicant has presented this as a 
conservative estimate, and based over a calculation 
over a much wider area, it is unclear whether this 
assumption is directly applicable to this site. 
This is important because cable protection will have 
a permanent impact on the site and the volume 
required can make a big difference in relation to the 
outcome of an appropriate assessment. 


- The 10% figure has been represented as a volume 
within the draft DCO, and it appears that this volume 
would remain the permitted volume regardless of the 
length of cable that is actually installed. 
Impacts on designated sites should always be 
avoided/reduced/ mitigated as far as possible. 


- Whilst NE/JNCC consider that the requirement for 
additional cable protection across the lifetime of the 
project should be considered within the ES, we 
agree with the MMOs position that the implications 
of the impact on designated site features over the 
life time of the project can’t be assessed with 
sufficient certainty. Therefore we also agree that the 
volume of cable protection permitted in the DCO 
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should relate only to the amount required at 
construction and that any additional requirement 
should be dealt with through a separate marine 
licence. 


Please see ANNEX C of our D7 submission for further 
discussion 


Potential for reef to colonise artificial habitats. 


NE/JNCC’s current position is that reef occurring on artificial 
habitats would not qualify as Annex I feature. (Although we 
recognise this view may be subject to change in the future 
as more evidence becomes available). 


Please see ANNEX B of our D7 submission for further 
discussion 


 


Sensitive Cable and Scour Protection 


NE/JNCC welcome the applicant’s proposal to trail the use 
of ‘sensitive scour protection’ within the designated site. 
However, this would still require the deposition of material 
from outside the site so will continue to represent 
permanent loss/change to the feature.  


It is also noted in [REP1 -216] that the size of the sensitive 
protection, may not be similar to the surrounding habitat as 
it more likely to winnow away and doesn’t provide adequate 
protection 


7.8 Supporting note k “NE queried whether the assessment adequately considers 


the combined effects of the different phases of the Proposed 


Development as they are not convinced that features would 


recover completely before the next impact occurs [RR-97, 


REP1-212, REP1-217, REP4-130 and REP6-055].” 


 This comment applies more widely than the in combination 


assessment. 


 


In combination assessment 


 


As highlighted in the comments above (in particular 


comments made in relation to supporting notes a and b), 


Natural England  & JNCC do not consider that the evidence 


provided provides certainty that there will be no residual 


impacts on site features. Therefore the appropriate 


assessment must seek to quantify these impacts and 


establish if they are likely to cause an adverse effect on site 


integrity alone or in combination. 


 


Exclusion of Reef from in combination assessment 


Please refer to the comment on supporting note b above 
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regarding the use of the SNCB Reef Layer, and the fact that 
this feature is currently in unfavourable condition. 


Please also note NE/JNCC position regarding the feasibility 
of micro-siting within the cable corridor as mitigation and the 
consideration of the colonisation of Sabellaria spinulosa on 
artificial substrates 


Consequently, NE/JNCC do not agree with the applicants 
conclusion that reef will not be affected and that any 
impacts that arise would be mitigated.  


We would therefore expect in-combination impacts to be 
considered for this feature. 


 


 Stage 2 Matrix 2: Southern North Sea SCI 


7.9 Supporting note a For clarity, Natural England considers that the soft start 
procedure is an appropriate form of mitigation to reduce the 
risk of PTS. 


Natural England’s comments in relation to the JNCC 
guidance being out of date were in reference to SIP, and the 
fact that there are now a much wider range of mitigation 
options available than outlined in the JNCC guidance which 
should be considered/included within the outline SIP. 


7.10 Supporting note b “NE agrees with the Applicant’s position that effects from 
the Proposed Development alone would not lead to adverse 
effects on the integrity of the SCI [RR-097 and REP1-213]” 


N.B this is subject to the agreed mitigation being in place. 


7.11 Supporting note f Natural England has concerns that six months is not 
sufficient time for the SIP to be agreed and provisions to be 
in place if significant impacts are concluded in the in-
combination assessment. 


 Stage 2 Matrix 3: The Wash and North Norfolk Coast SAC 


7.12 Table: Features Large Shallow Inlet and Bays should also be considered in 
the assessment. 


7.13 Table: Changes to 
physical processes. 


As highlighted in relation to NNS SR SAC above, there may 
be localised changes to physical process at the point of 
construction (i.e. removal of sandwaves/sandbanks) which 
should also be considered, as well as the potential for 
changes as a result of construction and operation to persist 
at and beyond decommissioning. 


For example, refer to comments on supporting note a 
(sandwave levelling – which may have implications at the 
time of construction) and b (the implications of rock 
protection which could result in a persistent impact on 
physical processes beyond the operational phase). 
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7.14 Notes: Adequacy of the baseline 


In the Applicant’s original proposals, the cable route did not 
cross through the W&NNC SAC. Consequently their survey 
campaign did not include this site and they relied on 
extrapolated data from outside of the site and historic data 
from within the site (not within the development zone) in 
order to characterise the cable corridor. 


In response to feedback, the Applicant collected drop down 
video footage at six locations along the cable corridor. 
Natural England considers that whilst this provides 
information on the habitats present at the survey locations, 
without supporting geotechnical and geophysical  
information, it is not possible to stablish the likely extent of 
features within the cable corridor. Therefore NE does not 
consider that the baseline has been adequately 
characterised at this site. 


Feature condition 


Please note that the following Annex I features are in 
unfavourable condition : sandbanks slightly covered by 
water all of the time, mudflats, reefs, LSIB.s 


Including (but not exclusively) circalittoral rock which is one 
of the subfeatures of reef and mixed sediment which is one 
of the subfeatures of sandbanks. Therefore, recovery of 
these features should not be hindered by the current 
development 


[Clarification: Natural England’s advice is that the 
assessment should be made in relation to the site features 
against their conservation objectives.] 


 


7.15 Supporting note a Sandwave clearance 


As per the comments made above in relation to the 
evidence available to support the applicant’s conclusions 
regarding the recoverability of areas of feature impacted by 
sandwave clearance, Natural England would reiterate that 
the evidence from the Race Bank project only demonstrates 
that the areas have begun to show signs of recovery and 
not that the area has fully recovered. It is therefore not 
possible to conclude with certainty beyond reasonable 
scientific doubt that the feature will recover. 


As with the assessment of NNS SR, the Applicant’s 
assumptions in relation to the recoverability of the feature 
are predicated on the assumption that the dredged/cleared 
material will be retained within the sandbank system. As 
with NNS SR the potential disposal locations have not been 
identified within the ES. 


It is therefore not possible to be certain that the sediment 
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will be retained.  


Additionally, without sufficient information to characterise 
the baseline of the site and further information on the 
location of the potential disposal sites it is not possible to 
understand the potential impacts of disposal on site features 
(NB: All of the Wash and North Norfolk Coast SAC is Annex 
I habitat). 


As highlighted above in the context of NNS SR, there is 
limited evidence to demonstrate the efficacy of sandwave 
clearance in terms of avoiding the need for cable protection. 
The addition of cable protection into the site would 
constitute a loss or change to the feature (depending on the 
feature impacted), and as there is limited evidence that 
cable protection can be successfully decommissioned 
without removing part of the feature, this impact on the site 
would be permanent.. 


Consequently, it is Natural England’s view, is that there is 
not yet sufficient evidence to demonstrate beyond 
reasonable scientific doubt that the sandbank feature within 
the site is capable of full recovery, and therefore we cannot 
agree with the Applicant’s conclusions. To address this, 
NE/JNCC would advise that a level of precaution is built in 
to the assessment to account for these areas of uncertainty 
and to consider the ways in which the potential impacts may 
be avoided/mitigated/reduced. Please see ANNEX C of our 
D7 response for further comments. It is likely that a site 
integrity plan is also required as proposed by Norfolk 
Vanguard for impacts to SACs 


 


Cable protection 


As highlighted in relation to NNS SR above, the Applicant’s 
calculation of the amount of cable protection they require is 
based on previous cable installations (requiring c6% of their 
cable lengths to be protected), rather than from direct 
evidence from the site. 


As highlighted in the comments above, Natural England 
does not consider that there is sufficient evidence to 
demonstrate that cable protection can be removed at 
decommissioning without further impacting the features, and 
consequently consider the impact to be permanent. As a 
result the amount of cable protection placed within the 
designated site would have a significant bearing on the 
conclusions of an appropriate assessment 


As highlighted in the supporting notes, the experience of 
cable installation from other offshore windfarms within the 
site, has demonstrated that the ground conditions can be 
problematic, and that remedial works have been required.  


Natural England has requested a cable burial risk 
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assessment (CBRA) prior to consent in order to provide 
sufficient certainty regarding the conclusions of the HRA. 
However, the information provided by the applicant has 
been unable to address that uncertainty. (See XXX for 
further comments on the PTA and cable protection)). 


7.16 Supporting note b Please also see comments in relation to Micro-siting as 
mitigation, the potential for Sabellaria spinulosa reef to 
colonise cable protection, and the use of ‘sensitive’ cable 
protection, which are also applicable here. 


Overall, Natural England consider that there is insufficient 
certainty that the potential impacts on the reef feature can 
be mitigated to support a  conclusion of no Adverse Effect 
on Integrity beyond reasonable scientific doubt. 


7.17 Supporting note c The applicant has not provided information on the proposed 
disposal location of the material that will be removed 
through sandwave levelling. Therefore it is not clear how a 
conclusion on the potential significance of this impact could 
be reached. 


7.18 Supporting note d See above 


7.19 Supporting note f The comments made in relation to supporting note f would 
appear to be equally applicable to reef. 


 


Conclusion in relation to 10% cable protection 


The applicant’s clarification note [REP1-138] provided a 
rationale for their calculation, but this did not allay Natural 
England’s concerns in relation to the assessment of impacts 
on designated features.  


As highlighted in relation to supporting note a, the 
Applicant’s assessment of their cable protection 
requirement has not been based on site level 
considerations. 


As cable protection represents a permanent impact on the 
designated site, it is important that its use is minimised. 


  Potential for reef to colonise artificial habitats. 


NE/JNCC’s current position is that reef occurring on artificial 
habitats would not qualify as Annex I feature. (Although we 
recognise this view may be subject to change in the future 
as more becomes available). 


 


Sensitive Cable and Scour Protection 


NE/JNCC welcome the applicant’s proposal to trail the use 
of ‘sensitive scour protection’ within the designated site. 
However, this would still require the deposition of material 
from outside the site so will continue to represent 
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permanent loss/change to the feature.  It is also noted in 
[REP1 -216] that the size of the sensitive protection, may 
not be similar to the surrounding habitat as it more likely to 
winnow away and doesn’t provide adequate protection 


 Stage 2 Matrix 4: Coquet Island SPA 


7.20 Table: Features See comments on Stage 1 Matrix 1. 


Natural England is unclear why only fulmar have been 
included in the assessment when a number of the 
assemblage species are likely to have connectivity with the 
development zone. 


We would therefore consider this table to be incomplete. 


7.21 Table: 
Disturbance/Displacement 


Please note Natural England’s overarching comment 
regarding consideration of disturbance and displacement 
activities across all stages of the project. 


7.22 Table: Barrier Effects Natural England considers that barrier effects should be 
considered at the Appropriate Assessment phase . 


 Stage 2 Matrix 5: Farne Islands SPA 


7.23 Table: Features See comments on Stage 1 Matrix 2. 


Natural England is unclear why only fulmar have been 
included in the assessment when a number of the 
assemblage species are likely to have connectivity with the 
development zone. 


We would therefore consider this table to be incomplete 


7.24 Table: 
Disturbance/Displacement 


Please note Natural England’s overarching comment 
regarding consideration of disturbance and displacement 
activities across all stages of the project. 


7.25 Table: Barrier Effects Natural England considers that barrier effects should be 
considered at the Appropriate Assessment phase . 


 Stage 2 Matrix 6: Flamborough and Filey Coast SPA 


7.26 Kittiwake In combination 
impacts 


It is Natural England’s position that and Adverse Effect on 
Integrity on Kittiwake at Flamborough and Filey Coast SPA 
cannot be ruled out based on the in-combination totals of 
consented plans and projects. 


Consequently, any additional impact on this feature would 
be considered to constitute an Adverse Effect on Site 
Integrity in combination. 


 


7.27 Notes: For clarity, Natural England’s concerns in relation to the 
baseline data are applicable to all of the features of the 
SPA. 


The implication of this is that there would not be certainty 
beyond reasonable scientific doubt to support the 
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applicant’s conclusions. 


 


“The Applicant has maintained its position on the basis that 
the Proposed Development is located 150 km from the SPA 
and that extending the breeding season to cover the period 
advised by NE and the RSPB could lead to inclusion of 
immature/non-breeding birds that are not associated with 
the SPA breeding colonies.” 


Natural England has explained that the converse of this is 
that excluding these months will substantially under-
estimate the impacts apportioned to the colony. 


Applicant’s ‘Preferred Approach’ 


The applicant has revised a number of their assessments 
(some more than once) since their original application. It is 
unclear to Natural England what the status of these 
revised/preferred approaches are and whether they are 
considered to supersede the information set out in the ES 
and RIAA. 


For example: REP4-049 presents an “alternative approach” 
to the ES, but it is not clear whether the Applicant is saying 
that this should supersede the approach set out in their 
ES/RIAA. 


Natural England advice on the alternative approaches is 
often different to our advice on the ES, so this lack clarity of 
makes it particularly difficult for to provide comments on this 
REIS. 


For example, the flight speeds that the applicant has used 
within their original ES accord with the SNCBs advice [APP-
051], but the applicant has subsequently changed their flight 
speeds and introduced new avoidance rates at deadline 1 
[REP1-188]. 


“At deadline 6, in response to a request from the ExA, the 
Applicant provided a summary of CRM based on its 
preferred parameters [REP6-042] and inputs and one based 
on those advised by NE [REP6-043].” 


The parameters in REP6-043 are not the parameters that 
the Applicant has used in their ES and RIAA. Does this 
mean that the ES and RIAA are now inaccurate and should 
be ignored?  


To clarify, REP6-043 is the applicant’s document and not a 
Natural England document.  It presents CRM figures using 
parameters that we have  advised the Applicant to use 
except crucially we advised that the Applicant should use 
densities estimated from 2 years of baseline survey 
data.REP6-043 does not include CRM outputs that are 
based on 2 years of survey data. 
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7.28 Supporting note a “It should also be noted that the predicted collision rates are 
considered precautionary due to the likely presence of a 
significant number of non-breeding adult birds in the 
observed population in the array area “ 


Non-breeding adult birds can still be part of the SPA 
feature. This is only one aspect of the uncertainty and 
variability in predictions of collision mortality of FFC SPA 
birds. Uncertainty can operate in both directions. It is not 
representative of the full range of uncertainty in the 
estimates to just mention one factor here. 


Natural England and RSPB disagree with the values of 
Nocturnal Activity Factors (NAF) used, rather than the use 
of NAF. 


It is not clear if Natural England and the applicant are in 
agreement on flight speeds. Natural England agrees with 
the flight speeds used in the ES, but does not accept the 
Applicant’s alternative approach presented at a subsequent 
deadline [REP1-188] which has been used in all of their 
subsequent revisions of their CRM. 


 


“see [REP1-211], [REP1-212], [REP3075], [REP4-130] and 
[REP6-055]” 


Some of these references refer to subsequent iterations of 
the Applicant’s assessment and not necessarily relevant to 
APP-051 – this is confusing. 


 


“The Applicant has maintained its position regarding the 
parameters and choice of Band model”  


This statement is not correct as for example the Applicant 
has introduced different NAFS (REP1-188), different ARs 
(twice) (REP1-188 and REP6-042) and different flight speed 
(REP1-188) parameters during the Examination – these are 
not the same as those in the Applicant’s ES and RIAA or in 
the PEiR docs. 


 


“The Applicant has maintained the position that its analysis 
does take account of the degree of uncertainty associated 
with the modelling outputs [REP1-122, REP3-004 and 
REP5-008].” 
 
As the applicant has revised their analysis/aspects of their 
analysis multiple times through the examination, it would be 
helpful to understand which particular analysis is being 
referred to here. 
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7.29 Supporting note b It is unclear if the view present at the start of this note is that 
of the Applicant or the Planning Inspectorate.  


The Applicant revised their PVA figures at REP4-092. 
Based on Natural England’s assessment of these, we do 
not agree with the statement that “ levels of in combination 
mortality predicted in Table 7.39 of [APP-051] would not be 
sufficient for the population to decline below the SPA 
citation numbers for this species”. 


Natural England would reiterate that and Adverse Effect on 
Integrity on Kittiwake at Flamborough and Filey Coast SPA 
cannot be ruled out based on the in-combination totals of 
consented plans and projects. 


It is also unclear which citation levels are being referred to 
and it should also be noted that the Conservation Objectives 
for kittiwake at FFC SPA remains to restore to the original 
citation population figure for Flamborough Head and 
Bempton Cliffs SPA. 


The PVA modelling within APP-051 does include some 
adjustment for “as built scenarios”. It also includes NAF, but 
these are not figures that Natural England is in agreement 
with for Hornsea 3. 


 


“The Applicant submitted a revised PVA at deadline 1 
[REP1-135] but this did not allay ours concerns [REP3-075]” 


The revised PVA [REP1-135] did not address Natural 
England’s Advice. Natural England remain concerned that 
there is potential for AEoI. It should also be noted that the 
Applicant has submitted an updated version of their PVA 
[REP4-092]. 


 


The Applicant’s Revised In combination Assessment 


As an increasing number of projects are consented, the risk 
of in combination/cumulative impacts reaching significant 
levels has increased. 


(As highlighted above, Adverse Effect on Integrity on 
Kittiwake at Flamborough and Filey Coast SPA cannot be 
ruled out based on the in-combination totals of consented 
plans and projects, so projects that contribute to this total 
would be considered to be contributing AEoI irrespective of 
the scale.) 


Most offshore windfarms are consented using a Rochdale 
Envelope Approach, and the assessments of impact are 
based on their maximum design scenario, to represent a 
worst case scenario in terms of impact. It is therefore 
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possible that the “as built” impacts will be different to those 
assessed. 


The Applicant has presented an in combination assessment 
which revises the figures presented by other projects to 
reduce them to what they consider to be a more realistic 
reflection of the “As built scenario”. 


Natural England has provided more detailed comment on 
the Applicants approach at deadline 6 [REP6-053]. However 
in the context of the HRA, Natural England would make the 
following overarching points: 


- The principle of revising the figures from other 
projects: Within this assessment represents a set of 
assumptions from the applicant in relation what they 
consider to be a most likely scenario within the 
Maximum Design Parameters. Whilst we 
acknowledge that these assumptions are informed 
by their expertise of the industry, Natural England’s 
view is that unless these parameters are legally 
secure (i.e. the MMO/Marine Scotland Licensing) 
can confirm/give certainty the project would not be 
able to build out to their Maximum), then the figures 
from their original assessment should be used. 
 


- The Applicant’s approach to revising the figures 
of other projects: Natural England made detailed 
comments on the applicant’s approach to revising 
the collision and displacement figures of consented 
plans and projects in our deadline 6 response 
[REP6-053].  
 


Consequently Natural England does not consider that the 
Applicant’s in-combination assessment is valid, and 
consider that it has the potential to significantly under-
estimate the in-combination impact. 


 


….“and also applies a NAF (Table 7.35, [APP-051]” 


It’s  unclear what this relates to as CRM always apply a 
NAF. Natural England did not agree with the NAF presented 
in the ES. The applicant has since presented figures using 
alternative NAF, but these do not accord with Natural 
England’s advice. 


 


7.30 Supporting note c Razorbill: This is based on the figures provided in the 
application.  Natural England has provided considerable 
comment on the applicants approach to displacement (as 
summarised in o below) – the applicant has presented an 
approach that is more aligned with NE advice in Appendix 
28 Annex C at deadline 4.  Please refer to table 1.17 p28 
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Mortality impacts ranges from 0 – 63  for razorbill at FFC 
SPA (including immatures in the breeding season) (19 
being adults in the non-breeding season) 


 


7.31 Supporting note d NE do not agree that the predicted impact is ‘negligible’. 


7.32 Supporting note e Guillemot: As above please refer to table 1.13   Appendix 
28 Annex C at deadline 4 range is 3 – 995.  3-59 adults in 
the non-breeding season. 


7.33 Supporting note f Natural England do not agree that the predicted impact is 
‘negligible’. 


“No indication that, at the level of mortality predicted to arise 
from the Proposed Development in combination with other 
projects, the population is likely to decline over a period of 
35 years such that the feature would no longer be 
considered in favourable condition (paragraphs 7.7.2.41 – 
58, [APP-051])” 


This refers to a PVA analysis that has subsequently been 
updated by the applicant. 


7.34 Supporting note g “Due to the low percentage of the SPA population affected 
by collision and the small increase in background mortality it 
is assessed that there is no adverse effect on integrity of the 
feature population of the SPA (paragraphs 7.5.2.32 - 35, 
[APP051]).” 


It should be made clear that this is ‘in the applicant’s view’.  


 


7.35 Supporting note h Gannet: As above Table 1.9 (Appendix 28, annex c, 
deadline 4) – displacement figures = 0-76 adults at FFC 
SPA (including 8 in the non-breeding seasons) 


 


7.36 Supporting note i “The Proposed Development contributes to less than 3% of 
the in combination collision risk total for gannet at the SPA ( 
section 7.7, [APP-051]).” - It should be made clear that this 
is the Applicant’s view 


 


Based on NE’s assessment of the Applicant’s figures would 
indicated that the contribution of HOW3 is considerably 
higher than 3%. 


 


“PVA modelling indicates that the resulting levels of in 
combination mortality predicted in Table 7.36 of APP-051 
would be insufficient for the population to decline below the 
SPA citation numbers for this species.” 
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 Section Comment 


 


Again, this is the Applicant’s view- NE do not agree. 


 


It is unclear which citation numbers are being referred to. 
The conservation objective for FFC SPA is to recover the 
Kittiwake population to the citation numbers for 
Flamborough head and Bempton Cliffs SPA. 


 


Please also see NE’s comments on NAF and ‘as built 
scenarios’ under supporting note b above. 


 


7.37 Supporting note j “An in combination displacement impact of 14 birds for 
gannet would not adversely affect the integrity of the SPA.” 


 


NE don’t agree with this figure and as stated previously, this 
is based on a PVA modelling that has since been 
superseded by revisions submitted by the applicant. 


7.38 Supporting note o This paragraph is a little unclear and would benefit from re 
working. 


NE is unsure what is meant by “particularly the monthly 
estimates of abundance” and “the inclusion of immature 
individuals. 


 


Natural England would also highlight that our key concern is 
in relation to the months of missing data. 


 


 Stage 2 Matrix 7: Greater Wash SPA 


7.39 Table: Features As highlighted in stage 1 comments – NE is of the view that 
all tern species and little gull should have been considered 
within the appropriate assessment 


7.40 Table: 
Disturbance/Displacement 


Please note NE’s overarching comment regarding 
consideration of disturbance and displacement activities 
across all stages of the project. 


7.41 Table: Barrier Effects NE consider that barrier effects should be considered at the 
Appropriate Assessment phase. 


 Stage 2 Matrix 8: North Norfolk Coast SPA 


7.42 Marsh Harrier Natural England agree with the applicant’s conclusions in 
relation to marsh harrier. However, we would highlight that 
should nesting sites be discovered during pre-construction 
surveys, or prior to construction, further assessment would 
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 Section Comment 


be needed and appropriate mitigation agreed. 


7.43 Pink Footed Geese Pink footed geese are NE’s only outstanding concern in 
relation to this site. It is likely that the potential impacts can 
be mitigated, but discussions with the Applicant on the 
mitigation plan are ongoing. 


7.44 Supporting note c. “NE agree that 12 months is acceptable but wishes to be 
consulted 12 months prior to construction commencing to 
ensure that mitigation is sufficient and can be implemented 
effectively [REP1-207 and REP1213]. It is within their remit 
to sign off such mitigation plans relating to SPA features 
before mitigation can be implemented [REP3-074].” 


As clarified in our deadline 6 response, the LPA would be 
responsible for the sign off of the mitigation plan in 
consultation with Natural England. 
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Summary 
 
Marine benthic monitoring programmes produce evidence against which to evaluate the 
cause and direction of change in the marine environment. They can also inform which 
management measures are appropriate, and determine whether they have been successful.  
 
It is crucial that monitoring programmes are well-designed and statistically robust to allow 
conclusions to be drawn from the acquired data. This ‘best-practice’ guidance aims to 
provide the information necessary to develop robust monitoring programmes that accurately 
identify change in the benthic environment. The guidance combines established ecological 
theory and protocols with JNCC advice and recommendations on benthic monitoring, by 
means of a step-wise framework which details key stages in the development of a 
monitoring programme.  
 
Whilst topics such as sample processing and equipment selection have been amply covered 
elsewhere, this guidance focuses on sampling design, drawing on frequentist theory. The 
basis of the framework is the development of monitoring objectives, following which the 
guidance addresses indicator selection, use of existing data, and temporal factors. The 
importance of statistical power and significance is explored, with guidance on the 
appropriate levels and ratios for different types of monitoring and the use of power analysis 
to determine the appropriate sample size. Dependency issues and sampling units are 
discussed, before guidance on sampling designs is provided. Finally, a statistical analysis 
section outlines various tests and analyses which can be performed to fulfil a range of 
monitoring objectives. 
 
 
 
  







 
 


Contents 
 
1 Introduction .................................................................................................................. 1 


1.1 Aim ......................................................................................................................... 1 


1.2 Background and context ......................................................................................... 1 


1.3 How to use this document ....................................................................................... 2 


1.4 Notes on terminology .............................................................................................. 3 


1.5 Outside of document scope .................................................................................... 3 


2 Defining monitoring objectives ................................................................................... 4 


2.1 Direct monitoring ..................................................................................................... 4 


2.1.1 Which types of monitoring should be conducted? ............................................ 5 


2.1.2 Which monitoring types are relevant? .............................................................. 6 


2.1.3 Which monitoring types are feasible? .............................................................. 6 


2.2 Indirect monitoring ................................................................................................ 12 


2.3 Duration and frequency of monitoring ................................................................... 12 


2.4 Summary of key points and recommendations ...................................................... 14 


3 Selecting indicators ................................................................................................... 15 


3.1 Developing and using Conceptual Ecological Models (CEMs) .............................. 16 


3.2 Developing state indicators ................................................................................... 16 


3.2.1 Attributes of effective state indicators ............................................................. 16 


3.3 Testing and validating state indicators .................................................................. 17 


3.4 Summary of key points and recommendations ...................................................... 18 


4 Sourcing, assessing and using existing data .......................................................... 19 


4.1 Sourcing existing data ........................................................................................... 19 


4.2 Assessing the suitability of existing data ............................................................... 19 


4.3 Ensuring comparability of existing and new data ................................................... 22 


4.4 Summary of key points and recommendations ...................................................... 23 


5 Considering temporal limitations ............................................................................. 24 


5.1 Summary of key points and recommendations ...................................................... 25 


6 Considering inference, power and significance ...................................................... 26 


6.1 Statistical inference ............................................................................................... 26 


6.2 Sampling design terminology ................................................................................ 27 


6.3 Precision and accuracy ......................................................................................... 28 


6.4 Hypothesis testing................................................................................................. 30 


6.5 Type I and Type II errors ....................................................................................... 31 


6.6 Conducting power analysis ................................................................................... 32 


6.6.1 Defining ratios and levels of power and significance ...................................... 33 


6.6.2 UKBMBP approach to defining ratios and levels of power and significance ... 34 


6.6.3 Estimating variance........................................................................................ 37 


6.6.4 Selecting an effect size .................................................................................. 37 







 
 


6.6.5 Conducting a priori power analysis ................................................................ 37 


6.6.6 Conducting post hoc power analysis .............................................................. 41 


6.7 Conducting precision analysis ............................................................................... 41 


6.8 Summary of key points and recommendations ...................................................... 43 


7 Selecting sampling units ........................................................................................... 44 


7.1 Sampling unit size ................................................................................................. 44 


7.2 Replication within sampling units .......................................................................... 45 


7.3 Summary of key points and recommendations ...................................................... 46 


8 Considering dependency issues .............................................................................. 47 


8.1 Spatial autocorrelation .......................................................................................... 47 


8.2 Serial correlation ................................................................................................... 48 


8.3 Pseudoreplication ................................................................................................. 49 


8.4 Summary of key points and recommendations ...................................................... 51 


9 Developing a sampling design .................................................................................. 52 


9.1 Sampling designs ................................................................................................. 52 


9.1.1 Simple random sampling ............................................................................... 53 


9.1.2 Stratified random sampling ............................................................................ 53 


9.1.3 Systematic sampling ...................................................................................... 54 


9.1.4 Judgement sampling ...................................................................................... 55 


9.1.5 Choosing fixed or re-randomised locations .................................................... 55 


9.1.6 Summary of key points and recommendations ............................................... 57 


9.2 Sentinel monitoring sampling designs ................................................................... 58 


9.2.1 Summary of key points and recommendations ............................................... 61 


9.3 Operational monitoring sampling designs ............................................................. 61 


9.3.1 General principles for operational monitoring ................................................. 62 


9.3.2 Summary of key points and recommendations ............................................... 66 


9.4 Investigative monitoring sampling designs ............................................................ 66 


9.4.1 Control-Impact and Before-After designs (CI & BA) ....................................... 67 


9.4.2 Before-After-Control-Impact designs (BACI) .................................................. 67 


9.4.3 Before-After-Control-Impact Paired Series designs (BACIPS) ....................... 68 


9.4.4 Beyond BACI designs .................................................................................... 69 


9.4.5 Controlling for variation where ‘Before’ data are not available ........................ 70 


9.4.6 General principles for investigative monitoring ............................................... 71 


9.4.7 Summary of key points and recommendations ............................................... 74 


9.5 Nesting monitoring types in sampling designs ....................................................... 75 


9.6 Sampling designs for large and/or diverse areas .................................................. 75 


10 Conducting statistical analyses ................................................................................ 77 


10.1 Types of variables and data .................................................................................. 77 


10.2 Data exploration .................................................................................................... 78 







 
 


10.3 Statistical analyses ............................................................................................... 80 


10.3.1 Identifying patterns in multivariate community data ........................................ 80 


10.3.2 Identifying relationships and trends ................................................................ 88 


10.3.3 Identifying differences between groups .......................................................... 90 


10.4 Summary of key points and recommendations ...................................................... 93 


11 Acknowledgements ................................................................................................... 94 


12 References ................................................................................................................. 95 


Annex I: Sources of existing UK data ............................................................................ 105 


Annex II: Abbreviations and Glossary ........................................................................... 107 


 
  







 
 


Figures 
 
Figure 1. Overview of document structure: a stepwise process for designing a monitoring 
programme for marine benthic habitats. ................................................................................ 2 


Figure 2. Defining monitoring objectives: a process to determine whether operational and/or 
investigative monitoring are feasible. .................................................................................... 7 


Figure 3. Theoretical illustration of sampling accuracy versus precision. ............................. 29 


Figure 4. Flowchart illustrating the a priori application of power analysis. ............................ 38 


Figure 5. Plotting fitted distributions against a density estimate for actual data within a coarse 
sediment habitat stratum. .................................................................................................... 39 


Figure 6. Power curves generated to determine the sampling effort required to detect 10% 
incremental increases in taxon richness in grab samples of coarse sediment, with 
significance (α) set at 0.05 and power set at 0.90. .............................................................. 40 


Figure 7. Flowchart illustrating the post hoc application of power analysis. ......................... 42 


Figure 8. The effect of different sized sampling units on representation of a clustered faunal 
distribution (adapted from Underwood & Chapman 2013). .................................................. 44 


Figure 9. Comparative estimates of sea pen distribution using a camera transect (A), and 
grab samples (B). ................................................................................................................ 45 


Figure 10. Example of a semivariogram. The sill (point beyond which samples are spatially 
independent) is reached at 100m distance. Nugget variation may be attributed to 
measurement error, or variation at scales smaller than the sampling distance. ................... 48 


Figure 11. A) Grouping of experimental units (Low, Medium, High) in the same areas may 
lead to spatial autocorrelation, B) Interspersion of experimental units controls for avoidance 
of similarities caused by spatial autocorrelation. .................................................................. 50 


Figure 12. Examples of the three most common probabilistic sampling designs ................. 53 


Figure 13: A systematic sampling design for the initial sentinel monitoring survey at East of 
Gannet and Montrose Fields Nature Conservation MPA (NCMPA). .................................... 58 


Figure 14: A stratified random sampling design for the initial sentinel monitoring survey at 
Haig Fras Special Area of Conservation (SAC) (one stratum; moderate energy circalittoral 
rock) .................................................................................................................................... 59 


Figure 15. A systematic approach to determining appropriate sampling designs for sentinel 
monitoring. .......................................................................................................................... 60 


Figure 16: An operational monitoring design for investigating the relationship between 
infaunal communities and subsurface abrasion pressure (simple random sampling within 
replicated pressure units (grid cells) along a gradient). ....................................................... 62 


Figure 17. A theoretical operational monitoring design for a point source of dispersive 
contamination (gradsect design). ........................................................................................ 63 


Figure 18: Interaction between control and impact sites in a BACI design. .......................... 68 


Figure 19. Investigative monitoring design comparison. B = before; A = after; C = control; I = 
impact; PS = paired series. The degree of confidence in each design method for detection of 
impact or manipulation effects above natural variation or ‘noise’ is provided in brackets; VL = 
very low confidence; L = low confidence; M = moderate confidence; H = high confidence. 
Numbers of sampling periods and control locations in BACIPS and Beyond BACI designs 
are not limited to those presented here. .............................................................................. 70 







 
 


Figure 20. A theoretical random stratified ‘Beyond BACI’ design with a single impact site 
(e.g. where an impact has occurred, or management measures been applied) and replicated 
control sites. Following power analysis, sampling has been stratified by sublittoral coarse 
sediment (pink - 18 samples per site) and sublittoral sand (yellow - 13 samples per site). The 
survey area is relatively homogeneous in terms of environmental influences and 
anthropogenic pressures. .................................................................................................... 71 


Figure 21. A nested design featuring sentinel, operational and investigative monitoring 
stations. Black circles = sentinel monitoring points; white triangles = additional points for 
operational monitoring (eight pressure units under four pressure categories); white circles = 
additional points for investigative monitoring. ...................................................................... 75 


Figure 22. Example of a nested box systematic sampling design (with wider habitat 
verification stations, for sentinel monitoring at the Swallow Sand MCZ. .............................. 76 


Figure 23: Example of a dendrogram produced by hierarchical clustering of macrofaunal 
abundance data from sandbank habitat, with a SIMPROF test applied at 5% significance 
(red lines denote statistically significant clusters). ............................................................... 82 


Figure 24: MDS ordination of macrofaunal community abundance data from sandbank 
habitat, overlain with gravel content classes. ...................................................................... 83 


 


 


Tables 
 
Table 1. OSPAR (2012) state indicator selection criteria (adapted from ICES and UK 
scientific indicator evaluation). ............................................................................................ 17 


Table 2. Considerations and questions to aid review of existing data for use in benthic 
habitat monitoring programmes. .......................................................................................... 20 


Table 3. Sampling terminology. ........................................................................................... 27 


Table 4. Type I & II error: the four alternative outcomes of hypothesis testing. .................... 31 


Table 5. The four elements of statistical power. .................................................................. 33 


Table 6. UKMBMP proposed optimum and minimum ratios and levels of statistical 
significance (α) and statistical power (1-β) for sentinel, operational and investigative 
monitoring. .......................................................................................................................... 36 


Table 7: A 2x2 factorial design for an experimental manipulation. ....................................... 67 


Table 8. Principles for optimal placement of control sites. ................................................... 72 


Table 9. A protocol for data exploration (adapted from Zuur et al 2010). * Y = response 
variable, X = predictor variable/s. ........................................................................................ 79 


Table 10. Statistical analyses for investigating patterns in multivariate community data. ..... 86 


Table 11. Statistical analyses for investigating relationships and trends. ............................. 89 


Table 12. Four two-way ANOVA models for analysis of BACI data with fixed and random 
effects (adapted from Schwartz 2015). ................................................................................ 91 


Table 13. Statistical analyses for investigating differences between groups. ....................... 92 


 


  







Monitoring guidance for marine benthic habitats 


 


1 


1 Introduction 
 
Monitoring programmes produce evidence for effective management of marine benthic 
habitats and communities, and allow conclusions to be drawn about the cause and direction 
of natural and anthropogenic change. Management measures are generally based on the 
results of these conclusions, therefore it is critical that monitoring programmes are well-
designed and statistically robust, to avoid damage to the benthic environment or 
unnecessary exclusion of stakeholders from activities. Clearly defined objectives, careful 
planning, appropriate sampling designs and judicious application of statistical analyses are 
all crucial to ensure that the data acquired are representative and the conclusions drawn are 
accurate. 
 


1.1 Aim 
 
This guidance aims to supply the reader with the information necessary to develop robust 
monitoring programmes for marine benthic habitats (substrates inclusive of associated 
communities and species), and answer monitoring questions with a high level of confidence. 
The information presented here represents monitoring ‘best practice’, as informed by peer-
reviewed and grey literature, and the concepts can be broadly applied to marine benthic 
habitats in any system or geographical location. This guidance may therefore be used by 
any organisation or individual undertaking benthic habitats monitoring, although it should be 
noted that the guidance is designed for application at a relatively small scale (e.g. within 
Marine Protected Areas (MPAs) or other discrete survey areas), as opposed to large-scale 
monitoring of regions (e.g. Charting Progress 2 Regions or OSPAR Regional Seas). 
 


1.2 Background and context 
 
Joint Nature Conservation Committee (JNCC) is leading the UK Marine Biodiversity 
Monitoring Research and Development Programme (UKMBMP) on behalf of the Statutory 
Nature Conservation Bodies (SNCBs) and other partners in the UK Marine Monitoring and 
Assessment Strategy (UKMMAS). The focus of this process is the design of a UK-scale 
monitoring programme which will collect the evidence required to fulfil all UK marine 
biodiversity obligations in the most cost-efficient manner.  
 
An overarching UK Marine Biodiversity Monitoring Strategy (Kröger & Johnston 2016) 
underlies the development of the UKMBMP and identifies two high-level monitoring functions 
which are driving it: 
 


1) to identify the state of ecological components of biodiversity, and identify whether any 
changes are due to natural change or anthropogenic activities, to determine whether 
management measures are required. 
 


2) to identify whether management measures are effective in meeting their objectives. 
 
The Strategy also defines three different ‘monitoring types’ (described further in Section 2.1) 
which will be applied to achieve the two high-level monitoring objectives: 
 


1) Sentinel Monitoring of long-term trends (Type 1 monitoring). 
 


2) Operational Monitoring of pressure-state relationships (Type 2 monitoring). 
 


3) Investigative Monitoring to determine management needs and effectiveness (Type 3 
monitoring). 
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To support the development of the UKMBMP, this guidance is structured around the three 
monitoring types identified in the UK Marine Biodiversity Monitoring Strategy (Kröger & 
Johnston 2016). However, as previously mentioned the guidance is also applicable outside 
of UK waters. 
 


1.3 How to use this document 
 
This document presents a stepwise framework which can be used to plan and design a 
monitoring programme for marine benthic habitats, from setting objectives to statistical 
analysis. Each section provides background information and best practice guidance for each 
stage of the design process, with specific advice for sentinel, operational and investigative 
monitoring. Key points and recommendations are summarised at the end of each section, 
with flowcharts to visualise key processes. An overview of the document’s structure and 
stepwise framework is presented below in Figure 1. 
 
 


 
 
Figure 1. Overview of document structure: a stepwise process for designing a monitoring programme 
for marine benthic habitats. 
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1.4 Notes on terminology 
 
Various definitions have been applied to the term ‘monitoring’ in the context of the marine 
environment. For example, UKMMAS has adopted the definition by Portmann (2000): ‘The 
taking, on a reasonably regular basis, of any form of observations relative to the (long-term) 
status of the marine environment, regardless of the frequency of, or purpose for which, the 
observations are made.’ This definition focuses on marine observations ‘undertaken more 
consistently, albeit with varying frequency, over longer periods of time’ and it excludes one-
off or intermittent field observations. Whilst the Common Standards Monitoring Guidance 
(JNCC 2004a) applies the definition by Brown (2000) where ‘monitoring is an intermittent 
(regular or irregular) series of observations in time, carried out to show the extent of 
compliance with a formulated standard or degree of deviation from an expected norm’. 
 
In the context of the UKMBMP, and consequently this document, the term ‘monitoring’ is 
used in a very generic sense to mean ‘an activity by which evidence necessary to meet the 
aims of the monitoring programme is collected’, broadening the definition to include activities 
which do not form part of a time-series (e.g. operational monitoring activities), but which 
contribute to the achievement of monitoring objectives. 
 
The term ‘monitoring programme’ is used throughout this document to describe a 
programme of monitoring activities undertaken at a small or local scale to investigate a 
specific area. 
 


1.5 Outside of document scope 
 
Many guidance documents have already been produced on operational and analytical 
aspects of benthic habitats monitoring. Therefore, this document does not cover: 
 


• sampling techniques and operations, 


• habitat mapping and remote sensing methods,  


• laboratory processing and analytical standards. 
 
The JNCC Marine Monitoring Method Finder1, a web-based information hub, has been 
developed to provide a single point of access to the numerous guidance documents and 
tools generated both within and outside the UK, and can be used in conjunction with this 
document to assure a consistent approach to data collection and analysis. 
 
 


  


                                                
1 http://jncc.defra.gov.uk/page-7171  



http://jncc.defra.gov.uk/page-7171
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2 Defining monitoring objectives  
 
The foundation of a successful monitoring programme is the early establishment of clear and 
achievable monitoring objectives. As stated by Underwood and Chapman (2013) ‘…if the 
aims and objectives of any study are not clearly defined at the outset, the least damaging 
outcome will be wastage of time, money and resources. The worst outcome will be a 
complete lack of valid information on which to build understanding, predictive capability, and 
managerial/conservatory decision-making.’   
 
The generic objective of all monitoring programmes is to detect the occurrence and degree 
of change through time and space, and assess this against known impacts or management 
actions (Parry et al 2012), with the aim of preserving or enhancing biodiversity, ecosystem 
services and natural capital assets.  
 
If monitoring is conducted to assess the condition of habitats within Marine Protected Areas 
(MPAs) a high-level conservation objective will have been defined for each designated 
feature, for example; maintain at or recover to favourable condition. Specific monitoring 
objectives must be developed for each MPA, to allow assessment of whether conservation 
objectives have been achieved. These objectives are likely to be determined by the 
vulnerability of the designated features to pressures, the need to assess the effectiveness of 
management measures, and the level of confidence in habitat extent and condition.  
 
If monitoring is to be conducted outside of MPAs, conservation objectives may not have 
been explicitly stated, and the aim of the monitoring may be to demonstrate whether habitats 
meet a specified threshold above which they are considered in good condition. 
 
Monitoring objectives will generally correspond to one or more of the three direct monitoring 
types mentioned in Section 1.1. These monitoring types are discussed in the following sub-
section. Under certain circumstances monitoring objectives may also be partially or fully 
achieved via indirect monitoring methods, as discussed further in Section 2.2. 


 


2.1 Direct monitoring 
 
Direct monitoring (hereafter simply referred to as ‘monitoring’) involves acquisition of data 
from habitats of interest using methods such as photographic and/or physical sampling, and 
remote sensing techniques (e.g. acoustic survey). The three types of direct monitoring 
detailed in the UK Marine Biodiversity Strategy are described in greater detail in Box 1. 
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2.1.1 Which types of monitoring should be conducted? 
 
Sentinel monitoring to identify long-term trends in habitat condition (and responses to 
environmentally and anthropogenically driven change) can be conducted within any survey 
area, assuming there are no logistical or resourcing constraints (e.g. insufficient budget, no 
availability of a suitable sampling platform, equipment, or personnel). Operational and/or 
investigative monitoring, however, may not be relevant or feasible depending on factors such 
as the distribution of anthropogenic pressures and habitats, understanding of pressure-state 
relationships, and the status of existing or proposed management measures. The following 
section (Section 2.1.2) can be used to guide selection of relevant monitoring types, whilst 
Section 2.1.3 addresses whether it is feasible to conduct them. A flow process is provided in 
Figure 2 to aid assessment of feasibility. 
 
 
 
 
 
 
 


Box 1: The three monitoring types (Kröger & Johnston 2016) 
 
Sentinel monitoring of long-term trends (Type 1 monitoring)  
Objective: to measure rate and direction of long-term change. 
 
This type of monitoring provides the context to distinguish directional trends from short-scale 
variability in space and time. To achieve this objective efficiently, a long-term commitment to 
regular and consistent data collection is necessary; this means time-series must be established as 
their power in identifying trends is far superior to any combination of independent studies. 
 
Operational monitoring of pressure-state relationships (Type 2 monitoring) 
Objective: to measure state and relate observed change to possible causes.  
 
This objective complements monitoring long-term trends and is best suited to explore the likely 
impacts of anthropogenic pressures on habitats and species and identify emerging problems. It 
leads to setting of hypotheses about processes underlying observed patterns, and is generally 
best applied in areas where a gradient of pressure is present (e.g. no pressure increasing 
gradually to ‘high’ pressure).  
 
It relies on finding relationships between observed changes in biodiversity and observed variability 
in pressures and environmental factors. It provides inference but it is not proof of cause and effect. 
The spatial and temporal scale for this type of monitoring will require careful consideration of the 
reality on the ground to ensure inference will be reliable; for example, inference will be poor in 
situations where the presence of a pressure is consistently correlated to the presence of an 
environmental driver (e.g., a specific depth stratum).  
 
Investigative monitoring to determine management needs and effectiveness (Type 3 
monitoring) 
Objective: to investigate the cause of change.  
 
This monitoring type provides evidence of causality. It complements the above types by testing 
specific hypotheses through targeted manipulative studies (i.e. excluding an impact or causing an 
impact for experimental purposes). The design and statistical approach that can be used in these 
cases gives confidence in identifying cause and effect. It is best suited to test state/pressure 
relationships and the efficacy of management measures. 
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2.1.2 Which monitoring types are relevant? 
 
The following questions will help to determine which monitoring types are relevant. 
 
Are pressure-state relationships already understood? 
 
Our understanding of the relationships between anthropogenic pressures and habitat 
condition is variable. Some relationships are clearly established, with a large body of 
supporting evidence (e.g. the impact of abrasion on slow-growing biogenic habitats, such as 
cold-water corals, or sponge beds), whilst others require further investigation (e.g. the impact 
of abrasion on sedimentary habitats).  
 
Further studies are unlikely to be an efficient use of resources for combinations of habitats 
and pressures where the relationship is well established, unless there is a specific need for 
understanding of local conditions, or a requirement for such monitoring under activity 
licensing conditions. For habitats where pressure-state relationships are less clearly defined, 
operational or investigative monitoring may be appropriate to inform management measures 
and improve assessments of condition.  


Do established or proposed management measures result in complete or zoned 
restrictions? 


The nature of planned or existing management measures may influence whether 
investigative monitoring is required. If management measures reduce the risk of impacts to 
the lowest possible level (i.e. the complete exclusion of pressures to which habitats are 
sensitive), investigative monitoring may not be necessary, unless evidence of habitat or 
species recovery is required at the local scale (e.g. where the socio-economic impacts of the 
closure are high). For example, where fishers have been excluded from a popular fishing 
ground it may be necessary to provide evidence of improved habitat condition within the 
closure. 
 
Where zoned management is proposed or in place (e.g. only closing specific areas within an 
MPA, or excluding certain gear types) investigative monitoring studies may be conducted to 
enable adaptive management of the site. 
 


2.1.3 Which monitoring types are feasible? 
 
Operational and/or investigative monitoring are not always feasible, even if they are relevant, 
as they involve more complex designs than sentinel monitoring (discussed further in 
Sections 9.3 and 9.4). These types of monitoring will also benefit from a higher level of 
confidence in habitat distribution than required by sentinel monitoring, and some knowledge 
of the spatial and temporal distribution of pressures is also needed. 
 
The following questions will help the reader follow a suggested assessment process to 
determine whether operational or investigative monitoring are feasible (illustrated in 
Figure 2). 
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Figure 2. Defining monitoring objectives: a process to determine whether operational and/or 
investigative monitoring are feasible. 
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Is habitat distribution sufficiently understood to enable sampling design, or is 
acquisition of new acoustic data feasible? 
 
Operational and investigative sampling designs are optimised where the distribution of 
habitats is known with reasonably high confidence, and sampling effort can be distributed or 
‘stratified’ using this information (discussed further in Section 9), however the resolution and 
level of confidence in habitat maps can vary widely. For example, in the UK a number of 
areas (including some MPAs) have been mapped using remote sensing data sources (e.g. 
bathymetry, backscatter, side scan sonar, LIDAR2) validated by ground-truthing data (e.g. 
grab sampling and photographic data). Subsequently confidence in habitat distribution can 
be relatively high for some areas, whilst no such data are available for others. In these areas 
modelled products will indicate predicted habitat distribution (e.g. EMODnet3 seabed habitats 
and bathymetry layers), but the distribution cannot be assumed to be accurate.  
 
At this point acquisition of new remote sensing data should be considered, to allow 
characterisation of the site and aid sampling design. The strength of the case for and 
feasibility of acquiring such data will depend on the habitat type, the size of the survey area, 
the resources required, and the stated monitoring objectives.  
 
It is recommended that new remote sensing data are acquired and a habitat map created if 
the area does not have an existing high-resolution habitat map, or the existing one is likely to 
be obsolete. However, acquisition of remote sensing data and production of habitat maps 
can be extremely resource-intensive, particularly for large survey areas, and it is unlikely that 
mapping will be always be an efficient use of resources. For example, where sediments are 
mobile (e.g. sandbanks) or features are ephemeral (e.g. Sabellaria spinulosa reefs) maps 
can become obsolete within a relatively short period of time.   
 
For some habitats, it is possible to conduct operational or investigative monitoring activities 
in the absence of a high confidence habitat map. This approach is likely to be most effective 
where a habitat of interest is thought to be homogeneous and its distribution is predicted to 
be consistent across the survey area. Where habitats are highly patchy (e.g. cobble 
mosaics), variable (e.g. a range of habitats within the site) or discrete (e.g. areas of 
Methane-Derived Authigenic Carbonate (MDAC)) the lack of a high confidence map is likely 
to reduce the robustness of the design. If acquisition of remote-sensing data is not possible 
for areas with patchy or variable habitats, modelled products should be used with caution 
and with awareness that the design is likely to be less statistically robust. In some situations, 
where habitat maps are not available, the robustness and precision of the sampling (see 
Section 6.2) can be improved by increasing the sample size (‘oversampling’) and applying 
post-hoc stratification (see Section 9.1.2 and 10.2). 
 
In some cases, it will not be possible to design operational or investigative monitoring 
activities in the absence of remote sensing data; for example, investigative monitoring of 
locally discrete habitats (e.g. isolated patches of rocky reef) cannot be conducted where a 
suitable control site cannot be identified. 
 
Are habitats extremely variable, mobile or ephemeral? 
 
Some habitats, such as sandbanks, display very high levels of natural variability, with 
substantial small-scale variation in substrates and associated taxa. In such habitats it can be 
difficult to detect anthropogenic impacts against a background of natural variation (e.g. 
Collie et al 2000; Hiddink et al 2006; van Denderen et al 2015). A large sample size may 


                                                
2 Light Detection and Ranging; a technique that uses light sensors to measure distance. 
3 The European Marine Observation and Data Network.  
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compensate for the effect of such variation; however, collection of an adequate sample may 
not always be achievable given financial and logistical constraints. 
 
Where habitats are highly mobile (e.g. some sandbanks), or ephemeral (e.g. Sabellaria 
reefs), investigative monitoring studies should only be undertaken with extreme caution, if at 
all. In such habitats it is likely that substrate and community composition will change 
naturally within both the control and impact areas, and therefore it will not be possible to 
categorically attribute an improvement or decline in condition to the implementation of 
management measures. 
 
Are the spatial and temporal distributions of pressures understood? 
 
Operational and investigative designs require knowledge of the spatial distribution and 
intensity of relevant anthropogenic pressures across the habitat/s of interest. This 
information may also be required for interpretation of patterns observed from sentinel 
monitoring data. The availability and reliability of pressures information should therefore be 
considered in the development of monitoring objectives.  
 
Pressure mapping can be relatively straightforward in the intertidal zone, but is increasingly 
difficult in the inshore and offshore areas. Some non-dispersive pressures can be mapped 
with high accuracy in subtidal zones (e.g. physical change directly below a newly placed 
piece of infrastructure), but the vast majority of pressures cannot be accurately mapped in 
these areas. Subtidal pressure mapping therefore generally entails a degree of modelling or 
inference (e.g. modelling of contaminant dispersion, aggregation of Vessel Monitoring 
System (VMS) transmission ‘pings’ or sightings-per-unit-effort (SPUE) to grid cell format). 
Some marine activities and pressures cannot be mapped with any confidence (e.g. marine 
litter distribution). In cases where the pressure distribution is unknown, qualitative 
information or expert judgement is required to determine whether a pressure-state study is 
feasible.  
 
The level of confidence in pressure mapping products may also be reduced where pressure 
intensity is low. For example, fisheries VMS ‘pings’ can be aggregated to grid cells to map 
estimated ‘swept area’ of demersal abrasion within offshore waters (where the operational 
fleet is primarily >12m length); if the ratio of the area ‘swept’ to the area of the cell is very low 
(i.e. there are very few pings), it is unlikely that sampling points will coincide with areas 
within the cell which have been exposed to the pressure. It is essential that the method used 
to map pressures is fully understood. 
 
In addition to mapped pressures, the likelihood that additional unmapped pressures exist 
within the survey area should be considered. This is particularly relevant for the inshore 
region, where anthropogenic activity is substantially higher and generally more diverse due 
to land proximity. It may be possible to account for additional unmapped pressures in 
analysis (e.g. addition of hydrocarbon concentration as a covariate, or calculation of 
contamination indices); if this is not possible operational or investigative monitoring may not 
be appropriate. 
 
The temporal limitations of pressures data should also be appraised in the context of the 
habitat/s being monitored. If the data are not recent it is possible that the habitat has 
recovered from any impact, and that a relationship will not be detected. This is particularly 
relevant for habitats such as sandbanks which are subject to high levels of natural 
hydrodynamic disturbance, and are likely to recover more quickly than low-energy habitats 
(e.g. Dernie et al 2003; Kaiser et al 2006). 
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Further considerations: operational monitoring 
 
If confidence in pressure distribution is satisfactory in terms of both time and space, the data 
should be assessed to determine whether pressure gradients are sufficient for further 
investigation; 
 
Is the pressure of interest sufficient to investigate the pressure-state relationship? 
 
Identification of a biological response to an anthropogenic pressure requires sampling 
across a large range of pressure intensity. If the pressure appears to be evenly distributed, 
or shows little variation across the habitat of interest, it will be difficult or impossible to 
determine how habitat condition changes in response to increasing pressure intensity (see 
Section 3). The level of pressure variation needed to detect a clear response in biological 
variables will vary between habitats and systems. For example, a higher range of 
anthropogenic disturbance is required to detect indicator response in dynamic systems, 
where benthic communities are adapted to natural disturbance (e.g. sandbanks, see 
Jenkins et al 2015). A lower level of pressure would be sufficient for habitats which are not 
naturally subject to disturbance and recover more slowly from anthropogenic impacts (e.g. 
corals or deep-sea sponge aggregations).  
 
Is the pressure gradient highly correlated with another environmental or physical parameter? 
 
Where a pressure gradient is highly correlated with another environmental or physical 
parameter (e.g. sediment type or seabed depth) it will be difficult or impossible to detect a 
biological response to pressure against natural variation. In some cases, it may be possible 
to distinguish responses to anthropogenic pressures by modelling correlated parameters, but 
where the pressure & environmental parameter/s are collinear (very highly correlated) it will 
be difficult to identify causation in the relationships observed. In such cases, investigative 
monitoring studies are likely to be more appropriate for exploring relationships between 
pressures and habitat state. Further detailed guidance on survey designs for operational 
monitoring is provided in Section 9.3. 
 
Further considerations: investigative monitoring 
 
Where investigative monitoring is relevant to identify whether management measures have 
been effective, the feasibility of this type of monitoring is dependent on several conditions. 
These can be explored using the questions below: 
 
Are management measures in place, or are future management areas known? 
 
The ability to attribute change to management measures will be severely limited if sufficient 
data have not been collected prior to their implementation. If management measures have 
already been implemented and ‘before’ data have not been acquired it will be possible to 
compare managed areas and control sites, however it cannot be assumed that they were in 
the same condition before application of the measures. 
 
Management measures can result in exclusion of activities from an entire area of habitat 
(e.g. of all rocky reef within an MPA), or from a series of areas within a wider habitat (zoned 
management). If the planned management is zoned, the locations of the management areas 
must be known with confidence to enable a balanced and statistically robust investigative 
design. If the locations of the management areas are not known with confidence, it may be 
possible to use sentinel monitoring samples for a before and after comparison, depending on 
the number of sentinel sampling points which have fallen within the management areas on 
the initial survey. The probability of being able to use sentinel monitoring data for 
investigative monitoring studies are improved if a systematic sampling strategy is used (e.g. 
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a triangular grid pattern, see Section 9.1.3), however a robust dataset cannot be guaranteed 
without knowing the size and location of management areas.  
 
Are pressure/s sufficiently high that a clear change in habitat condition could be detected 
after implementation of management measures? 
 
The likelihood of detecting a biological response after management implementation may be 
reduced where the pressure of interest has historically been low. The probability of detecting 
a change will vary depending on the sensitivity of the habitat/s to the excluded pressure/s. In 
cases where the likely effects of management measures are thought to be too subtle to 
detect against a background of natural variation, or confidence in pressure mapping 
products is low, investigative monitoring is unlikely to be feasible. 
 
Is a suitable control site available? 
 
A robust sampling design to detect the effects of management measures will generally 
feature sampling before and after the measures have been implemented, at both the ‘impact’ 
site(s) (where management measures are implemented, or where an experimental impact 
has been applied), and at ‘control’ site(s) (where the status quo is maintained) as a 
minimum. This type of design, termed Before-After-Control-Impact (BACI), is particularly 
powerful because it controls for both temporal and spatial variation, improving the 
robustness of conclusions on management effects. For a BACI study to be a viable option, a 
suitable control site must be available (see Section 9.4.6 for further details).  
 
Control sites should: 
 


- ideally be in relatively close proximity to the ‘impact’ site (area/s where management 
measures are to be introduced), 


- not be directly adjacent to the impact site to avoid biological ‘overspill’ or edge effects 
(e.g. concentrated fishing pressure at the boundaries of a managed area), 


- ideally be located where there is high confidence in habitat distribution; particularly 
where comparable substrates are likely to be isolated or limited in extent (e.g. a rocky 
outcrop), although high resolution maps are less critical where substrates are likely to 
be homogeneous, 


- have comparable environmental conditions (e.g. hydrodynamic regime and organic 
inputs) to those of the impact site, 


- have a sufficient level of the same pressure that a difference between the control and 
impact sites may be detected using an appropriate indicator following management. 


 
Finding suitable control sites can be difficult when habitats are locally rare or isolated. For 
example, where an MPA has been designated to protect an isolated or rare habitat (e.g. 
MDAC concretions), identification of a control site is likely to involve considerable extra 
acoustic survey time and resources, which can render BACI-type studies unfeasible. Where 
habitats are likely to be more broadly distributed (e.g. sedimentary habitats) control sites can 
be identified by using modelled habitats data (such as EMODnet seabed habitats4) in 
combination with pressures information, and variation can be limited post-hoc by only 
comparing samples with a similar sediment composition to the impact site. 
 


                                                
4 http://www.emodnet.eu/seabed-habitats 


 



http://www.emodnet.eu/seabed-habitats
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Further detailed guidance on investigative monitoring designs is available in Section 9.4. 
 


2.2 Indirect monitoring 
 
Indirect monitoring involves monitoring of pressures to infer habitat condition, as an 
alternative to or in combination with direct monitoring. Indirect monitoring can be used as an 
early warning tool to flag up the need for urgent direct monitoring where pressure levels 
have changed, or it can provide an effective and economical alternative to frequent direct 
monitoring where certain conditions are met. It is expected that indirect monitoring will play a 
role in most monitoring programmes, however it should be stressed that this approach is not 
always suitable as a replacement for direct monitoring.  
 
The extent to which a monitoring programme relies on indirect monitoring should be careful 
considered; it is recommended that monitoring programmes should only rely heavily on 
indirect monitoring or use it as a replacement for direct monitoring when; 
  


1. The distribution and intensity of pressures is well understood.  
Availability of information on pressure distribution and intensity of pressures varies 
widely. As mentioned previously, relatively accurate information on pressure footprint 
is available for some pressures in specific areas, whilst others are poorly understood 
(e.g. indirect or dispersive pressures such as hydrocarbon contamination or sediment 
dispersal). For example, reliable VMS data are currently only available for vessels 
>12m length, which primarily operate in the offshore region. Sighting and logbook 
information can provide an indication of fishing activity inshore, for example an 
inshore SPUE map has been produced by Cefas (Breen et al 2014), however the 
inshore distribution of the pressure is unlikely to be understood as well as offshore. 


 
2. The number of pressures is low 


Pressures are likely to be more numerous in some areas, such as the inshore, and 
shallower or less remote offshore regions. At present understanding of the 
cumulative effects of pressures is limited, therefore indirect monitoring is most 
suitable where a single pressure or low number of pressures are likely to be present. 
 


3. Pressure-state relationships are firmly established 
Indirect monitoring should only be considered where the pressure-state relationship 
is well understood, and the change in habitat condition in response to a particular 
pressure is consistent and predictable. 


 


2.3 Duration and frequency of monitoring 
 
A long-term commitment to ongoing regular and consistent data collection is needed to 
achieve sentinel monitoring objectives in an efficient way. The appropriate frequency of 
sentinel sampling will vary across habitats based on the relative risk of the habitat to human 
pressures, as well as the life cycles of biota and natural variability in parameters selected for 
monitoring. These sampling cycles will be further influenced by reporting schedules and 
availability of funding and resources. 
 
Operational monitoring may consist of a one-off case study (e.g. a research and 
development study designed to develop an indicator of habitat condition; see Section 3), or 
occur multiple times (e.g. regular pressure gradient monitoring required as a condition of 
development consent). Investigative monitoring studies will require repeated sampling, with 
at least two sampling events; before and after an impact or the introduction of management 
measures. Similar to operational monitoring the frequency and number of sampling events is 
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flexible, and will depend heavily on the resources available, the purpose of the monitoring, 
the evidence requirement and the characteristics of the habitat in question. 
  
Where indirect monitoring is used in a monitoring programme it should be conducted at a 
frequency which is relevant to the pressure and habitat combination, dependent on the 
availability of data. 
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2.4 Summary of key points and recommendations 


 


Section 2: Defining monitoring objectives 


Key Points: 


- The foundation of a successful monitoring programme is the early establishment of 
clearly defined and achievable objectives. 


- Monitoring objectives will generally correspond to one or more of the three 
monitoring types described in the UK Marine Biodiversity Monitoring Strategy 
(Kröger & Johnston 2016): 


- Sentinel Monitoring of long-term trends (Type 1 monitoring) 


- Operational Monitoring of pressure-state relationships (Type 2 monitoring) 


- Investigative Monitoring to determine management needs and effectiveness  
(Type 3 monitoring) 


- Sentinel monitoring can be conducted wherever there are no logistical constraints, 
but operational and investigative monitoring will not always be relevant or feasible. 


- Monitoring can be direct (e.g. collecting physical and/or remote sensing data), or 
indirect (e.g. monitoring of pressures to infer habitat condition). 


Recommendations: 


- If operational and/or investigative monitoring are required to achieve monitoring 
objectives, the following questions should be used to determine whether they are 
feasible:  


- Is habitat distribution sufficiently understood to enable sampling design, or is 
acquisition of new acoustic data feasible? 


- Are habitats extremely variable, mobile or ephemeral? 


- Are the spatial and temporal distributions of pressures understood? 


- Is the pressure of interest sufficient to investigate the pressure-state 
relationship? (Operational) 


- Is the pressure gradient highly correlated with another environmental or 
physical parameter? (Operational) 


- Are management measures in place or are future management areas known? 
(Investigative) 


- Are pressure/s sufficiently high that a clear change in habitat condition could 
be detected after implementation of management measures? (Investigative) 


- Is a suitable control site available? (Investigative) 


- The flowchart in Figure 2 can be used to determine which monitoring types are 
feasible. 
 


- Indirect monitoring should only replace direct monitoring when: 


- The distribution and intensity of pressures is well understood. 


- The number of pressures is low. 


- Pressure-state relationships are firmly established. 
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3 Selecting indicators  
 
Having defined monitoring objectives, the next step is to determine which ecological 
parameters should be measured. Marine benthic habitats are highly complex, therefore it is 
common practice to limit the number of monitored parameters by using one or more 
indicators to represent key functional and structural aspects of the ecosystem (OSPAR 
2012).  
 
According to OSPAR (2012) advice on the selection of indicators (for assessment under the 
Marine Strategy Framework Directive, MSFD), a marine biodiversity indicator is defined as: 
 


‘any measurable feature or condition of the marine environment that is 
relevant to the stability and integrity of habitats and communities, the 


sustainability of ecosystem goods and services (e.g. primary productivity, 
maintenance of food chains, nutrient cycling, biodiversity), the quality and 
safety of seafood, and the status of amenities of socio-economic importance.’  


 
OSPAR has identified two different types of indicator which can be used to assess 
differences between actual and desired environmental condition, or ‘state’: 
 


• State indicators reflect the actual environmental condition within a given 
geographical area, and include selected species, assemblage characteristics, and 
biotic functional groups, in addition to habitat characteristics. 


Physical or chemical properties, such as hydrodynamic parameters, shear stress, 
light attenuation or nutrient levels may also be used as indicators, where they are 
very closely linked to the condition of habitat/s (Alexander et al 2014). 


• Pressure indicators indicate the prevailing anthropogenic pressures (e.g. VMS 
data, contaminant measurements or dispersion models), and may be used indirectly 
to infer the environmental condition where pressure and state are closely linked.  


State and pressure indicators, either singularly or in combination, can be used to assess 
whether the desired environmental status has been achieved. For example, whether MPAs 
have achieved conservation objectives, or whether specific benthic habitats have achieved 
targets as defined by wider marine policy drivers (e.g. attainment of Good Environmental 
Status (GES) under the MSFD). 
 
Broad-scale indicators have been and continue to be developed to fulfil requirements of 
policy drivers or directives, for example; MSFD, the OSPAR convention, Birds & Habitats 
Directives, Marine and Coastal Access Act, Marine (Scotland) Act and Water Framework 
Directive (WFD). Such indicators should be incorporated into monitoring programmes to 
maximise consistency and efficiency; however, it may also be necessary to develop 
additional indicators at the habitat level, or for specific geographical areas. 
 
The complexity of marine ecosystem processes, functions and interactions, and the relative 
paucity of information (particularly in the offshore region), make the selection of state 
indicators an extremely difficult task. Indicators which have been selected subjectively (i.e. 
based on assumptions or observations) may undermine the monitoring objectives by not 
accurately reflecting true environmental condition, or impacts of anthropogenic pressures. 
The robustness of state indicators is crucial for the success of a monitoring programme, and 
indicators should be developed in a logical and objective way.  
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The following sections, 3.1 and 3.3, summarise key steps in the state indicator development 
process, including building and using CEMs, assessing attributes of indicators, and testing 
and validation. 
 


3.1 Developing and using Conceptual Ecological Models (CEMs) 
 
Conceptual Ecological Models (CEMs) provide frameworks by which ecological parameters 
can be systematically selected for development as indicators, taking the complex processes 
which drive marine benthic ecosystems into account (e.g. Maddox et al 1999; Manley et al 
2000; Gross 2003).  
 
CEMs are diagrammatic representations of the influences and processes which occur within 
an ecosystem, with important aspects of habitats and their biological communities being 
represented by discrete model components (e.g. sediment type, recruitment, infauna). They 
can be used to identify critical aspects of an ecosystem which may serve as a basis for 
indicator development. The strength and direction of ecosystem processes can be displayed, 
to identify which model components are likely to show the strongest response to natural 
variability and anthropogenic pressures. Using this information, ecological parameters (e.g. 
number of taxa, abundance per taxon, or biomass) can then be identified to either directly or 
indirectly measure these important model components, and to be taken forward for 
development as indicators. 
 
JNCC has commissioned a series of CEMs for subtidal temperate habitats which will be 
used in the UK to identify appropriate ecological components for state indicator 
development; for example, shallow sublittoral coarse sediments (Alexander et al 2014), 
shallow sublittoral rock (Alexander et al 2015), shallow sublittoral muds (Coates et al 2015). 
It should be noted that CEMs are unlikely to be developed for the full range of subtidal 
habitats for which the UK has a monitoring or reporting obligation.  
 
In the absence of CEMs for specific habitats, existing datasets, pilot studies, scientific and 
grey literature should be critically reviewed to determine which parameters may be suitable 
for development as state indicators. 
 


3.2 Developing state indicators 
 
Not all ecological parameters identified from CEMs will make effective state indicators; they 
must possess certain attributes which allow change to be detected in an efficient and 
logistically sustainable way, against a background of natural variation. Once ecological 
parameters have been selected they must be assessed for suitability as potential indicators. 
 


3.2.1 Attributes of effective state indicators   
 
The International Council for the Exploration of the Seas (ICES) Advisory Committee on 
Ecosystems5 defines a ‘good’ indicator as one that specialists and non-specialists can both 
easily comprehend, that is sensitive to (and tightly linked in space and time to) human 
activity, is accurately measurable, has a low responsiveness to natural changes in the 
environment, is based on currently available data, and is widely applicable over large areas. 
In advice on the selection of indicators for descriptors of marine biodiversity, OSPAR (2012) 
set out selection criteria. Although OSPAR have specified these criteria in reference to 
MSFD indicators, they can be broadly applied outside of this context and are shown in 
Table 1. Ecological parameters should be assessed alongside this list with consideration of 


                                                
5 www.ices.dk/community/groups/Pages/ACOM.aspx.  
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whether it will be feasible to measure the indicator in the long-term, given financial and 
equipment resources.  
 
Table 1. OSPAR (2012) state indicator selection criteria (adapted from ICES and UK scientific 
indicator evaluation). 


Criterion Specification 


Sensitivity Does the indicator allow detection of any type of change against background 
variation or noise? 


Accuracy Is the indicator measured with a low error rate? 


Specificity Does the indicator respond primarily to a particular human pressure, with low 
responsiveness to other causes of change? 


Simplicity Is the indicator easily measured? 


Responsiveness Is the indicator able to act as an early warning signal? 


Spatial 
applicability 


Is the indicator measurable over a large proportion of the geographical area to 
which it is to apply e.g. if the indicator is used at a UK level, is it possible to 
measure the required parameter(s) across this entire range or is it localised to 
one small scale area? 


Management link Is the indicator tightly linked to an activity which can be managed to reduce its 
negative effects on the indicator (i.e. are the quantitative trends in cause and 
effect of change well known?) 


Validity Is the indicator based on an existing body or time-series of data (either 
continuous or interrupted) to allow a realistic setting of objectives? 


Communication Is the indicator relatively easy to understand by non-scientists and those who 
will decide on their use? 


 


3.3 Testing and validating state indicators 
 
Ecological parameters selected as potential indicators should be validated and tested before 
they are made operational. Ideally this process should use data specifically acquired for this 
purpose (e.g. an operational monitoring design where the indicator is measured along a 
pressure gradient). Existing data could be used if this is not possible, provided the spatial 
and temporal distribution of the data is adequate for testing the indicator. Validation 
requirements will vary depending on the nature of the indicator, however it must be shown to 
reliably and consistently respond to anthropogenic disturbance. 
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3.4 Summary of key points and recommendations 
 


Section 3: Selecting indicators 


Key Points: 


- An indicator is defined by OSPAR (2012) as: 


‘any measurable feature or condition of the marine environment that is 
relevant to the stability and integrity of habitats and communities, the 


sustainability of ecosystem goods and services (e.g. primary productivity, 
maintenance of food chains, nutrient cycling, biodiversity), the quality and 
safety of seafood, and the status of amenities of socio-economic 
importance.’  


- State indicators reflect the actual environmental condition within a given 
geographical area, whilst pressure indicators indicate the prevailing anthropogenic 
pressures. 


- Broad-scale indicators have been and continue to be developed to fulfil 
requirements of policy drivers or directives, however it may be necessary to 
develop additional indicators at the habitat level or for specified geographical 
areas. 


- Conceptual Ecological Models (CEMs) provide frameworks by which ecological 
parameters can be systematically selected for development as indicators, taking 
into account the complex processes which drive marine benthic ecosystems. 


- Not all ecological parameters are suitable for development as state indicators. 
OSPAR (2012) have published a list of criteria to aid state indicator selection. 


Recommendations: 


- JNCC has commissioned a series of Conceptual Ecological Models (CEMs) for a 
limited number of subtidal temperate habitats (available on the JNCC Report 
Series webpage). These CEMs can be used to select ecological parameters for 
development as state indicators. 


- Where CEMs are not available existing datasets, pilot studies, scientific and grey 
literature should be critically reviewed to determine which parameters should be 
developed as state indicators. 


- Ecological parameters selected for indicator development should be assessed 
against the OSPAR (2012) list of state indicator selection criteria (Table 1). 


- Ecological parameters which have been selected as potential indicators should 
undergo a testing and validation phase before they are made operational. 
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4 Sourcing, assessing and using existing data  
 
Designing a benthic monitoring programme to accurately detect change requires careful 
consideration of spatial and temporal variation within the habitat/s to be monitored. The use 
of existing data is a valuable and highly cost-effective means of better understanding marine 
benthic habitats. Existing data typically have two main functions within monitoring 
programmes: 
 


1) Providing information to facilitate sampling design (e.g. sample data for power 
analysis (discussed further in Section 6.6), species presence/absence, habitat maps 
that allow comparison of ephemeral feature distribution), 
 


2) Forming the initial observation/s in a monitoring time-series. 
 
This section provides information on identifying, sourcing and validating existing data, with 
emphasis on assessing the quality and relevance for benthic habitats monitoring. 
 


4.1 Sourcing existing data 
 
The quality and quantity of available data will vary substantially. Some areas may have been 
comprehensively surveyed; for example, Dogger Bank has been the subject of a series of 
academic research studies dating back to the 1920s, in addition to industry and site 
designation surveys, whilst deep sea MPAs may have limited available data. Sources of 
existing data include a range of public data-sharing initiatives, regional monitoring and 
mapping projects (e.g. Strategic Environmental Assessments, SEA), industry data, peer-
reviewed publications and grey literature (e.g. reports by SNCBs and NGOs). In the UK 
various information centres and databases facilitate access to sources of publicly-available 
data collected by governmental organisations, academic institutions, NGOs and citizen 
science programmes. Short descriptions and links to these data sources are provided in 
Annex I. Academic literature should also be reviewed for the area and/or habitat in question, 
to identify any datasets that are not publicly available and create opportunities for 
collaborative working. 
 


4.2 Assessing the suitability of existing data  
 
Existing data can be used to improve sampling designs and provide initial data points in 
monitoring time-series, however they must be carefully evaluated to ensure they are suitable 
for these purposes. 
 
Various factors can limit the quality of existing datasets; for example, the time of collection, 
acquisition techniques and equipment, sample processing protocols, and many others. 
Failure to appraise data quality can result in problems such as the generation of an 
inappropriate sample size (e.g. too small to accurately detect change, or too large, causing 
an unnecessary waste of resources) or inaccurate conclusions about change when used as 
the initial event in a monitoring time-series (e.g. detecting change where there has been 
none, or failing to detect change). Some basic considerations to aid data evaluation are 
presented in Table 2; it should be noted that these are intended as a guide only, and may 
not cover all issues in specific datasets. 
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Table 2. Considerations and questions to aid review of existing data for use in benthic habitat monitoring programmes. 


Data type Considerations Questions 


All data types Omission of basic information and provision of data in inappropriate 
formats can substantially limit the use of existing datasets.  


Is basic information such as seabed depth and sample co-
ordinates supplied? 


Are geodetic parameters specified? 


Are the data available in the required format? 


Existing data may not be suitable for fulfilling monitoring objectives, 
especially if ‘non-standard’ measurements are required, such as bivalve 
size. 


Have the required measurements been taken, and have 
environmental variables which are likely to covary with the 
indicator been measured? 


Inaccurate conclusions may be drawn if natural variance and change are 
measured using data which have been influenced by an unusual 
disturbance (e.g. a significant storm event, sea surface temperature 
anomaly or a contamination incident).  


Were the data collected during a period and from an area which, 
as far as possible, represents ‘undisturbed’ conditions in relation to 
the site, so that any change observed may be attributed to 
management measures or changes in parameters of interest (e.g. 
abrasion pressure)? 


Existing data may have been acquired prior to infrastructure 
development within or near the original sampling locations. Access to 
original sampling areas should be considered if this is the case, and the 
data are to form the initial point in a data-series. 


Do any developments or infrastructure exist within the site, or are 
they planned, potentially restricting future access and limiting re-
sampling opportunities?  


Grab or core 
sample data 


 


The size, shape and mechanism of the sampler used can substantially 
affect resulting biological and physico-chemical measurements. 


Is the sampler type, sample volume and sample depth known? 


The size of the sieve mesh aperture, sieving and sorting techniques used 
to process infauna can significantly affect the recorded community 
structure (see MESH ROG: Guerra & Freitas 2012; Bishop & Hartley 
1986; Phillips et al 2014). 


Is the sieve mesh aperture size known? Which sieving technique 
has been used? 


 


Physico-chemical analysis procedures may vary, and some procedures 
have been rendered largely obsolete due to technological advances (e.g. 
infrared detection of hydrocarbons). 


 


Are the analytical procedures accurately recorded, and do they 
correspond to recognised standards (e.g. ISO)? For instance, the 
method by which organic carbon has been isolated, or the 
digestion technique used to extract metals. 


Are the analytical procedures repeatable, and are they considered 
to be sufficiently accurate in comparison to modern techniques? 
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Data type Considerations Questions 


Grab or core 
sample data 


Macrofaunal datasets are typically subject to a process of rationalisation, 
involving aggregation and exclusion of specific taxa, and removal of 
juveniles to reduce the effect of newly-settled ephemeral components of 
the assemblage (OSPAR 2004). 


Are the raw data available? If not, is the rationalisation procedure 
clear, and is it known whether the dataset includes juveniles? Are 
species names consistent with current nomenclature? 


The experience of laboratory personnel, and the quality control 
procedures followed can significantly influence the accuracy of the data. 


Is the laboratory used reputable, and does it participate in a quality 
control scheme such as the National Marine Biological Analytical 
Quality Control scheme (NMBAQC)? If not, caution should be 
exercised in data interpretation. 


Photographic 
and video 
data 


 


Data quality can be compromised by operational and environmental 
factors, such as vessel positioning capability, wave height, image quality, 
light and turbidity (see MESH ROG: Coggan et al 2007; NMBAQC 
guidance: Hitchin et al 2015).  


Are the data of sufficient quality to extract the required 
information? Was the positioning equipment on the camera or was 
position taken from the vessel? 


Substantial variation may exist in the taxonomic resolution to which biota 
are identified. Analytical errors may include incorrect identification of 
organisms which are difficult or impossible to identify to generic or 
species level from photographic data (e.g. sponges), and loss of 
information where taxonomic resolution is too low for full identification. 


Have the biota been identified to an appropriate taxonomic 
resolution, and are they comparable between datasets (further 
data rationalisation may be necessary if not)? 


 


The true distribution of rare or patchy habitats, species or communities 
may be obscured if video transect data are not logged at appropriate 
intervals (e.g. 10 / 50 / 100m segments). 


Have transect data been logged at sufficient intervals to accurately 
reflect the distribution of the indicator in question? 


Scientific trawl 
or dredge data 


The type of trawl used, trawl length and speed, and the aperture of the 
net mesh will influence which types of organisms are retained within the 
trawl or dredge (see MESH ROG: Curtis & Coggan 2007). 


Was the equipment used appropriate to adequately sample the 
communities of interest? 


 Acoustic data The positioning, resolution and quality of acoustic data (e.g. multibeam 
bathymetry, backscatter or side scan sonar) are extremely important if 
these data are to be used to create habitat maps, or to inform sampling 
design (see MESH ROGs: Long 2005; Hopkins 2007). 


Are acoustic data of sufficient quality to determine the distribution 
and/or character of habitats within the site? 


Is the acoustic coverage sufficient for monitoring objectives to be 
met? 
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4.3 Ensuring comparability of existing and new data 
 
Differences in survey timing, operational methods, equipment, processing and analysis 
techniques can all have implications for the quality and comparability of data. If existing data 
will provide the initial data point/s in a monitoring time-series, future monitoring practices 
should be aligned with the existing data set/s as far as possible, to ensure that any change 
detected is authentic.  
 
Seasonal variations in benthic ecosystems can introduce additional ‘noise’ into time-series 
data, which can obscure or magnify trends. Ideally the effects of seasonality should be 
minimised by conducting each sampling event within the same season. If this is not 
logistically possible it is important to be aware of temporal differences in the datasets and 
handle them accordingly; e.g. if juveniles have been excluded from an infaunal dataset the 
same protocol should be followed for comparing current data to minimise seasonal 
fluctuations (Reiss & Kröncke 2005). Existing data should not be treated as an initial 
monitoring event if the seasonal differences are substantial and cannot be corrected. 
 
Benthic samples can vary considerably due to the different capacities, mechanical actions, 
and bite profiles of sampling devices, with performance also influenced by sediment type 
(Blomqvist 1991; Barrio Froján & Mason 2010). Differences in grab sampler volume are 
likely to create disparities in faunal characterisation, as larger samplers are more likely to 
capture widely dispersed or rare taxa (Boyd et al 2006). A similar bias occurs for benthic 
dredges and trawls, in relation to different designs, modifications and tow speeds 
(Eleftheriou & Moore 2013). Where current habitat condition will be assessed against 
existing data, best practice dictates that the sampler type, capacity and method of use 
should correspond to that originally used, unless a gear comparison study indicates that a 
different sampler is comparable. If sampling equipment cannot be aligned due to logistical 
constraints or other overriding factors (e.g. the desire to maintain inter-agency or 
international consistency), potential differences in the datasets should be acknowledged 
throughout the analysis and reporting process. 
 
Processing and analysis specifications can also limit comparison of existing and current 
data. Comparison of samples processed using sieves with different mesh apertures (i.e. 
0.5mm or 1.0mm for macrofauna, or 0.30mm or 0.25mm for meiofauna) will be incomparable 
due to selectivity bias (Reish 1959; Lewis & Stoner 1981). Samples which have been 
processed using different sieving techniques (e.g. autosiever versus manual sieving) should 
also be compared with caution. 
 
Analytical techniques and reporting standards can introduce variation in physico-chemical 
datasets (e.g. particle size classification system, organic content analysis methods, heavy- 
and trace metal digestion techniques), rendering time-series data incomparable. This is 
particularly an issue for datasets spanning decades where methods, equipment and 
protocols may have become obsolete or less commonly used. 
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4.4 Summary of key points and recommendations 
 


 


  


Section 4: Sourcing, assessing and using existing data 


Key Points: 


• Existing data are a valuable and highly cost-effective source of information on the 
variation expected in specific areas or habitats. These data have two main 
functions within monitoring programmes: 


- Providing information to aid sampling design. 


- Constituting the initial event/s in a monitoring time-series. 


• Existing data collected by governmental organisations, academic institutions, 
NGOs and citizen science programmes are publicly available from a variety of 
information centres and databases. 


Recommendations: 


• Existing data should be carefully evaluated to ensure that they are suitable for use 
in monitoring programmes. 


• The data sources listed in Annex I can be used as a starting point to obtain 
existing UK data. 


• The considerations provided in Table 2 can be used to help evaluate whether the 
existing data are suitable for use. 


• When using existing data as the first point in a monitoring time-series, current 
monitoring practices should be aligned wherever possible (e.g. in terms of survey 
timing, operational methods, equipment, processing and analysis techniques), and 
addressed in analysis and reporting. 
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5 Considering temporal limitations 
 
Logistical factors such as financial resources, vessel availability, and reporting cycles will 
often limit the timing of monitoring surveys. It may also be necessary to time surveys to 
avoid adverse weather or environmental conditions (e.g. visibility can be reduced by organic 
detritus in the water column, or by sediment suspended by increased wave action). 
 
As mentioned in Section 4.3, sampling will ideally occur in the same season throughout the 
lifespan of a monitoring programme, unless there is evidence of low biological and 
environmental variation in the habitats of interest (JNCC 2004c). Where not dictated by 
logistical factors or the need to align with existing data, efforts should be made to sample at 
the optimum time for measuring the selected indicators.  
 
Macroalgal communities display tangible seasonal trends, and habitats in the photic zone 
may support dense ephemeral assemblages during the summer months (e.g. Maggs 1983; 
Howson & Davison 2000). Seasonal effects are also observed in seagrass communities, 
with die-back of seagrass blades and epiphytic assemblages present in the autumn and 
winter months (Short et al 1988). It is generally accepted that macroalgal and seagrass 
communities should be surveyed in the late summer months (JNCC 2004c), unless evidence 
suggests that this timing is inappropriate for particular species of interest. 
 
Epifaunal communities may also exhibit ephemeral cycles, with seasonal patterns often 
coinciding with those of algal assemblages (Jensen et al 1994). Bryozoans (e.g. Bugula spp: 
Hayward & Ryland 1998) and hydroids (e.g. Tubularia indivisa: Fish & Fish 1996) 
demonstrate seasonal cycles of growth in spring and summer and die-back in late autumn 
and winter, entering a phase of dormancy (see also Ryland 1976; Gili & Hughes 1995). 
Conversely some taxa, such as the soft coral Alcyonium digitatum, spawn in winter with 
larvae settling before the spring plankton bloom (Hartnoll 1975).  
 
Biogenic habitats can also display significant temporal variation. Sabellaria spinulosa reefs 
vary seasonally in quality and extent, with settlement of S. spinulosa juveniles recorded 
during March and April in south-western English waters (George & Warwick 1985; Wilson 
1970), and rapid annual growth of 2-3cm thick sheets occurring during a single spring/ 
summer growing season (Holt et al 1998). The location of reefs is also likely to change over 
time, as reefs are subject to 5-7 year cycles of aggregation and degeneration (Wilson 1971), 
and reefs are destroyed or eroded by winter storms (Holt et al 1998). Mytilus edulis reefs are 
also susceptible to partial or total destruction by erratic winter storms in exposed areas 
(Nehls & Thiel 1993), while recruitment is thought to be favoured by cold preceding winters 
(Holt et al 1998).  
 
Many infaunal taxa have seasonal reproductive patterns which dramatically alter the number 
of individuals present at different times of the year. Some polychaete worms have 
semelparous or ‘boom and bust’ life history strategies where the mature adults spawn 
synchronously and then die. The number of adults present will depend on the stage in their 
life cycle, whilst larval settlement and recruitment of juveniles can result in a massive 
increase in population size at certain times of the year (JNCC 2004b).  
 
Although the life cycles of benthic taxa should always be considered, practical constraints 
may dictate that sampling is conducted within a sub-optimal timeframe. Where this is 
necessary, the temporal disparity should be acknowledged in analysis and reporting, in 
addition to stochastic events which may have impacted the benthic environment, such as 
anomalously cold or stormy winters (Davies et al 2001; JNCC 2004b). 
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When sampling cannot occur at the optimum time it may be possible to rationalise data to 
reflect species or communities at the preferred period. For example, Reiss and Kröncke 
(2005) observed an increase in benthic macrofaunal abundance during spring and summer 
due to recruitment, which decreased in the winter in response to food limitation and 
predation pressure. Sampling the adult population in a state of equilibrium would therefore 
require monitoring at a time of year when substantial survey time would probably be lost to 
adverse weather conditions. Given the scale of resources required for marine survey, the 
benefit of sampling in winter is unlikely to offset the cost in terms of sample numbers. It 
would therefore be justifiable to conduct the survey in spring or summer, and to remove the 
juvenile fraction from the main dataset. 
 


5.1 Summary of key points and recommendations 
 


 
 
 


Section 5: Considering temporal limitations 


Key Points: 


• The appropriate monitoring season will depend on the ecology and life history of 
the relevant indicator taxa. 


• Seasonal variations in benthic ecosystems introduce variation into time-series 
data, which can obscure, or artificially elevate or decrease, the effect the 
monitoring aims to detect. 


• Seasonal variation is generally caused by reproductive patterns and ephemeral 
cycles (e.g. algal and epifaunal die-back). 


Recommendations: 


• The timing of sample collection should be planned in relation to the known biology 
of the organism or community of interest, and temporal variation of the 
ecosystem. 


• The effect of stochastic events such as anomalously cold or stormy winters should 
also be taken into account in analysis and reporting. 


• Seasonal variation should be reduced as far as possible by undertaking repeated 
monitoring surveys in the same season, wherever logistical limitations allow. 


• When it is not possible to temporally align repeated monitoring surveys, the 
potential impact on the time-series should be acknowledged and explored. 
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6 Considering inference, power and significance  
 
Statistical inference, the process of deducing properties of a population from quantitative 
sample data, is a highly effective tool for detecting change, when data are representative 
and acquired by means of well-designed sampling strategies (Steele 2001). This section 
describes how to acquire a statistically robust sample with sufficient power to enable 
statistical inference and answer monitoring questions with confidence. 
 


6.1 Statistical inference  
 
There are various methods of drawing inference from quantitative sample data. Frequentist 
(or classical) inference is the most common, using an objective framework of hypothesis 
testing to objectively calculate probability (p-values). Although this method has become 
ubiquitous across many different fields it is not without limitations, given its inherent 
vulnerability to errors (discussed further in Section 6.5), and the potential for 
misinterpretation and/or misuse of the resulting p-values (e.g. Anderson et al 2000; Nuzzo 
2014). Some statisticians advocate supplementing or even replacing p-values with other 
approaches. These include methods that emphasize estimation over testing, such as 
confidence or prediction intervals, decision-theoretic modelling and false discovery rates, 
and other approaches such as likelihood ratios or Bayesian methods (Wasserstein & 
Lazar 2016). 
 
Bayesian methods calculate probability in respect to knowledge of the ‘prior distribution’ of a 
parameter, and are becoming increasingly popular in ecology. The frequentist and Bayesian 
paradigms are conflicted; although the advantages of Bayesian inference are well-
documented, this branch of statistics is considered controversial by frequentists due to its 
perceived subjectivity and bias (Gelman 2008). 
 
The following sections of the guidance focus on frequentist principles, and where ‘statistical 
inference’ is referred to throughout the remainder of this document, the term will refer to 
frequentist inference. A core emphasis on frequentist principles is considered appropriate 
due the need to reduce subjectivity, and to ensure that the principles of sampling design and 
the results of monitoring are accessible to those using monitoring products. It is also likely 
that the ‘prior distribution’ of a parameter required for Bayesian statistics may not be known 
for the initial monitoring survey.  
 
It is acknowledged that there are various issues surrounding the use of p-values from 
frequentist analyses, but rigorous interpretation and transparent presentation of p-values and 
associated evidence should mitigate the common pitfalls. For instance, proper inference 
should be accompanied by full disclosure of the method used to determine sample size, the 
exclusions made, and the manipulations performed (Simonsohn et al 2013; Wasserstein & 
Lazar 2016). A p-value does not measure the size of an effect or, crucially, the importance of 
a result; therefore, effect sizes and confidence intervals should therefore always be reported 
to convey the magnitude of the effect (Nuzzo 2014). It is particularly important to emphasise 
that scientific conclusions, and resulting management or policy decisions should not be 
based solely on whether a p-value passes a specific threshold (Wasserstein & Lazar 2016). 
 
Further guidance on the proper interpretation and use of p-values is presented in a 
statement issued by the American Statistical Association (Wasserstein & Lazar 2016). 
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6.2 Sampling design terminology 
 
The robustness of statistical inference relies on accurate measurement of the selected 
indicator/s or parameters, through the acquisition of a well-designed sample 
(Eleftheriou 2013).  
 
Table 3 outlines fundamental terms and concepts related to sampling design which will be 
used throughout the following sections. 
 
Table 3. Sampling terminology. 


Term Definition 


Population In a statistical sense, a population is a collection of elements, 
objects or organisms of interest, to which the findings of a study 
are extrapolated (Steele 2001). 


e.g. all sea pens within an MPA, or all epifauna on a rocky 
outcrop 


Sampling unit  A sampling unit is one of the units into which an aggregate (i.e. a 
population) is divided for the purpose of sampling, each unit 
being regarded as individual and indivisible when the selection is 
made. (Dodge 2003). Sampling units can be considered as 
individual ‘items’ which provide measurements of a particular 
variable, attribute or characteristic (Steele 2001). 


A sampling unit can be defined arbitrarily, such as a quadrat or 
transect, or naturally, such as an individual organism, depending 
on the monitoring objectives (Dytham 2011). 


e.g. arbitrary units are often used for monitoring benthic habitats, 
such as a 100m camera transect, or a 0.1m2 grab sample. An 
example of a naturally defined unit would be a single fish 
sampled to measure mercury concentration. 


Sample (N) A part of a population, or subset from a set of sampling units 
(Dodge 2003), about which generalised conclusions can be 
drawn about the population by inference.  


e.g. N = 146 x 0.1m2 grab samples, or 54 x 100m camera 
transects 


Observation The value of a variable taken from a specific sampling unit. 


e.g. 32 sea pens observed from a single 100m camera transect 


Inference The process of deducing properties of an underlying population 
by analysis of sample data.  


i.e. the assumption that the patterns observed from sample data 
apply to the entire population. 


Variance () The distribution of data around their mean value. 


Bias The difference between a measured (sample) population mean 
and an accepted true population value (Bainbridge 1985). Bias is 
a systematic deviation of an estimate from the true value and is 
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caused by artefacts of the method used to obtain the estimate 
(Andrew & Mapstone 1987), leading to an under- or 
overestimate of the true population value (Walther & Moore 
2005). 


Measurement bias is mainly caused by faulty measuring devices 
or procedures, whilst sampling bias is due to unrepresentative 
sampling of the target population (Walther & Moore 2005). 


Precision The degree of concordance among a number of measurements 
or estimates for the same population (Cochran & Cox 1957; 
Sokal & Rohlf 1981; Lincoln et al 1982), precision is reflected by 
the variability of an estimate (Andrew & Mapstone 1987). 


Precision arises from the variance produced by the 
measurement device or procedure, in addition to sample 
variation (Walther & Moore 2005). The precision of a sample can 
be influenced by a wide range of factors, including measurement 
error, sample size, sampling unit size (e.g. a small vs large 
quadrat), sampling design and population variance. 


Accuracy The closeness of a measurement or estimate to the true value of 
the population (Cochran & Cox 1957; Sokal & Rohlf 1981; 
Lincoln et al 1982), as related to the bias and precision of the 
measurement. 


 


6.3 Precision and accuracy 
 
The probability that inference made about a population is correct and unbiased depends on 
the precision and accuracy of the sample. Precision and accuracy are interrelated, but they 
can vary independently when bias is present, leading to consistent over- or 
underrepresentation of the true parameter mean (as illustrated in Figure 3). For example, 
consider a survey that aims to measure infaunal abundance across a single habitat within a 
large MPA. If a large amount of sampling effort was concentrated in one corner of the site 
the variance in abundance could be low, resulting in high precision, but the accuracy might 
also be low, as the true population mean for the site would be biased if abundance varied 
across the MPA. In this case accuracy could be improved by distributing the sampling effort 
more evenly across the site. 
 
Acquiring a precise and accurate sample that reflects the population is essential for robust 
inference (Lindenmayer & Likens 2010; Addison 2011), but this can often prove challenging 
in the benthic environment where indicator response (e.g. to pressures) must be identified 
against a background of natural variation or ‘noise’.  
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 Precise Imprecise 


Accurate 


                      


Inaccurate 


            


Figure 3. Theoretical illustration of sampling accuracy versus precision. 


Note: The bullseye represents the true population mean. 


 
Marine flora and fauna can be extremely patchy in abundance and distribution, being 
influenced by many interacting processes at a variety of scales (Underwood & Chapman 
2013). Environmental, biological and anthropogenic factors which cause noise in data 
include, but are not limited to: 
 


- geographical location 
- sediment composition 
- habitat type 
- hydrodynamic regime 
- weather and temperature events 
- nutrient availability 
- pollution 
- life cycles 
- recruitment 
- competition and predation 
- anthropogenic disturbance 
 


An additional layer of noise can be introduced through variation in sampling procedures; for 
example, variation in grab sample volume, or differences in sieving techniques or 
identification skills between video analysts.  
 
Environmental parameters should be measured as covariates to reduce noise within 
datasets. The most commonly measured parameters for benthic habitats are depth and 
associated particle size distribution (PSD). Other parameters measured or quantified may 
include: 
 


- light penetration 
- organic matter 
- nitrates & phosphates 
- current speed 
- temperature 
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- turbidity 
- dissolved oxygen 
- redox potential 
- hydrocarbons and metals concentrations 


 
The appropriate parameters to measure will vary according to the monitoring objectives, the 
selected indicators, and the location of the survey area. A well-researched sampling design 
and analysis specification will reduce noise within sample data, however it should be 
recognised that unexplained variation is likely to exist due to factors such as unmapped 
pressures or poorly understood faunal distributions.  
 


6.4 Hypothesis testing  
 
The formulation and testing of hypotheses about indicator response is central to evaluating 
whether change has occurred over time (Addison 2011; Eleftheriou 2013), and determining 
whether management measures are needed or have been effective. Hypotheses should be 
defined before sampling design to avoid ambiguity about what is actually being measured 
(Addison 2011). 
 
Hypothesis testing is a method of statistical inference, which generally involves the 
comparison of two datasets, or the comparison of a dataset obtained by sampling against a 
synthesised data set from an idealised model. An alternative hypothesis (H1) is proposed for 
the statistical relationship between the two data sets, and this is tested against a null 
hypothesis (H0) that proposes no relationship between two data sets. Testing of a null 
hypothesis is based in the empirical falsification theory of Karl Popper (1935), which states 
that a theory can never be proven to be true, but it can be falsified. The essence of this 
theory is that it is not possible to prove the alternative or null hypotheses, only to reject the 
null hypothesis based on the probability that it is false. 
 
Alternative hypotheses can be directional or non-directional. A non-directional alternative 
hypothesis simply states that the null hypothesis is incorrect, whereas a directional 
hypothesis states that the null hypothesis is incorrect and also specifies whether the true 
value of the parameter is greater than or less than the reference value specified by the null 
hypothesis. For example: 
 


 
 
The use of a directional hypothesis enables a one-tailed statistical test to be performed, 
which provides more power to reject the null hypothesis when it is false, by not testing the 
effect in both directions (Ruxton & Neuhäuser 2010). It is therefore beneficial to use a 
directional hypothesis wherever confidence in the predicted direction of change is high. 


Box 2. 
 
Non-directional alternative hypothesis: 
 
   H1  :  Density of sponges will change within an area closed to trawling for 6 years 
   H0  :  Density of sponges will remain the same within an area closed to trawling for 6 


years 
 
Directional alternative hypothesis: 
 
   H1  :  Density of sponges will increase within an area closed to trawling for 6 years 
   H0  :  Density of sponges will remain the same within an area closed to trawling for 6 


years 
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Where there is ambiguity in the predicted direction of change, a non-directional hypothesis 
should be used. 
 
If the purpose of the monitoring is to identify long-term trends (sentinel monitoring), the rate 
and direction of change is likely to be unknown, therefore it is appropriate to use non-
directional hypotheses, which have power to detect either an increase or a decrease in the 
chosen indicator over a selected time period (e.g. between two sampling events, or a longer 
time-series). 
 
Where the purpose of the monitoring is to investigate pressure-state relationships 
(operational monitoring), or determine management needs and effectiveness (investigative 
monitoring), confidence in the direction of change should be higher, and use of a directional 
hypothesis may be justified. 
 
Once the hypotheses have been defined, calculation of a test statistic and p-value will inform 
acceptance or rejection of the null hypothesis. The p-value is defined as ‘the probability of 
observing results as extreme (or more) as observed, if the null hypothesis is true’ 
(Dytham 2011). In plain terms the lower the p-value, the lower the probability that the null 
hypothesis is true. The threshold at which the null hypothesis is rejected (e.g. p≤0.05 or 
p≤0.01), known as the significance level (α), is selected based on the strength of the 
evidence required to conclude an effect. 
 
At this point, consideration should be given to which statistical analyses will be most suitable 
to test the null hypothesis, as this will determine the type of power analysis and sampling 
design required. Further guidance on statistical analyses is presented in Section 10. 
 


6.5 Type I and Type II errors 
 
Hypothesis testing provides a powerful form of inference when used correctly, however the 
process is intrinsically prone to error. The two main forms of error in statistical testing are 
referred to as Type I and II errors (see Table 4), resulting in either incorrect acceptance or 
rejection of the null hypothesis. These errors are likely to lead to spurious conclusions about 
habitat condition, management effectiveness and pressure-state relationships, which could 
result in serious consequences for the marine environment and/or stakeholders (Green 
1979; Fairweather 1991; Mapstone 1995; Underwood 1997b; Quinn & Keough 2002).  
 
Table 4. Type I & II error: the four alternative outcomes of hypothesis testing. 


  Truth 


  No significant effect 
actually occurring (H0) 


Significant effect 
actually occurring (H1) 


Decision 
made 


Reject H0 (significant 
effect detected) 


Type I error  


Don’t reject H0 (no 
significant effect 
detected) 


 Type II error 


 
A Type I (false positive) error occurs when a significant effect is detected, where in reality 
one has not occurred, resulting in erroneous rejection of the null hypothesis. The probability 
of Type I error is expressed as the significance level (α or p-value), which is conventionally 
but arbitrarily set at 0.05. This probability equates to a 5% (1 in 20) chance of falsely 
rejecting the null hypothesis (i.e. concluding that a change has occurred when it has not). 
The arbitrary significance level of p ≤0.05 was initially suggested by Fisher (1925) and is 
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ubiquitous throughout many disciplines as a reasonable significance threshold.  The 
traditional p≤0.05 threshold is, however, skewed towards reduction of Type I errors. This 
threshold is appropriate in certain situations; a useful parallel is that of the judicial system, 
where the need for proof ‘beyond any reasonable doubt’ in criminal prosecutions makes it 
less likely that an innocent person will be convicted (Type I error), but also more likely that a 
guilty person will go free (Type II error) (Peterman & M’Gonigle 1992). Statisticians have 
criticised the application of this arbitrary threshold for environmental management, as the 
level of proof required will reduce the likelihood of detecting subtler changes (Mapstone 
1995; Buhl-Mortensen 1996).  
 
A Type II (false negative) error occurs where no significant effect has been detected, when 
in fact one has occurred, resulting in erroneous acceptance of the null hypothesis. The 
issues surrounding Type II error (β) are more complex than Type I error, since Type II error 
is inversely related to statistical power (Addison 2011), which is determined by several 
different factors (discussed further in Section 6.6).  
 
Type I and Type II error are inversely related to one another, so that by increasing α, β is 
reduced. When working with a set amount of resource which restricts maximum sample size, 
setting the level for α will determine β, therefore using a more lenient level of significance will 
result in increased power (and vice versa). 
 
An example of the potential outcomes of Type I and II errors is presented in Box 3. 
 


 
 


6.6 Conducting power analysis 
 
Power analysis is a means of optimising the precision of a sample, giving the researcher the 
ability to select a sample size to detect an effect of a given magnitude, whilst controlling the 
degree of Type I and II error considered acceptable.  
 
An increase in sample size (and concurrently cost) reduces variance in the sample, thereby 
increasing its precision and power. Although an increased sample size will always result in 
increased precision, the relationship between power and sample size is curvilinear, being 
analogous to a species-area curve (Figure 6). As the sample size increases, there are 
diminishing returns beyond a certain point on the power continuum. Power analysis allows 
researchers to determine where this point occurs, and simultaneously maximise statistical 
robustness and cost-effectiveness. 
 
In addition to being conducted prior to sampling (a priori), power analysis can also be 
applied after a study has been completed (post-hoc) to reveal whether the sample was 


Box 3. 
 


H1  :  Density of sponges will increase within an area closed to trawling for 6 years 
H0  :  Density of sponges will remain the same within an area closed to trawling for 6 
years 
 
If a Type I error occurs (H0 is erroneously rejected), the researcher would incorrectly 
conclude that sponge density had increased when in fact it had not. This could result in 
an overprotective management approach. 
 
If a Type II error occurs (H0 is erroneously accepted), the researcher would incorrectly 
conclude that sponge density had remained the same, when in fact it had increased. This 
could result in an underprotective management approach. 
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sufficiently large for the desired level of power, thus informing future sampling designs and 
the degree of confidence with which inference can be made.   
 
The statistical power (1-β) of a test can be described by the equation below (Di Stefano 
2003): 


Power ∝  (ES x α x √N)/  
 


where α is the Type I error rate, ES is the effect size, N is the sample size and  is the 


population standard deviation (Green 1989; Fairweather 1991; Osenberg et al 1994; 
Mapstone 1995).  
 
These four elements are highly related, such that each is a function of the other three (see 
Table 5), and they can all be manipulated to varying degrees. 
 
Table 5. The four elements of statistical power. 


Element Set according to… Power is increased where… 
(Underwood, 2013) 


Significance 
(α) 


Socio-economic and environmental 
consequences of a Type I error. 


α is less strict (the probability 
of Type I error is increased). 


Variance () Estimated variance, using previous 
data for the same sampling area, or a 
proxy area of similar habitat. 


Variance in data is small 
(resulting in high precision / 
low standard deviation). 


Effect size 
(ES) 


The magnitude of change to be 
detected in the selected indicator/s. 


The size of the effect to be 
detected is large. 


Sample size 
(N) 


The resources available and the 
required level of power (1-β) and 
significance (α). N is fixed in post hoc 
analysis. 


The sample size is large. 


 
The following sections (Sections 6.6.1 to 6.6.4) discuss the process of defining the elements 
required to conduct power analysis.  
 


6.6.1 Defining ratios and levels of power and significance  
 
The need to balance conservation objectives with socio-political considerations will influence 
the relative importance of committing Type I and II errors in the context of each monitoring 
programme (Di Stefano 2001). This is particularly relevant within a system of adaptive 
management where stakeholder access to specific areas is reviewed on a periodic basis (for 
example, closures within an MPA). From a conservation perspective, the failure to detect an 
impact (Type II error; false negative) is more serious than incorrectly concluding an effect 
has occurred (Type I error; false positive) (Peterman 1990; Taylor & Gerodette 1993; Di 
Stefano 2003). This concept aligns with the precautionary principle of environmental 
management, which advocates measures to reduce the probability of Type II errors by 
adopting a less conservative approach to hypothesis testing, thus improving ability to detect 
more subtle changes in the marine environment (Gray 1990, 1996; Peterman & M’Gonigle 
1992; Underwood 1997a).  
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Despite the more serious environmental implications of Type II errors, the level of ‘adequate’ 
statistical power (1-β; describes the ability of a test to detect an effect if the effect actually 
exists) is commonly defined as 0.80, whilst statistical significance (α; the probability of not 
detecting an effect when in fact it exists) is conventionally set at 0.05. Adherence to this ‘five-
eighty convention’ (Di Stefano 2003) results in a ratio of α to 1-β which equates to a 
5% to 20% ratio of error probability, meaning that you are four times less likely to detect an 
effect when it exists (Type II error) than to falsely detect an effect when it does not exist 
(Type I error). This ratio may be appropriate in some situations (e.g. where the burden of 
proof is high), however it is less sensitive to more subtle changes in habitat condition and 
should not automatically be applied when monitoring for conservation purposes (Buhl-
Mortensen 1996; Di Stefano 2003). The ratio of α and 1-β should be defined on a case-by-
case basis according to perceived costs of committing Type I and Type II errors to both 
stakeholders and the environment, taking into account the trade-off between the resources 
required and the need to provide robust evidence. 
 
Once an acceptable ratio of α and 1-β has been determined, minimum levels should also be 
defined and adhered to, as monitoring an indicator with low power is potentially a waste of 
limited resources.  
 


6.6.2 UKBMBP approach to defining ratios and levels of power and 
significance  


 
As part of the UK Marine Biodiversity Monitoring Programme (UKMBMP) JNCC has 
developed an approach to defining appropriate ratios and levels of α and 1-β for sentinel, 
operational and investigative monitoring, according to the relative risks and costs to the 
environment and stakeholders of committing Type I and Type II errors.  
 
Ideally levels of α and 1-β will be as low and as high, respectively, as possible, and the ratio 
balanced (e.g. α = 0.05 / 1-β = 0.95), so that the risks of committing Type I and Type II errors 
are equal. This can, however, result in an unfeasibly large sample size, and ratios and levels 
may need adjustment if the budget and/or length of sampling period are not sufficient. The 
UKMBMP approach advocates defining minimum ratios and levels of α and 1-β on a case-
by-case basis, within the framework presented in Table 6. This framework provides guideline 
recommendations for minimum and optimum levels and ratios of α and 1-β, giving the user 
the flexibility to select levels and ratios which will produce a robust dataset for the specific 
survey area and monitoring objectives.  
 
It should be noted that the minimum values presented in the framework will not be 
universally sufficient, and the optimal values will not always be achievable. The requirements 
for each monitoring event should be assessed on a case-by-case basis to determine the 
minimum acceptable values prior to power analysis. If these values are not achievable the 
user should consider other methods of increasing power, for example; increasing the 
detectable effect size (if this is ecologically valid), considering a different indicator if multiple 
indicators are available, or diverting resources from lower priority monitoring objectives.  
 
When deciding on the minimum ratios and levels of power and significance, the associated 
costs and risks to the environment and stakeholders should be well understood and 
acknowledged. These are discussed below with respect to the three monitoring types. 
 
Sentinel monitoring 
 
The primary function of sentinel monitoring is to detect change before irreversible damage 
occurs. If a Type I error were committed it would result in the failure to detect an actual 
decline in habitat condition, and continued damage to benthic habitats by unmanaged 
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activities could occur. It can therefore be argued that the costs to the environment of 
reaching an erroneous conclusion would be greater when efforts are made to minimise the 
likelihood of committing a Type I error (e.g. setting a low significance threshold) because this 
automatically reduces power. Conversely, committing a Type II error could result in detecting 
a decline in habitat condition when it had not actually occurred, thus unnecessarily triggering 
costly operational or investigative monitoring activities. 
 
Given the ‘early warning’ function provided by sentinel monitoring it is recommended that the 
ratio of α to 1-β is not skewed towards minimising either the risk of Type I or II errors, and 
that they should be consistently set as equal, with a balanced ratio. 
 
Levels of α and 1-β should be set as low and high, respectively, as possible, taking into 
account logistical and financial constraints and the desired level of change to be detected. It 
is critical that the initial monitoring event provides a robust first dataset which will improve 
understanding of local variance, against which changes can be identified. It is recommended 
that the levels of α and 1-β should be set to a minimum of 0.20 and 0.80, however, where 
resources allow, the robustness of the initial dataset should be maximised by the application 
of more stringent levels (e.g. 0.05 and 0.95). If post-hoc power analyses and species 
accumulation curves suggest that the initial sampling effort exceeded the amount required to 
characterise the variance, the levels could then be relaxed for subsequent events.  
 
Operational monitoring 
 
Operational monitoring studies are conducted to improve understanding of the relationships 
between intensity of human pressures and habitat condition. The results of these studies will 
provide a basis for assessing observed changes in habitat state, inform the development of 
targets for acceptable pressure levels, and provide evidence for the development of 
indicators. 
 
Using the example of demersal fishing abrasion, committing a Type I error could result in 
falsely concluding that there are differences caused by abrasion between one or more 
pressure levels, or between reference areas and areas subject to abrasion, when in fact 
there are none. This could lead to the introduction of inappropriate management measures 
or the setting of unnecessarily low levels of acceptable pressure, potentially resulting in 
higher economic costs for the fishing industry. On the other hand, if falsely concluding that 
there are no pressure-related differences in indicator values (i.e. committing a Type II error), 
this could result in setting the levels of acceptable abrasion pressure too high or 
implementing insufficient management measures, leading to a high risk of adverse changes 
to the environment. Similarly, if these false conclusions were used to develop pressure-
based indicators, habitats may be assessed to be in a better state than they actually are. It is 
therefore recommended that the risk of committing a Type I error is kept low (by setting α 
low) to retain sufficient confidence in conclusions on the direction and shape of the pressure-
state relationship.  
 
As the risks associated with committing both Type I and Type II errors are high for both 
biodiversity and stakeholders, the ratio of α to 1-β should be equal where possible. It is 
recommended that α is set at 0.05 or less due to the requirement for robust scientific 
evidence for or against a relationship between a pressure and habitat condition. The 
probability of committing a Type II error should, where feasible, also be set at 0.05 or less 
(equating to 1-β ≥0.95) to reduce the risk of underestimating or failing to detect a pressure-
related difference in habitat condition along pressure gradients. If a balanced ratio of α and 
1-β is not achievable due to resource limitations, and effect size cannot be altered, the ratios 
of α and 1-β can be adjusted to maintain a minimum α of 0.05. As a minimum, 1-β should be 
set at 0.80 (α to1-β = 1 to 4), to preserve confidence in the conclusions of the study. 
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Investigative monitoring 
 
Since the aim of investigative monitoring is to test the effects of management measures, or 
to test a hypothesis in the form of an experiment, a close link is expected between the 
results of the statistical analyses from such an experiment and action taken in terms of 
management. Again, using the example of demersal fisheries abrasion, falsely concluding 
that a closure had improved habitat condition (a Type I error) could result in an unnecessary 
continuation of the closure despite no negative effects of fishing, causing economic burden 
for the fishing industry and potential damage to the credibility of the monitoring programme. 
On the other hand, if concluding that the closure had not improved habitat condition when in 
fact it had (a Type II error) resulted in removing the closure or not taking management action 
in other areas, the risk to the environment would be high and resulting damage could be 
irreversible.  
 
As with operational monitoring, the risks of committing both Type I and II errors are 
potentially high for biodiversity and stakeholders, therefore the ratio of α to 1-β should be 
equal wherever possible. However, α should always be set to 0.05 or less, due to the close 
link of results to management measures and requirement for strong evidence (i.e. rigorous 
hypothesis testing). Where resources allow, 1-β should be set at ≥0.95 to maintain the 
balance of α and 1-β. If the ratio must be adjusted to maintain a low likelihood of Type I 
errors in the context of available resources, it is recommended that the minimum 1-β is set at 
0.80 (α to 1-β ratio of 1 to 4). Ratios and levels of α and 1-β from the initial monitoring event 
should be retained for subsequent events to ensure comparable levels of precision and 
power. 
 
Table 6. UKMBMP proposed optimum and minimum ratios and levels of statistical significance (α) 
and statistical power (1-β) for sentinel, operational and investigative monitoring. 


Monitoring 
type 


Level / 
ratio 


Optimum Minimum 


α 1-β α 1-β 


Sentinel 
monitoring 
(Type 1) 


Level ≤0.05 ≥0.95 0.20 0.80 


Ratio 1 1 1 1 


Operational 
monitoring 
(Type 2) 


Level ≤0.05 ≥0.95  0.05  0.80 


Ratio 1 1 1 4 


Investigative 
monitoring 
(Type 3) 


Level ≤0.05 ≥0.95  0.05  0.80 


Ratio 1 1 1 4 
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6.6.3 Estimating variance 
 
In power analysis variance is estimated using previous data from the area of interest, or if 
this is not available, using proxy data acquired from a similar habitat (preferably from the 
same geographical region). Ideally the parameter from which variance is estimated should 
be a fully validated indicator or series of indicators, however where indicators are not yet 
fully developed it may be appropriate to use a broad proxy indicator (e.g. a univariate 
metric). If the responsiveness of the proxy indicator is unclear, a precautionary approach 
could involve testing several univariate parameters (e.g. total abundance, richness, 
diversity), and selecting the parameter with the greatest level of variability, thus requiring the 
highest number of stations (i.e. that which is most variable in space and time).  
 
The accuracy of a power analysis result is wholly dependent on whether the data used 
accurately reflect the true variance of the habitats being monitored. With this in mind it is 
important that data are assessed for suitability prior to analysis; for instance, is the number 
of stations sufficient to describe variance in the indicator/s of interest, is the spatial coverage 
sufficient in comparison to the area of interest, and are the levels of pressure similar? To 
help evaluate the degree to which existing data have described benthic communities, it may 
be useful to generate species accumulation curves for infaunal data. 
 


6.6.4 Selecting an effect size 
 
The effect size is the magnitude of change to be detected in the selected indicator/s, and 
can be extremely difficult to define. The selected effect size should ideally be based on a 
good ecological understanding of the habitat and associated communities of interest, and 
should involve judgements about the level of change that is likely to occur, and that is 
considered unacceptable (Mapstone 1995). In reality, many benthic systems and pressure-
state relationships are poorly understood and alternative methods may be necessary. 
Munkittrick et al (2009) reviewed alternative methods for determining effect sizes, and 
recommended that where understanding is poor effect sizes should be selected through 
discussion with stakeholders, or by adopting effect sizes from comparable studies that used 
similar parameters.  
 
The detectable effect size may also be constrained by resources, and can be altered (within 
pre-defined acceptable limits). For example, if an original desired effect size of 20% results 
in an unfeasibly large sample, it may be necessary to reduce the detectable effect size to 
30% to maintain the required ratio and levels of power and significance. 
 


6.6.5 Conducting a priori power analysis 
 
A priori power analysis can be conducted once data have been selected from which to 
estimate variance, and power, significance, and the effect size has been defined (as 
illustrated in Figure 4).  
 
Power analyses are available in many standard platforms and packages, for example R 
(emon package; Barry & Maxwell 2017), SPSS, Minitab, and specialist software 
programmes (e.g. GPower, PASS), all of which support a range of analytical designs. The 
analysis will output the required sample size for a specified effect size, and ratio and level of 
power and significance. If this sample size is unachievable given the available resources, the 
researcher must reconsider the ratio and levels of power, significance, and/or effect size. It 
is, however, imperative that minimum values for all three of these elements are specified and 
upheld to ensure that data are sufficient to achieve environmental and socio-political 
objectives.  
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Figure 4. Flowchart illustrating the a priori application of power analysis. 
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Where the monitored habitats display distinct variation (e.g. different habitat types or 
bathymetrically distinct areas), the sampling effort can be partitioned into separate ‘strata’ 
(discussed in Section 9.1.2). To increase precision, the number of sampling points can be 
determined via power analyses performed for each stratum, however this approach could 
potentially result in an unaffordable sample size. Alternatively (but requiring more 
computation), the power analysis could be based on the stratified mean of the area from 
which the strata were taken (i.e. the sum of the stratum means weighted by the number of 
sample units within each stratum). This would allow selection of sample sizes for individual 
strata proportional to their variance and the area of the stratum (Cochran 1977).  
 
Before conducting power analysis, it is important to understand the distribution of the 
underlying data, to enable the appropriate distribution to be fitted (e.g. Poisson, Negative 
Binomial, Gaussian, Lognormal). The most straightforward way of determining the correct 
distribution is to plot a density estimate of the actual data (essentially a smoothed histogram) 
against a selection of fitted distributions. The resulting plot will allow comparison of the 
actual and fitted distributions to select which one is most similar (see Figure 5, created in R). 
An applied example of a priori power analysis is presented below. 
 
Example: a priori power analysis  
 
The following example details a priori power analysis conducted prior to sampling at an 
offshore MPA. The purpose of the monitoring was to provide the ‘before’ dataset in a BACI 
study (see Section 9.4) to determine the effectiveness of management measures 
(investigative monitoring), where specific zones of the MPA were to be closed to demersal 
fishing. 
 
Previously acquired macrofaunal taxon richness data were available from >200 sampling 
stations within the MPA, and were stratified into coarse sediment, mixed sediment and sand 
strata. A density estimate curve was generated for each stratum, and plotted against fitted 
Poisson, Negative Binomial and Gaussian distributions. The appropriate distribution for the 
power analysis was then selected (e.g. in Figure 5, the distribution best fitted to the data is 
the Negative Binomial).  
 
 


 
 
Figure 5. Plotting fitted distributions against a density estimate for actual data within a coarse 
sediment habitat stratum.  
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A one-tailed test (power.BACI in R emon package (Barry & Maxwell 2017)) with a Negative 
Binomial distribution was used to derive power values for 10% incremental increases in 
effect size, using the following directional hypotheses: 
 
H1 :  Mean taxon richness will increase by (10% increment) in an area closed to demersal 


fishing in comparison to an area which remains open (assuming identical 
environmental characteristics). 


 
H0 :  Mean taxon richness will not change in an area closed to demersal fishing in 


comparison to an area which remains open (assuming identical environmental 
characteristics). 


 
The power curves displayed in Figure 6 were generated to determine the sampling effort 
required to detect incremental increases in taxon richness (10% - 50%) derived from grab 
samples of course sediment. Taxon richness was used as a proxy metric, in place of a fully 
developed indicator, and the expected effect size was unknown, therefore it was determined 
that a precautionary approach would be to use a low effect size of ≤30%. An adaptive 
management approach had been specified for the MPA, and the result of the study was 
likely result in actions which could have consequences for stakeholders. Therefore, the 
significance level (α) was set to 0.05 (5% probability of a Type I error), with the desired 
power level set at 0.90 to increase the robustness of the design (10% probability of 
committing a Type II error). 
 
The point at which the curves intersect the horizontal dotted line (1-β = 0.90) indicate the 
sample size (N) required to achieve 90% power at 0.05 significance. In this case, the sample 
size required to detect an effect size of 10% was unfeasibly large, however a sample size of 
44 was required to detect a 20% increase in taxon richness, which was achievable within the 
monitoring budget. 


 


 
Figure 6. Power curves generated to determine the sampling effort required to detect 10% 
incremental increases in taxon richness in grab samples of coarse sediment, with significance (α) set 
at 0.05 and power set at 0.90. 
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6.6.6 Conducting post hoc power analysis 
 
Power analyses conducted retrospectively (post hoc) allow the researcher to determine 
whether the number of samples taken has generated the desired level of power, given the 
inherent uncertainty in a priori estimation of effect sizes. Post hoc analysis will increase 
confidence in acceptance or rejection of the null hypothesis (i.e. is a non-significant effect 
really non-significant?), and will also provide information on whether the sample size should 
be increased or reduced for subsequent monitoring events. 
 
Post hoc power analyses are similar to those conducted a priori, using the fixed sample size 
acquired, the variance of the sample, and the specified α to calculate post hoc power values 
for various different effect sizes. These values are used to determine whether the sample 
size acquired has sufficient power to detect the required effect size. If the level of power is 
not sufficient, effect size and/or α may be altered within the limits set prior to analysis to 
improve power, or the user must proceed acknowledging the limited power of the design and 
caveating the results of statistical analysis. 
 
A flow process for a priori power analysis is displayed in Figure 7.  
 


6.7 Conducting precision analysis 
 
The precision of a sample can be calculated using the sample mean and confidence 
intervals using the precision function in the R emon package (Barry & Maxwell 2017), if the 
data distribution is approximately normal (J. Barry, Cefas, pers. comm. 2017). This analysis 
will supplement the results of power analyses and determine whether the desired level of 
precision (which will vary dependent on the variable being measured) is likely to be achieved 
given the number of samples calculated for a given power and significance.  
 
If the available resources do not allow attainment of the high precision in addition to the 
required level of power, the level of precision achieved should be noted and the results of 
analysis caveated with this information (J. Barry, Cefas, pers. comm. 2017). 
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Figure 7. Flowchart illustrating the post hoc application of power analysis.







Monitoring guidance for marine benthic habitats 


 


43 


6.8 Summary of key points and recommendations 
 


 


  


Section 6: Considering inference, power and significance 


Key Points: 


• Statistical inference (e.g. hypothesis testing) is central to evaluating whether 
change has occurred, or whether a relationship exists. 


• In hypothesis testing, a Type I error occurs when a significant effect is detected, 
where in reality none has occurred. A Type II error occurs where no significant 
effect has been detected, when in fact one has occurred. 


• Statistical power (1-β) is the probability that a test correctly rejects the null 
hypothesis when it is false, and is a product of the statistical significance level 
(α), the magnitude of the effect size (ES), sample size (N) and parameter 


variability ().  


• The commonly used α to β ratio of 5% to 20% error probability results in a test 
which is skewed towards reduction of Type I errors. This ratio may result in the 
failure to detect change when it exists. 


• Power analysis can be used to determine how large the sample (N) must be to 
detect change against a background of natural variation. 


Recommendations: 


• Non-directional hypotheses should be used for sentinel monitoring where the 
direction of change is unknown, or for operational or investigative monitoring if 
confidence in the direction of the effect is low. Directional hypotheses should be 
used for operational and investigative monitoring where confidence in the 
direction of the effect is high. 


• Levels of significance and power should be selected according to the relative 
costs to biodiversity and stakeholders of committing Type I and Type II errors. 


• JNCC have developed a flexible framework which can be used to help define 
appropriate ratios and levels of power and significance (Table 5). 


• Power analysis should be conducted a priori (for each stratum) to determine how 
large the sample (N) must be to detect change of a given magnitude at a given 
level of significance. Post hoc power analysis should be conducted 
retrospectively to determine whether the sample was sufficiently large. 


• Precision analysis should be conducted to supplement the results of power 
analysis. 


• Environmental parameters which are thought to strongly influence variation in 
the distribution of indicators or add noise to the data should be measured. 
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7 Selecting sampling units  
 
After generating a statistically robust sample size (N) through power analysis, it is important 
to ensure that the sampling units provide accurate observations of the indicator/s in 
question. A number of factors which can determine the effectiveness of sampling units must 
be considered as part of the design process, the most influential of which are the size and 
type of the sampling unit (see Eleftheriou 2013), and the amount of replication required 
within each sampling unit.  
 


7.1 Sampling unit size  
 
The distribution of benthic taxa varies at a range of spatial scales in response to natural and 
anthropogenic factors. Furthermore, flora and fauna are likely to be found in patchy 
aggregations as opposed to an even distribution (Underwood & Chapman 2013). Selecting 
the correct size and type of sampling unit is therefore extremely important for effective 
sampling, and identification of distribution patterns.  
 
The issues that might arise from using a sampling unit which is too large are demonstrated 
in Figure 8, using the example of a single polychaete species. It is clear that with too large a 
sampling unit, the population would be described as evenly distributed with a low variance 
(Figure 9B). This is obviously not representative of the target population, and using a smaller 
sampling unit allows the patchy distribution to be observed with a larger variance, because 
of the greater potential to sample the areas between clusters.  
 
 A B C 


 
 


 


 
Figure 8. The effect of different sized sampling units on representation of a clustered faunal 
distribution (adapted from Underwood & Chapman 2013). 


 
In another example (Figure 9), the indicator is the density of sea pens, which are sparsely 
distributed. In this case it is likely that a large sampling unit would be required to accurately 
detect the true sea pen distribution. In this case video transects would be more appropriate 
as sampling units to describe the distribution, as opposed to grab sampling at discrete 
points. It will generally be appropriate to split long video transects into smaller segments to 
record variation along the transect. The segment interval will vary on a case-by-case basis, 
but should be ecologically meaningful and related to the expected distribution of the habitat 
or organism(s).  
 


c 


Benthic taxa often aggregate 
into clusters on the seabed 
 


Sampling with larger units 
can suggest a regular 
distribution of individuals 


Smaller units may represent 
a patchy distribution more 
accurately  
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Figure 9. Comparative estimates of sea pen distribution using a camera transect (A), and grab 
samples (B). 


 
Ideally, the precision and accuracy of different sampling units should be investigated in a 
pilot study assessing retention of the species or community of interest, generating species 
accumulation curves and considering spatial autocorrelation (e.g. between grab samples or 
segments of a video transect, see Section 8.1). If resources do not allow this, the life history 
and ecology of the species, or a similar proxy species should be researched to inform 
decisions on the type of sampling unit used (Sutherland 1996; Underwood & Chapman 
2013). 
 


7.2 Replication within sampling units 
 
Replication within sampling units (e.g. a grab station) is commonly practised to reduce the 
effects of random variation, and to improve understanding of small-scale variation, 
particularly in systems where assemblages are likely to display a patchy or heterogeneous 
distribution (Hurlbert 1984). Replication also increases the likelihood that rare or sparsely 
distributed taxa will be captured within the sample. The replicates can be analysed to 
evaluate within-station variance, then aggregated and averaged for comparison with other 
sampling units across the survey area.  
 
MESH Recommended Operational Guidelines (ROGs) for grab sampling state that each a 
minimum of three successful replicate grab samples should be taken at each station (Guerra 
& Frietas 2012). However, the optimum amount of replication at a single station is likely to 
vary depending on the habitats and indicators in question. For instance, high energy 
sediments are intrinsically more variable than those found in more depositional 
environments, and the amount of within-station replication needed may be higher.  
 
Inevitably the need to understand small-scale variability through within-station replication 
must be balanced with the requirement to collect data at a wide range of separate stations.  
In advice to JNCC, Holtrop and Brewer (2013) recommended that when resources are 
limited collecting samples from a wider range of sampling locations should be prioritised over 
within-station replicates, however this approach is likely to lead to a reduced understanding 
of localised variation.  
 
Decisions on whether or not to replicate within stations, and the amount of replication, 
needed should be taken on a case-by-case basis depending on the monitoring objectives. It 
is recommended that within-station replication is conducted where possible, however this 
may not be achievable if resources are limited.  
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7.3 Summary of key points and recommendations 
 


 
  


Section 7: Selecting sampling units 


Key Points: 


• It is important to ensure that the sampling units provide accurate observations of 
the indicator/s in question.  


• The size and type of the sampling unit determine the effectiveness of the unit for 
drawing inference about a population. 


• Replication within sampling units reduces the effects of environmental ‘noise’ or 
random variation and provides a more accurate and precise estimate, particularly 
where biota are likely to display a patchy distribution. 


Recommendations: 


• The size and type of the sampling unit should be tailored to the size and expected 
distribution of the indicator; a unit which is too large or too small may result in the 
inability to detect spatial patterns. 


• If possible, the precision and accuracy of different sampling units should be 
investigated in a pilot study. 


• Replication within sampling units should be conducted where resources allow 
(e.g. three grab samples to provide a mean value per sampling station). 
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8 Considering dependency issues 
 
A key assumption of many statistical analyses is independence of observations. For two 
observations (i.e. the data acquired from two sampling units) to be considered independent, 
the occurrence of one must not affect the probability of the other occurring. Achieving 
independence of observations may prove difficult in the marine environment, where abiotic 
and biotic parameters vary and interact over space and time, and processes may be 
stochastic. The implications of non-independent units are potentially less serious for some 
multivariate analyses in comparison to univariate tests (Clarke 1993), however it is important 
that dependence within or between sampling units is minimised wherever possible 
(Underwood & Chapman 2013).  
 
Biological and environmental interactions result in correlations within response variables in 
space and/or time; spatial autocorrelation and serial correlation. These forms of correlation 
are discussed in the following sections. 
 


8.1 Spatial autocorrelation 
 
Spatial autocorrelation refers to the pattern in which observations from nearby locations are 
likely to have values more similar than would be expected due to chance alone 
(Fortin et al 2002), and can be positive or negative. Negative autocorrelations may occur 
when individuals engage in resource competition, territoriality or avoidance behaviour 
(Legendre & Fortin 1989), creating a ‘checkerboard’ distribution, as described by Diamond 
(1975). Positive autocorrelation occurs when taxa are distributed in clumps or patches, or 
form aggregations. For example, Sabellaria spinulosa reefs are colonised by gregarious 
settlement, with existing aggregations of S. spinulosa encouraging settlement of larvae 
(Wilson 1970), therefore two sampling units taken in close proximity are likely to be highly 
spatially autocorrelated.   
 
Traditional random selection of sampling locations can result in samples being taken in close 
proximity to each other. This problem can be avoided by taking a ‘pseudo-randomisation’ 
approach to sampling, in which sampling locations are selected at random, but a minimum 
distance (a buffer) is maintained between them. Spatial analysis can be used to calculate an 
appropriate buffer around sampling locations, using existing data (from the site in question, 
or the nearest possible analogue). These calculations assess the similarity of a metric (e.g. 
taxon richness) at pairs of sampling points, as a function of the distance between them 
(Wilding et al 2015), and provides the minimum distance between sample locations required 
to ensure independence.  
 
Commonly used methods of identifying spatial autocorrelation for sampling designs include;  
 


• Production of semivariograms; these plot semivariance (half the variance in the 
differences between the values of a variable at two locations) against sampling 
distance. The point at which the semivariance levels out, the sill, indicates the 
distance within which sampling points are spatially autocorrelated, taking into 
account residual random variation which includes measurement error (nugget 
variance) that is not spatially correlated (Bourgeron et al 2001). A theoretical 
example of a semivariogram is presented in Figure 10. The reliability of the 
semivariance estimate increases with sample size for any given pair-wise distance, 
and is dependent on the spatial distribution of the samples. Crawley (2013) 
recommends at least 30 data points within each sampling stratum to determine 
semivariance. Semivariograms can be plotted in the R environmental monitoring 
package ‘emon’ (Barry & Maxwell 2017), using the ‘svariog’ function.  
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• Moran’s I or Geary’s C coefficients; these coefficients provide a measure of spatial 
autocorrelation for a single variable. Moran’s I computes the degree of correlation 
between the values of a variable as a function of distance, whilst Geary’s C 
measures the difference among values of a variable at nearby locations (Fortin et al 
2002). 
 


• Mantel test; this test provides a linear estimate of the relationship between two 
distance matrices based on data sets (i.e. environmental variables and biological 
metrics) obtained at the same sampling locations (Bourgeron et al 2001). 


 
 


 
Figure 10. Example of a semivariogram. The sill (point beyond which samples are spatially 
independent) is reached at 100m distance. Nugget variation may be attributed to measurement error, 
or variation at scales smaller than the sampling distance. 


 


8.2 Serial correlation 
 
Serial correlation (or temporal autocorrelation), is the correlation of a variable with itself 
across different points in a time series. Serial correlation violates the assumption of 
independence between observations, the result of which can be erroneous rejection of the 
null hypothesis due to artificially exaggerated ‘goodness of fit’ within regression models, or 
identification of a trend which does not exist. This error can be common in time-series and 
monitoring data, particularly when sampling periods are close together, sampling points are 
fixed, and when indicator organisms are sessile, slow-growing or long-lived.  
 
Serial correlation is less likely to be a significant issue for offshore monitoring, as the 
frequency of data points in the time-series is generally limited by logistical and financial 
constraints. It is likely that serial correlation will arise more frequently in nearshore or 
intertidal monitoring, particularly when permanent plots or transects are used. Monitoring 
surveys should be planned to minimise the strength of serial correlations where possible, by 
establishing a sufficient interval between sampling events based on prior knowledge of the 
indicator (Underwood & Chapman 2013). For example, organisms which are slow-growing 
and long-lived will require a longer interval than those which are short-lived and have a high 
population turnover (unless the monitoring is specifically focused on determining recovery 
rates).  
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Re-randomisation of sampling locations will reduce temporal autocorrelation, however, this 
will result in the loss of information about specific features (e.g. recovery of a particular coral 
mound). If the objective of the monitoring is to infer the overall condition of a habitat, then 
within-site sampling locations should not remain fixed. Rather, they should be re-randomised 
for each sampling event to further minimise the potential for serial correlation (Jon Barry, 
Cefas, pers. comm. 2015). If the aim of the monitoring is to make inference about discrete 
areas, such as measuring growth-rates or cover at specific locations, then sampling 
locations should remain fixed, and a repeated measures analysis should be used to model 
the serial correlation. 
 
Replacement, or double-counting, of individuals can also confound the assumption of 
independence, particularly where species are highly mobile. The likelihood of double-
counting is negligible for extractive survey activities, as all organisms are typically retained 
from grab samples or trawls. The majority of epifaunal organisms are unlikely to be double-
counted in the sample during camera operations, however video analysts should be aware 
of this possibility for highly-motile fauna such as fish.  
 


8.3 Pseudoreplication 
 
Sampling units that are highly spatially or temporally correlated can be described as 
‘pseudoreplicated’ if they are treated as if they were independent in analysis. Hurlbert (1984) 
brought attention to the issue of pseudoreplication in experimental designs as ‘…probably 
the single most common fault in the design and analysis of ecological field experiments’.  
 
Hurlbert specifically addressed the issue of pseudoreplication in experimental designs, such 
as might be employed for operational or investigative monitoring activities (discussed further 
in Sections 9.3 and 9.4), stating that ‘…pseudoreplication most commonly results from use 
of inferential statistics to test for treatment effects with data from experiments where either 
treatments are not replicated (though samples may be) or replicates are not statistically 
independent’. Pseudoreplication thus refers not to a problem with experimental design per 
se but to a combination of experimental design and statistical analysis that is inappropriate 
for testing the hypotheses of interest. The most common examples of pseudoreplication are 
wrongly treating multiple samples from one ‘experimental unit’ (e.g. a ‘control’ or a ‘impact’ 
site in a BACI study, or an individual VMS abrasion cell in an operational monitoring study) 
as multiple experimental units, and using experimental units that are not statistically 
independent (Heffner 1996).  
 
To avoid spatial pseudoreplication it is important to intersperse experimental units. A 
basic example of interspersion is displayed in Figure 11; in this example an operational 
monitoring study is conducted to investigative infaunal response to abrasion pressure, 
using experimental units assigned to a ‘low’, ‘moderate’ and ‘high’ pressure categories, 
located in an area with a homogeneous substrate. Within Box A, all experimental units 
from each pressure category are grouped in similar geographical areas, and the 
geographical distance between experimental units within the same category is smaller 
than between different categories. This design is likely to be affected by 
pseudoreplication, as the assumption of spatial independence has been violated. Box B 
shows the same study designed to account for spatial autocorrelation, with low, moderate 
and high category experimental units interspersed. The results of statistical analyses 
conducted on data resulting from this study are likely to be more reliable than those from 
the previous design. 
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A                                                            B 


  


Figure 11. A) Grouping of experimental units (Low, Medium, High) in the same areas may lead to 
spatial autocorrelation, B) Interspersion of experimental units controls for avoidance of similarities 
caused by spatial autocorrelation. 


 
The concept of spatial pseudoreplication can also be applied to replicates within sampling 
units; if multiple replicates have been acquired from a single sampling point (as discussed 
in Section 7.2) they should not be treated as separate sampling units. To avoid 
dependency issues replicates should be pooled and a mean value calculated to provide a 
single value for each sampling unit. The same aggregation technique can be applied 
where several closely spaced sampling units are spatially autocorrelated. 
 
Temporal pseudoreplication occurs when differences in sampling timing between 
experimental units mean that the design is confounded, or when repeated measures data 
are analysed inappropriately (Davies & Gray 2015). For example, in a BACI study, if ‘control’ 
and ‘impact’ data were acquired a month apart, where the ‘before’ and ‘after’ monitoring 
events were to be spaced by three years, it is possible that an unrelated environmental 
change or disturbance event could have occurred between collection of ‘control’ and ‘impact’ 
data. This would confound the assumption that environmental conditions within both the 
‘control’ and ‘impact’ areas were the same. Statistical robustness will therefore be 
maximised where efforts are made to collect data from all experimental units during the 
same sampling period. 
 
In practice, it can be extremely difficult to achieve a design which is entirely unaffected by 
pseudoreplication. For example, areas of different pressure intensity can be very spatially 
distinct, and/or associated with specific sediment types and benthic communities. The 
selection of experimental units can also be limited by benthic infrastructure, and it may be 
necessary to develop strategies using low confidence habitat and pressure maps. 
Logistical, operational and budgetary limitations may also prevent acquisition of all data 
within the same sampling period. Where pseudoreplication is unavoidable, it is possible 
to reduce or remove its influence by using the correct statistical models (e.g. mixed-
effects models or generalized linear mixed models; see Millar & Anderson 2004). 
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8.4 Summary of key points and recommendations 
 


 
 
 


  


Section 8: Considering dependency issues 


Key Points: 


• A key assumption of many statistical tests is independence of observations. 
Correlations within response variables in space (spatial autocorrelation) and/or 
time (serial correlation), are common in the marine environment, violating the 
assumption of independence.  


• Spatial autocorrelation refers to the pattern in which observations from nearby 
locations are likely to have a similar value than expected due to chance alone. 
This can result in erroneous inference if not accounted for in analysis. 


• Serial correlation, or temporal autocorrelation, is the correlation of a variable with 
itself across different points in a time-series. This type of dependency is 
particularly common within time-series monitoring data, and can result in the 
detection of a trend which does not exist. 


• Pseudoreplication refers to a particular combination of experimental design (or 
sampling) and statistical analysis which is inappropriate for testing the hypothesis 
of interest. 


• In practice, it may be difficult to attain a design which is entirely free of spatial 
dependency issues.  


Recommendations: 


• Spatial autocorrelation can be reduced by application of a minimum distance, or 
buffer, between sampling locations. This can be achieved using existing data 
from the MPA or a proxy area to produce semi-variograms, in addition to 
calculating Moran’s I or Geary’s C coefficients. 


• Where the monitoring objective is to infer characteristics of a population (as 
opposed to measuring growth-rates or cover at specific locations) the potential for 
serial correlations can be minimised by re-randomising sampling locations. The 
strength of serial correlations should be minimised where possible, by 
establishing a suitable sampling event interval for indicator/s in question (e.g. 
slow-growing biogenic habitats will require a longer monitoring interval than 
dynamic habitats). 


• If autocorrelation cannot be avoided the appropriate analyses, such as a 
generalized linear mixed model, should be used.  


• Where the monitoring objective is to investigate change at fixed locations (or 
repeated observations on the same individuals), a repeated measures analysis 
should be used to account for the inevitable serial correlation. 
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9 Developing a sampling design  
 
To recap the various aspects of monitoring design discussed in the previous sections, at this 
point the following questions should have been addressed; 
 


• What are the monitoring objectives? 


• Which type/s of monitoring will be used? 


• Are new acoustic data and/or a habitat map required? 


• Which existing data are suitable for inclusion in the monitoring time-series or as 
proxy data for power analysis / pilot investigations? 


• Which indicator/s will be investigated? 


• Which time of year is optimal for investigating these indicators? 


• Which hypotheses will be tested, and which tests will be used? 


• Which levels of power (1-β) and significance (α) are required? 


• What effect size (ES) will the monitoring detect? 


• What is the required sample size (N)? 


• Which type and size of sampling unit will be used to sample the population? 


• How should sampling units be arranged to avoid spatial autocorrelation? 


• How long should the interval between sampling events be to avoid serial correlation? 


• Is dependency unavoidable, and if so which statistical techniques can be used to 
account for this? 


 
When these questions have been answered, the next step is development of a sampling 
design. This section provides general information on the advantages and limitations of 
commonly used sampling designs, whilst specific guidance on sentinel, operational & 
investigative monitoring designs is provided in Sections 9.2, 9.3 and 9.4. 
 


9.1 Sampling designs 
 
Sampling designs provide frameworks by which to draw sampling units from the population, 
and are either probabilistic or non-probabilistic. In a probabilistic design each sampling unit 
has the same theoretical probability of being selected, and therefore this type of design is 
generally considered more statistically robust. For example, within a specified sampling 
area, a 0.1m2 grab sampler has the same probability of being placed on any 0.1m2 area of 
seabed. 
 
In a non-probabilistic (or judgement) design, some sampling units have no chance of being 
selected. The design is reliant on the subjective judgement of the researcher and therefore 
inference cannot automatically be made about the wider population (Albert et al 2010). Non-
probabilistic sampling designs are generally considered less rigorous; however, situations 
may arise when they can be advantageous. For example, a researcher studying cockle 
density and size might decide to sample only where they had previously encountered 
cockles due to limited time or resources. In this situation the researcher can answer 
questions about cockle populations in specific areas, but should not assume that they are 
characteristic of wider populations.  
 
The advantages and disadvantages of the most commonly used probabilistic sampling 
designs; simple random sampling, stratified random sampling and systematic sampling, are 
discussed in Sections 9.1.1 to 9.1.3, and are represented diagrammatically in Figure 12. 
Non-probabilistic (judgement) designs are discussed in Section 9.1.4. 
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Figure 12. Examples of the three most common probabilistic sampling designs 


 


9.1.1 Simple random sampling 
 
Simple random sampling is the most basic form of probabilistic sampling, and is considered 
the most effective method for sampling populations where the substrate and environmental 
conditions are known to be reasonably homogeneous. The method results in an unbiased 
and non-subjective sample with no input from the researcher, however the resulting data 
may not be entirely representative of the population within the sampling area. This issue is 
particularly relevant when substrates are heterogeneous, or environmental conditions and 
pressures vary across the site. Under these conditions a random sample may not 
adequately sample the variance within the survey area, particularly when the site is large, 
and numbers of samples taken are relatively small. Another issue with this type of sampling 
is the potential for spatial autocorrelation between sampling units; in theory sampling units 
could be drawn adjacent to each other or in close proximity, violating the assumption of 
independence. To avoid spatial dependence a minimum distance, or buffer, can be applied 
between randomly selected sampling points, as previously described in Section 8.1. This 
approach will, however, not provide a truly random sample and the researcher will need to 
weigh the importance of this against the more complicated modelling required if sampling 
units are spatially autocorrelated.  
 
The most straightforward method of producing a random sampling strategy is to generate 
random sampling points in a GIS package, within the boundary of a specified feature or 
layer. The same method may be used to generate pairs of coordinates which may be linked 
to create transects or trawl paths, although this may result in unfeasibly lengthy lines if the 
area in question is large. 
 


9.1.2 Stratified random sampling 
 
In comparison to the simple random sampling design, stratified random sampling can 
considerably increase accuracy and precision by ensuring that all the main habitat types, or 
otherwise-defined areas of different environmental character, are adequately represented in 
the sampling strategy (Brown 2000; Davies et al 2001). This approach is a deviation from 
simple random sampling, whereby the population is initially divided into distinct strata, so 
that sampling units within each stratum are more similar to one another than to those 
between strata. The aim of a stratified random design is to achieve a higher level of 
precision than that expected from a simple random design. A further advantage of this 
strategy is increased flexibility, particularly the potential for analysing data from each stratum 
separately, or aggregating them to a higher level.  
 
Strata are likely to be defined with reference to seabed maps, including but not limited to 
substrate, topography and habitat maps. Seabed maps, particularly habitat maps, are often 
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created through extrapolation and modelling of limited data, and associated confidence 
levels vary greatly. Even where the entire area of interest has been mapped using acoustic 
data, it should be recognised that natural systems are dynamic, and that the distribution of 
strata may move and change over different temporal scales (i.e. shifting of sandwave 
features, biogenic reefs and sediment mosaics). When defining strata on which to base a 
stratified random design, the researcher should endeavour to use maps with high associated 
confidence, and acknowledge any limitations. It is recommended that a full acoustic seabed 
characterisation survey (e.g. multibeam bathymetry and backscatter) is conducted prior to 
sampling design, however as discussed in Section 2.1.3 this will not always be feasible.  
 
If confidence in habitat maps is low researchers could use a system of field verification, such 
as selecting random grab sampling points following verification of the substrate by camera or 
video. This method may require oversampling to adequately sample each stratum (for 
example, sand and mud cannot always be distinguished from photographic data). An 
efficient alternative which will ensure uniform coverage of habitats within a sampling area is 
the systematic sampling design (see Section 9.1.3). 
 


9.1.3 Systematic sampling  
 
Systematic sampling involves placement of sampling points at regular intervals, usually in a 
grid pattern, and preferably starting from a randomly generated point to remove subjectivity 
from the design. Systematic sampling is not reliant on high confidence habitat maps, and 
provides more uniform coverage of a survey area than simple random sampling. The 
systematic grid design can be used to increase the probability that samples represent the 
whole sampling area when it cannot be reliably stratified, or where confidence in maps is 
low. It provides an efficient means of mapping distribution, and is the most effective design 
when an estimation of spatial pattern or extent is required (Davies et al 2001). The use of a 
systematic sampling design will reduce the probability of spatial autocorrelation by 
maintaining a uniform distance between sampling points (Olea 1984), in addition to providing 
the option of stratifying and sub-sampling at a later date if strata are defined subsequent to 
the sampling period. Systematic sampling grids can also be applied to different strata within 
the same survey area, resulting in a systematic stratified design. This approach is 
particularly useful when substrates are known to be highly heterogeneous, and the standard 
systematic grid is likely to result in an unbalanced design (i.e. insufficient coverage of all 
habitats). An additional advantage of systematic sampling is that ‘before’ data can be 
acquired within a survey area (e.g. within an MPA) if management measures are to be 
implemented but the location of the management areas is not yet known with confidence.  
 
The sampling interval in a systematic grid will generally be determined by the number of 
sampling points required, however care should be taken to ensure that the interval is not 
correlated with a periodic seabed feature, e.g. peaks or troughs of sandwaves. If the 
sampling points are not correlated with a regular feature, and if the samples are sufficiently 
far apart to be independent, then a systematic sample may effectively be treated as a simple 
random sample in analysis (Manly & Navarro 2015). To support this assertion, Cabral & 
Murta (2004) reported that random, stratified random, and systematic sampling designs 
resulted in similar mean variance ratios in the density of benthic infauna.  
 
Triangular grid patterns are typically preferable to square grids, as this reduces the chance 
of bias towards a regularly spaced feature (Byrnes 2000). The pattern used to space the 
systematic sampling points can also affect the ability of the sample to detect certain seabed 
features; for instance, Barry and Nicholson (1993) determined that a triangular grid was the 
most efficient pattern for detection of circular patches, in comparison to square grids or 
random sampling.  
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Ephemeral habitats (e.g. Sabellaria spinulosa) can be difficult to monitor, as the habitat 
distribution can change throughout time. Seabed maps should be used with caution where 
habitats are ephemeral (Limpenny et al 2010), and should not be used for stratification 
unless they are recent enough that confidence in distribution is high. Such habitats are likely 
to be best monitored using a systematic sampling design (e.g. using video tows or drop 
camera), where effort is evenly distributed throughout the sampling area. If time-series data 
are available, areas of ephemeral habitat which have been shown to persist through time 
may also be targeted.  
 


9.1.4 Judgement sampling 
 
Judgement sampling is a non-probabilistic method of drawing a sample from a population, 
and involves the researcher subjectively selecting the sampling units without any form of 
randomisation. The risk of bias associated with this method is high, although it can offer an 
efficient alternative to probability sampling, particularly when the populations in question are 
well studied and resources are limited, where rare species or habitats are known to occur, or 
in areas considered to be representative of a certain condition (Davies et al 2001). 
Judgement sampling also provides a method of targeting multiple gradients simultaneously 
when the sample size is less than optimal due to resource limitations (e.g. targeting a range 
of sediment types and seabed depths). When sample sizes are small this approach can 
reduce the probability of recording a ‘truncated gradient’, whereby the full ranges of 
environmental and biological gradients are not captured (Albert et al 2010).   
 
Results from data acquired using a judgement sampling design should not generally be 
extrapolated to the entire population, unless the researcher is highly confident that the wider 
population shares the same characteristics and presents the findings with caveats. Whilst 
judgement sampling data may be used descriptively to identify broad trends and ranges, 
hypothesis testing and inference of causality is not appropriate where empirical evidence is 
required to justify management measures (Steele 2001).  
 
Gradient-directed transect or ‘gradsect’ is a low-input, high-return judgement method, which 
is targeted to investigate indicator response along a specified environmental gradient. If well-
designed, with adequate knowledge of the system and indicator/s in question, the gradsect 
strategy can improve precision and efficiency, by capturing data within the full variation 
range of the specified parameter (Wessels et al 1998). The theory behind the gradsect 
method is that distribution of biota is generally non-random, and therefore sampling designs 
which employ random or systematic models may fail to detect underlying non-random 
patterns (Gillison 1984). The gradsect method can be applied to investigate gradients where 
a random or systematic approach is unlikely to capture the full range of environmental 
variation (e.g. if the full variance range was restricted to a certain area within a large MPA), 
or if the number of stations required would be too high using more traditional sampling 
methods. Although the gradsect method can improve efficiency and precision in some cases 
it should be acknowledged that natural variation in communities is unlikely to be fully 
captured, due to the smaller number of stations sampled. 
 


9.1.5 Choosing fixed or re-randomised locations 
 
Fixed monitoring locations (typically comprising plots, smaller quadrats or transects) can 
provide a very precise measure of change by reducing random variability in parameters such 
as substrate composition, and physico-chemical conditions. This strategy is typically used for 
monitoring the growth, density, cover or condition of biota such as biogenic reefs or solitary 
corals, marine flora and sessile fauna, or organisms that are only known from specific 
locations (Davies et al 2001). For such biotic parameters re-sampling of the same areas of 
habitat is likely to be a more effective method of monitoring change than random allocation 
of sampling across larger spatial strata (Van der Meer 1997; Kingsford & Battershill 1998; 
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Hill & Wilkinson 2004). Fixed locations are also appropriate to measure responses in 
localised areas of persistent anthropogenic impact. 
 
Fixed monitoring locations are generally most feasible in the intertidal and nearshore 
environments where locations may be marked and revisited easily, whilst it can be extremely 
difficult to revisit exact fixed locations in deeper areas.  
 
Despite the advantages of using fixed locations they may be unrepresentative of the survey 
area as a whole, and only allow inference to be made about discrete locations. Repeated 
monitoring can cause localised damage and there may be financial overheads associated 
with marking and maintenance. Care must also be taken to ensure that the act of sampling 
does not confound the experiment, e.g. trampling or disturbance by surveyors can make it 
impossible to detect whether there has been a true change. Repeated observations from 
fixed locations are also highly likely to display serial correlation, confounding the assumption 
of independence through time and requiring repeated measures analyses. 
 
As reported by Davies et al (2001), repeated monitoring should only be conducted at fixed 
locations when: 
 


• minimising sampling variation is of prime importance (e.g., where subtle changes 
must be detected at sites which are highly heterogeneous) or information is needed 
on turnover and species dynamics; 


• sample locations are representative of the site and sufficient samples are taken to 
minimise the risk of chance events reducing their representativeness; 


• provision is made for the unexpected loss of sample locations; 


• the feature and the surrounding environment will not be significantly altered or 
damaged by repeat visit. 
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9.1.6 Summary of key points and recommendations 
 


 
 


  


Section 9.1: Sampling designs 


Key Points: 


• Sampling designs provide a framework by which to select sampling units from the 
population, and may be either probabilistic (random) or non-probabilistic (non-
random).  


• Probabilistic sampling designs typically minimise systematic error and are 
considered to be more statistically rigorous. They include simple random 
sampling, stratified random sampling, and systematic sampling. 


• Non-probabilistic (judgement sampling) designs involve the researcher 
subjectively selecting the sampling units without any form of randomisation. They 
should not be used for inference about a wider population. 


Recommendations: 


• It is recommended that a full acoustic seabed characterisation survey (multibeam 
bathymetry and backscatter) is conducted prior to sampling design, if resources 
allow. 


• It is recommended that probabilistic sampling designs are used, so that inference 
can be drawn about the wider population. 


• Simple random sampling (with a buffer) should be conducted where sediments 
are homogeneous, and pressures are reasonably consistent across the site. 


• Stratified random sampling should be conducted where sediments or pressures 
are clearly stratified across the site, and confidence in habitat maps is moderately 
high. 


• Systematic sampling should be conducted where the seabed cannot be reliably 
stratified, and where full coverage of the survey area is required. It should also be 
used when management areas or closures are likely to be established after the 
sampling has been completed, to ensure that these areas are covered to some 
extent. 


• For systematic sampling a triangular grid pattern should be used in preference to 
a square grid, to reduce the probability of bias towards regularly spaced features. 
The grid should start from a randomly generated point to remove subjectivity from 
the design. 


• Judgement sampling should only be used when the researcher has a well-
developed knowledge of the indicator/s and system in question, and where 
resources do not allow a probabilistic design. Judgement sampling is not suitable 
where empirical evidence is required to justify management measures. 


• Fixed sampling locations should generally only be used for monitoring the growth, 
density or cover of biota, such as biogenic reefs, marine flora, and sessile fauna, 
or those that are only known from specific locations. 
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9.2 Sentinel monitoring sampling designs 
 
The sampling strategy employed for sentinel monitoring is likely to depend on the level of 
confidence in the distribution of habitats.  
 
In areas where substrate and depth range are known to be reasonably homogeneous, a 
simple random sampling design may be appropriate. However, if confidence in habitat 
maps is low, or where habitats are heterogeneous, the simple random design may not 
provide sufficient coverage of all habitats. When employing a simple random design for 
sentinel monitoring, the design should incorporate adequate spatial coverage of the entire 
area of interest to capture the full range of environmental and biological variation throughout 
both time and space. If the feasible sample size is not sufficient for adequate geographical 
coverage of the survey area or the habitats within it when distributed randomly, a 
systematic sampling approach should be considered. A systematic approach may also be 
preferable when substrates are likely or known to be highly heterogeneous, precluding 
determination of distinct strata, and when confidence in seabed maps is low (e.g. Figure 13). 
In cases where future monitoring is likely to be required to determine whether management 
measures have been successful, sentinel monitoring data can serve as ‘before’ data in an 
investigative Before-After-Control-Impact (BACI) design (assuming it meets power and 
significance requirements); this is generally the case where management areas have not 
been determined prior to the initial monitoring event. In this instance a systematic design 
covering the entire site is likely to be the most appropriate, to ensure coverage of future 
management areas. The potential for such data to be used in quantitative analysis will, 
however, depend on the levels of natural variation and the number of sampling points which 
have fallen within the undefined management areas.  
 


 
Figure 13: A systematic sampling design for the initial sentinel monitoring survey at East of Gannet 
and Montrose Fields Nature Conservation MPA (NCMPA). 


 
Stratified random sampling is considered the optimum strategy for sentinel monitoring 
where confidence in seabed maps is high, and strata are distinct (e.g. circalittoral rock in 
Figure 14). Any stratification should be based on major ecosystem drivers of variance (e.g. 
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depth, biogeographic region, water currents, sediment type) and not exclusively on human 
pressures, whose spatial scale in the long-term is likely to change.  
 
A stratified random sampling design is recommended if high confidence habitat maps have 
already been produced, or if remote sensing data for the entire survey area can be acquired 
and processed in the field within the constraints of the budget (assuming strata can be 
resolved).  
 


 
 
Figure 14: A stratified random sampling design for the initial sentinel monitoring survey at Haig Fras 
Special Area of Conservation (SAC) (one stratum; moderate energy circalittoral rock)   


 
The flowchart presented in Figure 15 provides a guide to aid selection of an appropriate 
design for sentinel monitoring. 
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Figure 15. A systematic approach to determining appropriate sampling designs for sentinel monitoring.
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9.2.1 Summary of key points and recommendations 
 


 
 


9.3 Operational monitoring sampling designs 
 
Operational monitoring designs are more complex than those explored in the previous 
section. They require knowledge of pressure intensity and distribution, and are optimised 
where there is a reasonably high level of confidence in habitat distribution (as discussed in 


Section 2.1.3).  
 
Sampling designs for operational monitoring will vary depending on the nature of the 
pressure under investigation (e.g. dispersive or non-dispersive), the resolution to which the 
pressure may be mapped, and the confidence with which pressures can be modelled. 
 
A robust design to investigate pressure-state relationships will usually consist of a number of 
discrete ‘pressure units’, defined as standardised areas within which the intensity of a 
specific pressure is known and may be categorised (e.g. a gridded VMS cell, see Figure 16). 
Ideally pressure units will be replicated within each category of the pressure gradient (e.g. 
low, medium, high, very high) to increase statistical power. Replicates should be taken within 
each pressure unit, the number of which should be determined by power analysis once the 
number of strata (i.e. the pressure categories) and pressure unit replicates within each 
pressure category have been determined. Replication within pressure units should be 
conducted using simple random or systematic designs where substrates are 
homogeneous. Where the substrate varies within pressure units it may be appropriate to use 
a stratified random approach, however efforts should be made to reduce such variation 
wherever possible (e.g. by selecting pressure units in areas of homogeneous sediment).  
 
The sampling strategy presented in Figure 16 was designed to investigate the pressure-state 
relationship between subsurface abrasion and infaunal metrics at the Dogger Bank 
candidate Special Area of Conservation/Site of Community Importance (cSAC/SCI). 
Pressure units (0.05 decimal degree abrasion cells) were defined using a standardised 
method of VMS data aggregation developed by Church et al (2016). Based on the resources 
available, and prior experience of similar studies on comparable habitats, it was decided that 
the gradient would consist of four pressure categories (and a zero-pressure category). Two 
replicate pressure units (‘a’ and ‘b’ cells) were selected within each pressure category, 
resulting in ten pressure units overall, each of which contained ten replicate sampling 
stations. 
 


Section 9.2: Sentinel monitoring sampling designs 


Key Points: 


• The sampling strategy employed for sentinel monitoring within and around MPAs 
is likely to depend on the availability of acoustic seabed data for the site, and the 
level of confidence in the mapped distribution of habitats. 


Recommendations: 


• Sentinel monitoring will use simple designs, and are therefore covered by the 
Section 9.1 recommendations. 


• The flow diagram presented in Figure 15 can be used to aid selection of an 
appropriate sentinel monitoring sampling design. 







Monitoring guidance for marine benthic habitats 


62 
 


 
Figure 16: An operational monitoring design for investigating the relationship between infaunal 
communities and subsurface abrasion pressure (simple random sampling within replicated pressure 
units (grid cells) along a gradient). 


 


9.3.1 General principles for operational monitoring 
 
Although sampling designs for operational monitoring will vary according to the pressure/s 
under investigation, some general principles should be universally applied to all designs: 
 
1) Pressure units should be appropriate for the pressure and should be of an 
ecologically meaningful size. 
 
The choice of pressure unit will depend on the resolution to which a pressure can be 
mapped, or the confidence with which its distribution can be predicted. It is important that the 
pressure unit is ecologically meaningful, and neither too large nor too small for the impacts 
of the pressure to be detected.  
 
For example, the design presented in Figure 16 uses a standardised method to grid VMS 
pings to a cell format. Assigning a pressure value to a VMS cell requires interpolation, 
therefore there is a risk of over or under-estimating fishing pressure spatially, depending on 
the scale of the grid selected. When using VMS data and other types of data requiring 
interpolation it is important that the scale of the unit is considered in the context of the survey 
area and habitats present. For more information, see Jenkins et al (2015).  
 
Selecting pressure units within which to replicate can be difficult for dispersive pressures, 
where the distribution and intensity of the pressure is not generally known. In this case, 
expert judgement must be used, and the likely direction and range of the dispersal must be 
gauged using hydrodynamic information and modelled products where necessary. Based on 
the information available, a consistent and ecologically meaningful pressure unit should be 
selected, which will be comparable along the entire gradient. 
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An example theoretical design for a point source of contamination is displayed in Figure 17. 
The design incorporates regularly spaced pressure units which extend out from the 
contamination source in the direction of the likely prevailing current, beyond a distance 
thought to be the likely limit of contaminant effects. The size of these units must be decided 
by the researcher based on the likely range of dispersion and the parameters being 
investigated, however the size should be standardised for comparability. 
 


 
 
Figure 17. A theoretical operational monitoring design for a point source of dispersive contamination 
(gradsect design). 


 
2) The distribution of pressures within pressure units should be considered 
 
Where pressure units have been derived using interpolated data or mapping products it may 
be useful to evaluate the likely distribution of pressure within the unit using expert judgement 
and supplementary information (if available). For example, the gridded format of VMS cells 
may imply that pressure is uniform throughout the cell, however this is not generally the 
case. Review of VMS pings overlain onto the gridded cell, along with qualitative evidence 
(e.g. information gathered through interviewing fishers), may allow patterns to be identified 
which may not be evident from interpolated mapping products. 
 
If a pressure appears to be highly skewed towards one area of a pressure unit it may be 
necessary to exclude it from the design to avoid biasing the dataset, or to sub-divide the cell 
and sample only within the high-pressure area. 
 
3) Where possible the design should be balanced and should sample the entire 
pressure gradient at appropriate intervals 
 
Truncated gradients occur when a sampling design fails to record indicator response to the 
full range of pressure intensity (Thullier et al 2004). It is important that the full range (or likely 
range) of the pressure gradient is identified, and that pressure units are allocated to sample 
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the gradient along its entire range (Underwood & Chapman 2013). Pressure units outside of 
the gradient (i.e. non-impacted) should also be sampled to provide controls for comparison.  
 
The number of categories in the gradient will generally depend on the resources available, 
and the number of pressure units and within-unit replicates required for a robust design. A 
larger number of categories may allow the pressure-state relationship to be modelled more 
accurately, however in order to maintain a balanced design there must be a trade-off 
between the number of categories and the number of replicates within each pressure unit. 
Where a balanced design is not achievable (e.g. if some samples are found to consist of a 
different habitat or substrate type which is likely to introduce excessive variance), it may be 
possible to weight the data in analysis. 
 
Where spatial data are available, various methods can be used to systematically classify 
data into categories (e.g. user defined, equal intervals, quantile and natural breaks). The 
optimal method will depend on the distribution of the data; for example, the quantile method 
places equal numbers of observations into each category, and is best used for data which 
are evenly distributed across the range, whilst the natural breaks method uses natural 
groupings to maximise between-category differences, and is best used for data that are 
unevenly distributed across the range. Whichever classification method is used, it is 
important that the design is balanced, with an equal number of pressure units assigned to 
each category of the pressure gradient.  
 
4) Temporal pressure datasets should be combined (or not), based on the resilience 
and resistance of indicator/s to the pressure 
 
Disturbance caused by anthropogenic pressures may be temporary (e.g. a single 
contamination incident) or persistent (e.g. sustained trawling over a number of years). Where 
persistent disturbance is present, and a pressure data time-series is available (e.g. 
cumulative annual VMS data or aggregate extraction data) a decision must be made about 
how or whether to combine this data in an ecologically meaningful way. It is important that 
the design (and subsequent analysis) is based on pressure data which is most likely to 
reflect the true response of the indicator. The decision on whether to combine datasets 
should be based on the likelihood of cumulative disturbance effects, and a review of the 
resistance (tolerance) and resilience (recoverability) of the indicator/s to the pressure/s 
under investigation.  
 
Where habitats are subject to a high level of natural disturbance (e.g. high energy systems 
such as sandbanks) biota may be naturally resistant and/or resilient to anthropogenic 
disturbance, and as such may only show a response to recent human disturbance events. In 
such cases it may be appropriate to use only the most recent dataset or to combine a small 
number of datasets (e.g. combining data from two or three annual datasets) to reflect a 
short-term cumulative effect. Where habitats are subject to a low level of natural disturbance 
or are slow-growing, they are display lower resistance and resilience to anthropogenic 
pressures, and may therefore be impacted for a substantial period after the impact. If so, it is 
appropriate to combine a higher number of datasets to cover the expected longer period of 
impact. 
 
The Marine Evidence based Sensitivity Assessment (MarESA), available on the Marine Life 
Information Network (MarLIN)6, is a key resource for information on the sensitivity of different 
species and habitats in British Isles waters, and can be used to help determine the likely rate 
of recovery from pressures. 
 
 


                                                
6 http://www.marlin.ac.uk/species/sensitivity_rationale 
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5) Variance should be minimised in the design wherever possible 
 
It is important that the response of the indicator to the pressure is clearly identifiable against 
background variation. Therefore, all environmental and anthropogenic factors likely to cause 
such variance must be addressed in the design. This can be achieved by ensuring uniformity 
of conditions across sampling units wherever possible; e.g. substrates and depth ranges 
should be comparable between pressure units. The pressure units should also not be 
distributed across a large geographical area unless necessary. Furthermore, sampling 
should not occur where other anthropogenic pressures are present which are likely to 
confound the results, unless they can be measured and accounted for in analysis.  
 
Where it is not possible to limit sources of variance within the design (e.g. the number of 
pressure units in different pressure categories is locally limited within the habitat/s under 
investigation), the variables likely to introduce variance should be quantified and used as 
covariates in analysis. 
 
6) Pressure units should be spatially independent where possible 
 
As discussed in Section 8.1, spatial dependency of pressure units (i.e. spatial 
autocorrelation) can occur when observations from nearby units have values more similar 
than those from units that are further apart. In an operational monitoring study this situation 
is likely to occur when areas of similar pressure intensity are geographically distinct within 
the survey area. Where this pressure distribution occurs, inferential capability is reduced, 
and it may not be possible to conclude that any relationship or lack thereof is the result of a 
pressure-state interaction, as opposed to influenced by natural spatial variation.  
 
Wherever possible, spatial independence should be optimised by: 


• interspersing pressure units from different pressure categories (as illustrated in 
Figure 16), 


• maximising distance between pressure units within reason (e.g. try not to locate units 
directly adjacent to each other), 


• ensuring that replicates within pressure units are closer to each other than they are to 
replicates in a different unit (using a buffer if necessary). 


 
As mentioned in Section 8.3, if spatial independence cannot be attained statistical analyses 
which explicitly model the spatial dependence should be used (e.g. mixed effects or 
generalized linear mixed models). 
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9.3.2 Summary of key points and recommendations 
  


 


9.4 Investigative monitoring sampling designs 
 
Investigative monitoring involves designing an experiment to find evidence of cause and 
effect within a given area or areas (i.e. the effect of an ‘impact’ on an indicator). In this 
context, ‘impact’ refers to a change to the status quo, either experimentally (e.g. creating 
disturbance by trawling the seabed) or through management measures (i.e. the removal or 
addition of a pressure to a specific area), in contrast to ‘control’ conditions where the status 
quo is maintained.  
 
In an experiment, a factor is an explanatory variable which has two or more levels. Two 
factors are typically used in investigative monitoring designs; the manipulation (e.g. 
exclusion of a pressure by management or experimental disturbance), and sampling period 
(e.g. before and after the manipulation). Investigative designs use combinations of these 
factors, or treatments, to test for differences between groups of samples and determine 
whether the manipulation has resulted in a change to the selected indicator/s (Table 7). 
 


Section 9.3: Operational monitoring sampling designs 


Key Points: 


• Operational monitoring designs are more complex than those explored in the 
previous section, and will be optimised where confidence in the distribution of 
pressures is reasonably high. 


• Sampling designs for operational monitoring will vary depending on the nature of 
the pressure under investigation (i.e. dispersive or non-dispersive), the resolution 
to which the pressure can be mapped, or the degree of confidence in pressures 
modelling. 


Recommendations: 


• A robust design to investigate pressure-state relationships will usually consist of a 
number of sampling units within ‘pressure units’ (e.g. a VMS cell or other 
standardised area of pressure) which are classified into pressure categories to 
cover the entire gradient of the specified pressure. 


• Replicate samples should be taken within each pressure unit, and each category 
of the pressure gradient should be replicated to increase power. 


• It is recommended that the following principles are taken into account for 
operational sampling designs (see explanations in Section 9.3.1): 


1. Pressure units should be appropriate for the pressure, and should be of an 
ecologically meaningful size. 


2. The distribution of pressures within pressure units should be considered. 


3. Where possible the design should be balanced, and should sample the 
entire pressure gradient at appropriate intervals. 


4. Temporal pressure datasets should be aggregated (or not), based on the 
resilience and resistance of the indicator/s to the pressure. 


5. Variance should be minimised in the design wherever possible. 


6. Pressure units should be spatially independent wherever possible. 
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Table 7: A 2x2 factorial design for an experimental manipulation. 


  Management measures / 
experimental disturbance 


  Control Impact 


Sampling 
Period 


Before Treatment 1 Treatment 2 


After Treatment 3 Treatment 4 


 
According to Green (1979), an optimal experiment of this kind has several basic features: 


• the type of impact, time of impact, and place of occurrence should be known in 
advance, 


• the impact should not have occurred yet, 


• control areas should be available. 
 
Where the features listed above are not present the design will be very limited in its ability to 
infer the cause of change; for example, a single factor Control-Impact study may easily be 
confounded by temporal variation (see Section 9.4.1), whilst a double factor design with 
multiple replicates in time and space (‘Beyond BACI’, see Section 9.4.4) is substantially 
more robust. As described in Section 6, available resources must be balanced against the 
need to provide statistically robust evidence for the effectiveness of management measures, 
particularly where measures are adaptive or have substantial impacts on stakeholders. 
Sections 9.4.1 to 9.4.4 describe the limitations and advantages of designs which are 
commonly used for monitoring the effectiveness of management measures or detecting 
change in a manipulative experiment. The designs are compared graphically in Figure 19. 
 


9.4.1 Control-Impact and Before-After designs (CI & BA) 
 
The basic two treatment Control-Impact (CI) design has been widely used in MPA monitoring 
(as summarised in Halpern 2003 and Osenberg et al 2006), yet this design has severe 
limitations for dealing with natural variability. In a CI design the ‘impact’ site refers to the area 
where management measures were implemented or an experimental impact was applied 
(e.g. the exclusion or introduction of a pressure), whilst the ‘control’ site consists of a 
comparable unmanipulated area. The control and impact sites are assumed to be identical in 
the absence of the experimental manipulation, and under this assumption the difference 
between the control and impact sites provides an estimate of the impact effect (Osenberg 
et al 2011). In reality spatial variation between the control and impact sites is likely to render 
this assumption invalid (Osenberg et al 2006). 
 
A Before-After (BA) design compares conditions within the impact site prior to and following 
the manipulation without use of a control. This design assumes that differences between 
survey periods are caused by the manipulation; an assumption that is equally spurious to 
that of the CI design, due to the likelihood of change over time regardless of an impact. 
Confidence in the results of a CI or BA experiment will be low, and these designs will not 
produce robust evidence for justification of management measures. It is highly 
recommended that a more complex design is used for investigative monitoring surveys.  
 


9.4.2 Before-After-Control-Impact designs (BACI) 
 
In the 2x2 factorial Before-After-Control-Impact (BACI) design (Green 1979) the control and 
impact sites are sampled once before and once after the manipulation, allowing influence of 
background spatial and temporal variance to be accounted for. This design allows the 
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researcher to test for an interaction between time (Before/After) and manipulation 
(Control/Impact) to determine whether a manipulation has resulted in an effect.  
 
 


 
 
Figure 18: Interaction between control and impact sites in a BACI design. 


 
Figure 18 illustrates the concept of the interaction, with four possible outcomes of a BACI 
study; A) no change in either the control or impact sites, B) a decrease in both the control 
and impact sites, it is unclear whether the decrease is due to the same cause, C) a decrease 
in the impact site with none observed in the control site, which could be interpreted as a 
manipulation effect, D) an increase in the control site and a decrease in the impact site, 
indicating that the control site is unsuitable for comparison. 
 
Whilst the BACI design is more robust than Control-Impact or Before-After designs, it is 
nevertheless generally considered to be flawed (Hurlbert 1984; Bernstein & Zalinkski 1983; 
Stewart-Oaten et al 1986; Underwood 1990, 1992). Despite efforts to select sites with similar 
physical and ecological characteristics there may be spatial and temporal differences 
between the impact and control sites which are unrelated to the manipulation (as illustrated 
in Figure 18), and BACI results should therefore be interpreted with a degree of caution. 
 
Whilst the BACI design is preferable to CI and BA designs, it is recommended that a more 
complex design is used, involving the addition of more time-series data points 
(Section 9.4.3), and/or extra control sites (Section 9.4.4). 
 


9.4.3 Before-After-Control-Impact Paired Series designs (BACIPS) 
 
The basic BACI design can be modified to reduce the likelihood of the experiment being 
confounded. BACI Paired Series (BACIPS) designs involve repeated sampling of the control 
and impact sites at the same times (or as close together as is feasible), so that shared 
temporal effects can be identified (Stewart-Oaten et al 1986).  
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BACIPS designs provide more powerful estimates of impact or manipulation effects by 
accounting for extraneous sources of noise which limit other designs. They require a 
sustained commitment to monitoring effort and resources, and careful planning. Ideally, 
multiple time-series measurements would be taken prior to the manipulation being 
implemented. In practice, it is unlikely to be feasible to take multiple ‘before’ measurements 
as part of a monitoring programme, although efforts should be made to include any suitable 
existing data in BACIPS designs.  
 


9.4.4 Beyond BACI designs 
 
The BACIPS design can be further developed to include multiple control and/or impact sites, 
sampled at multiple times before and after the impact or manipulation (MBACI) (Keough & 
Mapstone 1995). Although it is statistically desirable to investigate equal numbers of impact 
and control locations (a symmetrical design) it is expected that impact sites will be limited in 
many cases (e.g. management is restricted to a single area in a local context), and therefore 
an asymmetrical design should be employed, weighted in favour of multiple control sites 
(Underwood 1990, 1992).  
 
The ‘Beyond BACI’ design advocated by Underwood (1992) suggests that designs should 
include a series of spatially independent control sites which have been randomly selected 
from a set of possible sites with similar characteristics to the impact site. If the manipulation 
results in authentic changes, the difference between the impact and control sites would be 
expected to be greater than the differences between control sites; it is therefore clear that as 
many control sites as feasible should be surveyed to improve the precision of variability 
estimates. Underwood states that sampling should be conducted at all sites at the same time 
(or as close as possible); however, the sampling times should be selected randomly within 
the confines of a specific ecologically justified time period (i.e. a season).  
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Figure 19. Investigative monitoring design comparison. B = before; A = after; C = control; I = impact; 
PS = paired series. The degree of confidence in each design method for detection of impact or 
manipulation effects above natural variation or ‘noise’ is provided in brackets; VL = very low 
confidence; L = low confidence; M = moderate confidence; H = high confidence. Numbers of sampling 
periods and control locations in BACIPS and Beyond BACI designs are not limited to those presented 
here. 


 


9.4.5 Controlling for variation where ‘Before’ data are not available 
 
Acquisition of a ‘before’ dataset is very highly recommended; however, situations may arise 
where it is not possible to collect pre-disturbance data, or historical datasets do not have 
sufficient power for a meaningful comparison. In this situation Osenberg et al (2011) 
recommends using habitat availability as a covariate to adjust indicator values, if the 
distribution of the indicator is known to be affected by this parameter. 
 
Adjusting data by covariance requires a solid understanding of the indicator, system and 
pressure in question, and the relationships between them. For example; how will 
management measures affect biota? Will the effect of the closure be on the biota (e.g. an 
increased number of epifaunal taxa), the habitat (e.g. increased coral density), or both? If the 
habitat is unaffected by the closure of the area, then the habitat-adjusted data will correctly 
measure the effect of the closure. However, if the closure also increases habitat availability, 
then the adjustment of indicator values by habitat will eliminate some of the effect of the 
closure, thereby underestimating it. This approach offers an opportunity to refine estimates 
of effect when ‘Before’ data are not available, but must be applied with caution and an 
understanding of its limitations. 
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9.4.6 General principles for investigative monitoring 
 
Where habitats are reasonably homogeneous within the control and impact sites (or where 
habitat distribution is not known with confidence) a random or systematic sampling 
approach should be applied. Stratified random sampling may be appropriate if habitats are 
variable but reasonably balanced between sites (i.e. equal amounts of each habitat in control 
and impact sites); in this case habitat type may be used as a factor in analysis. A theoretical 
example of a random stratified BACI design for investigative monitoring is displayed in 
Figure 20. 
 


 
Figure 20. A theoretical random stratified ‘Beyond BACI’ design with a single impact site (e.g. where 
an impact has occurred, or management measures been applied) and replicated control sites. 
Following power analysis, sampling has been stratified by sublittoral coarse sediment (pink - 18 
samples per site) and sublittoral sand (yellow - 13 samples per site). The survey area is relatively 
homogeneous in terms of environmental influences and anthropogenic pressures.  


 
Whichever sampling design is used the following general principles should be applied when 
designing investigative monitoring studies:                                                                 
 
1) Control site placement should be carefully considered 
 
Careful consideration must be given to control site placement to minimise the likelihood that 
the experiment is confounded by natural variation or changes arising from the experiment 
itself. Principles for optimal placement of control sites are presented in Table 8. In practice, it 
may be difficult to fully adhere to these principles due to limitations in control site availability; 
therefore mitigative measures are suggested, to be applied if necessary. Where the 
mitigative measures are insufficient to avoid confounding the experiment, an investigative 
monitoring design may not be appropriate. 
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Table 8. Principles for optimal placement of control sites. 


 
 


Principles for optimal control site 
placement 


Mitigative measures (if principles cannot be 
met) 


Control sites should be positioned in areas 
where environmental characteristics (e.g. 
sediment type, depth and organic inputs) are 
as similar as possible to those of the impact 
site. 


Choosing homogeneous sites will decrease 
the effect of noise on detection of indicator 
response. 


Environmental variables likely to result in 
between-site variation should be quantified and 
used as covariates in analysis. 


If it is not possible to locate a control site with 
similar environmental conditions and sediment 
distribution, an investigative design should not be 
attempted. 


Control sites should be located within the 
same broad vicinity as the impact site.  


The appropriate maximum distance will 
depend on the scale of local variation. 


Where control sites cannot be placed in 
reasonably close proximity, the comparability of 
the sites should be thoroughly explored and 
expert judgement applied to determine whether an 
investigative design is suitable. 


Control sites should be a sufficient distance 
from the impact site to be spatially 
independent from it  


e.g. not directly adjacent to it 


Where it is necessary to place control sites in very 
close proximity to the impact site, a buffer should 
be applied to ensure that sampling points within 
the control site are closer to each other than to 
those within the impact site. 


Control sites should not be positively affected 
by the impact or manipulation;  


e.g.  a control site positioned in close 
proximity to an area closed to pressures may 
be subject to biological ‘overspill’ (e.g. a 
higher level of larval recruitment than would 
be expected if management measures were 
not in place). 


Where control sites must be positioned inside a 
potential area of positive influence, the likely 
benefit should be quantified where possible (e.g. 
larval sampling), and used as covariate in 
analysis. Where this is not possible expert 
knowledge should be applied to determine 
whether the design will be affected to an 
unacceptable degree. 


Control sites should not be negatively 
affected by the impact or manipulation;  


e.g. the control site should not be located in 
an area where pressures are expected to be 
displaced to following application of 
management measures (e.g. MPA ‘edge 
effects’). 


Where control sites cannot be placed outside a 
potential area of negative influence, the pressure 
should be quantified (if possible) and used as a 
covariate in analysis. Where this is not possible 
expert knowledge should be applied to determine 
whether the design will be affected to an 
unacceptable degree. 


Control sites should display a similar level 
and distribution of anthropogenic pressure to 
the impact site before management 
measures are/were applied. 


Anthropogenic pressure should be quantified and 
used as a covariate or factor in analysis. 


Control sites should be located in areas 
where levels of pressure are not likely to 
change substantially from those present at 
the impact site before management 
measures were applied. 


This is difficult to mitigate (particularly for long-
term BACIPS and Beyond BACI designs), 
however areas with reasonably stable historic 
pressure intensity can be selected, and pressures 
can be quantified and used as covariates where 
necessary. 
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2) Sampling designs should consider pressure distribution within and between 
control and impact sites 
 
It should not be assumed that the intensity of pressures within the control and impact sites is 
evenly distributed. 
 
If areas within the impact and control sites have not been subject to the pressure for which 
management has been applied, then sampling and re-sampling at these locations may 
diminish the apparent effect of the management within the wider sample. It may therefore be 
appropriate to exclude sampling from areas within the impact site where the pressure has 
not occurred, or is thought to be negligible.  
 
For BACI-type designs, power is maximised by selecting control sites which closely mirror 
pressure intensity and distribution at the impact site before the management measures or 
manipulation. Where pressure varies substantially between or within control and impact 
sites, the level of pressure should be used as a covariate or factor in analysis. 
 
3) The time-series sampling interval should be optimised to reduce serial correlation 
 
Serial, or temporal, correlation is an unavoidable feature of BACI-type designs, as 
successive samples taken from the same sites are likely to be correlated with each other 
(Hurlbert 1984). Sampling events should have sufficient temporal spacing that serial 
correlation is reduced as far as possible (Stewart-Oaten et al 1986). The appropriate 
timescale will vary based on the indicator/s in question; for example, species or communities 
with a high turnover of individuals are likely to require a shorter sampling interval than those 
that are slow-growing or long-lived. As discussed in Section 5, the sampling events in the 
investigative monitoring time series should be conducted within the same season wherever 
possible. 
 
4) Sites should remain fixed, whilst within-site sampling points may be re-randomised 
or fixed  
 
Control and impact sites should remain fixed throughout the time-series, whilst within these 
sites sampling points may be re-randomised or remain fixed, depending on the monitoring 
objectives. 
 
As mentioned in Section 9.1.5, fixed locations can provide a precise measure of change 
when monitoring the growth, density or cover of sessile or slow-growing biota, or those that 
are only known from specific locations. The primary disadvantage of monitoring fixed 
locations is that inference can only be made about specific areas, and not the rest of the site 
or area of habitat; however, in certain situations it will be appropriate to return to the same 
locations. For example; if specific areas of a coral reef are known to have been damaged by 
trawling, it will be most effective to return to these locations following a closure if the 
monitoring objective is to monitor the growth rate and recovery of these areas. 
 
Where monitoring objectives require inference to be made about the entire site, sampling 
locations should be re-randomised for each sampling event, either by using a random 
sampling approach, or by re-setting the starting point of a systematic grid.  
 
It is recommended that sampling points are re-randomised wherever possible. 
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9.4.7 Summary of key points and recommendations 
 


 
 
 


Section 9.5: Investigative monitoring sampling designs 


Key Points: 


• Determination of cause and effect in an investigative monitoring design is 
achieved through comparison of ‘treatments’, or groups of samples subject to 
different combinations of controlled conditions (known as factors).  


• Two main factors are typically used in investigative designs: 


- Management measures or experimental manipulation: i.e. ‘Control’ and 
‘Impact’ sites. 


- Sampling period: i.e. ‘Before’ and ‘After’ management measures or an 
experimental manipulation. 


• As stated by Green (1979), an optimal investigative monitoring experiment has 
several basic features, without which it will be difficult to infer the cause of 
change: 


- The type of impact, time of impact, and place of occurrence should be 
known in advance. 


- The impact should not have occurred yet. 


- Control areas should be available. 


• Commonly used investigative monitoring designs are: 


- Control-Impact (CI) and Before-After (BA) 


- Before-After-Control-Impact (BACI) 


- Before-After-Control-Impact Paired Series (BACIPS)  


- Beyond BACI (multiple control sites, multiple sampling events) 


Recommendations: 


• It is highly recommended that a ‘Before’ dataset is acquired wherever possible.  


• Whilst the BACI design is preferable to CI and BA designs, it is recommended 
that a more complex design is used (i.e. BACIPS or Beyond BACI) 


• The following principles should be taken into account for investigative sampling 
designs (see explanations in Section 9.4.6): 


1. Control site placement should be carefully considered. 


2. Sampling designs should consider pressure distribution within and 
between control and impact sites. 


3. The time-series sampling interval should be optimised to reduce serial 
correlation. 


4. Sites should remain fixed, whilst within-site sampling points may be re-
randomised or fixed. It is recommended that sampling points are re-
randomised where possible. 
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9.5 Nesting monitoring types in sampling designs 
 
When either two or three monitoring types are required in the same study, the sampling 
designs should be ‘nested’ to prevent unnecessary repetition of sampling effort and 
maximise resources. An example of a nested design featuring combined sentinel, 
operational and investigative monitoring stations is presented in Figure 21. 
 
 


 
 
Figure 21. A nested design featuring sentinel, operational and investigative monitoring stations. Black 
circles = sentinel monitoring points; white triangles = additional points for operational monitoring (eight 
pressure units under four pressure categories); white circles = additional points for investigative 
monitoring. 


 


9.6 Sampling designs for large and/or diverse areas 
 
Where inference must be drawn about a large and/or environmentally diverse survey area 
(e.g. with a large depth range), it may be necessary to modify the standard sampling designs 
to increase precision.  
 
For example, the Swallow Sand Marine Conservation Zone (MCZ), has an area of 
4,746m2 (see Figure 22). Even with substantial resources, it would be extremely difficult to 
sample across the entire site with sufficient replication to detect an effect against the 
inevitable background variation. 
 
In such cases, a more achievable and robust design could involve sampling intensively 
within nested boxes at various intervals within the survey area. Having been selected to 
minimise natural variation (e.g. each box covering a small depth range), sampling within 
these boxes would increase the power of the design and the likelihood of detecting an effect 
within the context of each box. There are, however, limitations to this design. The unsampled 
areas can only be assumed to be in the same condition and to support the same 
communities, therefore strong inference can only be drawn about the boxes sampled. It is 
possible to improve confidence in this inference by acquiring verification data from 
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unsampled areas (e.g. qualitative video transects or grab samples to confirm habitat or 
substrate type outside of the boxes). 
 
An example of a nested box systematic sampling design with wider verification stations, for 
sentinel monitoring at Swallow Sand MCZ is displayed in Figure 22. 


 


 
Figure 22. Example of a nested box systematic sampling design (with wider habitat verification 
stations, for sentinel monitoring at the Swallow Sand MCZ. 
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10 Conducting statistical analyses 
 
Having successfully acquired monitoring data using a statistically robust design, the next 
stages are data exploration and analysis. This section provides basic guidance on the types 
of statistical analyses which can be used for sentinel, operational and investigative 
monitoring data. It does not attempt to limit the user to particular techniques, or to describe 
the full range of those available, but supplies basic information on variables and data types, 
data exploration and statistical analyses (Sections 10.1 to 10.3). 
 
The majority of analyses discussed here can be used for all three monitoring types, therefore 
statistical advice is presented in the context of investigating patterns in multivariate 
community data (Section 10.3.1), investigating relationships and trends (Section 10.3.2), and 
investigating differences between groups (Section 10.3.3). Each section contains a brief 
summary of different analyses and guidance on when to use them, and a range of tests 
summarised within a table. Recommended reading boxes direct the user towards 
appropriate texts and papers for each specific group of analyses, whilst examples of general 
references are supplied below: 
 


 
 


10.1 Types of variables and data 
 
The following terminology is used throughout the following sections to describe the different 
types of variable; 
 
Response variable/s   - This refers to the metric/s used to measure the indicator/s (also 


referred to as dependent variable/s).  
 
Predictor variable/s    - This refers to variable/s expected to cause or explain variation in 


the response variable. They are also commonly referred to as 
independent or explanatory variables. 


 
To select the appropriate analysis, it is important that the characteristics of the response and 
predictor variables are recognised. Most data fall within one of three groups: 
 
Numerical 
data   


- Numerical data have a meaning as a measurement. They can be 
broken down into two further sub-types;  


- Discrete data are counted (e.g. number of sea pens).  
- Continuous data are measured (e.g. total hydrocarbon    


concentration). 


General recommended reading: 
 
DYTHAM, C. 2011. Choosing and using statistics: A biologist’s guide. 3rd Edition. Wiley-
Blackwell. 
 
FOWLER, J., COHEN. L. & JARVIS, P. 1998. Practical statistics for field biology. 2nd 
Edition. Wiley & Sons. 
 
QUINN, G.P. & KEOUGH, M.J. 2002. Experimental Design and Data Analysis for 
Biologists, Cambridge, U.K. 
 
ZUUR, A., IENO, E.N. & SMITH, G. 2007. Analysing ecological data. Springer-Verlag, 
New York. 
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- A discrete or continuous predictor variable may be referred to as a 
covariate. 


 
Categorical data - Categorical data (including binary data) represent characteristics 


(i.e. sand / mud / mixed sediment or live / dead coral).  
- These data may take on numerical values but they do not have 


mathematical meaning and are not ordered. 
- A categorical predictor variable may be referred to as a factor. 
 


Ordinal data          - Ordinal data are similar to categorical data, but the data follows a 
clear order, and the order of the scores has mathematical meaning 
(e.g. low, medium, high as 1, 2, 3). 


 


10.2 Data exploration 
 
Data exploration is the crucial first step of statistical analysis, where the data are ‘eyeballed’ 
(visually inspected) and/or plotted to allow to identification of broad trends and patterns, to 
identify any recording mistakes, and to determine which types of analysis are most suitable 
(e.g. parametric or non-parametric). Thorough and rigorous data exploration will increase the 
probability that the correct analytical approach is taken, and ultimately reduces the risk of 
drawing incorrect conclusions.  
 
In their protocol for data exploration, Zuur et al (2010) suggest asking a series of questions 
which will allow the most common statistical problems to be avoided. This protocol is 
presented in Table 9, and is recommended as a framework on which to base data 
exploration. Some of these questions are only required for univariate analysis (e.g. are the 
data normally distributed?), whilst others should also be applied for multivariate analyses 
(e.g. are there outliers? Is there collinearity between the covariates?) Further information 
and advice on remedial actions for assumption violation is available in Zuur et al (2007, 
2010), Dytham (2011) and Fowler et al (1998).  
 
At this point the data should be also reviewed in the context of any original stratification, and 
decisions made about how to group the data for analysis. For example, if the sediments did 
not correspond to those predicted from habitat maps or modelled products, post-hoc 
stratification may be required to reduce background variance. It may also be appropriate to 
exclude data points, at the discretion of the researcher; for example, if a few replicates from 
one pressure unit of an operational monitoring study were found to comprise a very different 
substrate to that observed within that unit and other units. 
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Table 9. A protocol for data exploration (adapted from Zuur et al 2010). * Y = response variable, X = predictor variable/s. 


Step Question Variable/s* Brief description of the issue Technique 


1 Are there outliers? Y, X An outlier is an observation (value) which appears to deviate markedly from other 
observations. Outlying observations may indicate an input error (e.g. a typo), in 
which case it must be amended, or random variation. Outliers can introduce bias to 
statistical models by skewing variance, therefore if the outlier is genuine a 
judgement must be made as to whether it should be retained in the dataset.  


Boxplot 


Cleveland dotplot 


2 Is there homogeneity 
of variance? 


Y Homogeneity of variance (i.e. each ‘population’ (group) displays equal variance) is 
an important assumption of analysis of variance (ANOVA) and other regression 
models. Violation of this assumption will inflate the Type I error rate. 


Conditional boxplot 


3 Are the data normally 
distributed? 


Y Normally distributed data is an assumption of many statistical techniques (i.e. 
parametric tests), however in reality data are often not normally distributed. 
Exploring the data distribution allows the correct model to be fitted (see Table 11). 


Histogram 


QQ-plot 


4 Are there lots of 
zeros in the data? 


Y Zero-inflation is a particular problem for count data, as pairs of species/variables 
consistently recording zero may show correlations where none exist. This can lead 
to biased parameter estimates and standard errors if the incorrect model is applied.  


Frequency plot 


Correlogram 


5 Is there collinearity 
among the 
covariates? 


X Collinearity is the existence of correlation between covariates (i.e. % mud and 
organic content). Highly collinear variables should not be included in the same 
models, or the likelihood of Type II errors will be increased. 


VIF & scatterplot 


Correlations & PCA 


6 What are the 
relationships 
between Y and X? 


Y, X It is important to visualise the relationships between response and predictor 
variables in order to interpret the results of subsequent analyses, and detect 
observations that do not comply to the general pattern between two variables. 


Multipanel scatterplots 


Conditional boxplots 


7 Should interactions 
be considered? 


Y, X 


 


An interaction may arise when the effect of one factor (e.g. two different 
management measures) is different depending on the levels of another factor (e.g. 
two different substrate types). Interactions must be identified and modelled as such. 


Coplots 


8 Are observations of 
the response 
variable 
independent? 


Y As discussed in Section 8, independence of observations in time and space is an 
important assumption of most statistical techniques, violation of which may result in 
inflated Type I errors. Where present, dependence must be modelled, or the means 
of closely spaced samples analysed rather than individual observations. 


Auto-correlation 
functions & variograms 


Plot Y vs time/space 
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10.3 Statistical analyses 
 
The main analyses will depend on the monitoring type and specific objectives of the 
monitoring (e.g. analyses to identify relationships or differences between groups, which 
should have been defined before sampling design), and a wide range of additional analyses 
will also need to be carried out for general data exploration. Some techniques will be more 
appropriate for specific monitoring types, whilst some are more interchangeable. The 
following sections describe analyses for investigating patterns in multivariate community 
data (Section 10.3.1), investigating relationships and trends (Section 10.3.2), and 
investigating differences between groups (Section 10.3.3). 
 


10.3.1 Identifying patterns in multivariate community data 
 
Multivariate community analyses allow exploration of the full biotic community structure and 
offer multiple visualisation methods and tests. By using multivariate techniques, it is possible 
to retain as much information as possible from biological and environmental datasets, and to 
identify patterns which are not apparent when the data are reduced to a single metric. These 
analyses can be conducted in a number of statistical software packages, the most commonly 
used of which are PRIMER and R (vegan package).  
 
Multivariate community analyses are particularly appropriate for sentinel monitoring, where 
analysis may be more descriptive and exploratory than hypothesis-driven, especially for the 
first sampling event in a time-series. However, the range of multivariate analyses is 
extremely broad and it’s likely that each monitoring type will benefit from using these 
techniques to varying degrees. Broad groups of multivariate analyses are discussed briefly 
under the following headings, with a summary table supplied in Table 10. 
 
It should be noted that multivariate community data may require transformation (e.g. square 
root or fourth root) before some analyses are undertaken. This is to reduce the relative 
contributions of common and rare species to the overall analysis. It is also recommended 
that where multiple abiotic variables are used they should be normalised prior to analysis 
(Clarke & Warwick 2001). An absolute minimum of four replicate samples per factor level is 
required for multivariate permutational analyses, as it will not be possible to achieve a 
significance level of 0.05 with fewer. 
 
Metric generation 
 
Univariate techniques are used to condense the full benthic community dataset into a single 
metric for use in univariate analyses (see Sections 10.3.2 and 10.3.3). Commonly used 
univariate metrics include: 
 


- abundance of individuals,  
- richness (e.g. Margalef’s species richness), 
- evenness (e.g. Pielou’s evenness),  
- diversity (e.g. Simpson’s index, Shannon-Wiener index), 
- taxonomic distinctness, 
- biological traits metrics 
- multimetric indices (e.g. AMBI-IQI). 


 
Distributional techniques 
 
Distributional techniques can be used to graphically display information on patterns of 
relative species abundance without reducing that information to a single summary statistic 
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(e.g. a diversity index). These techniques typically generate a curve or histogram and 
include, but are not limited to, the following methods; 
 


 Ranked species abundance (dominance) curves provide a means of visually 
representing species richness and evenness within a sample or series of pooled 
samples. 


 


 Species accumulation curves plot the increasing number of different species 
observed as samples are successively pooled, providing an indication of whether the 
sampling effort has captured the full range of species within a community. Observed 
species curves may be plotted alongside S estimators which generate estimated 
curves of the number of species accumulated with an infinite amount of effort (see 
Chao 2005).  
 


 Abundance-Biomass Comparison (ABC) curves provide a means of assessing 
the status of populations which have been subjected to disturbance without the need 
for reference to control samples (Warwick 1986), allowing community equilibrium to 
be assessed in terms of the abundance of smaller r-selected opportunist species and 
larger K-selected species (MacArthur & Wilson 1967), the latter indicating a less 
disturbed environment. 
 


Classification techniques 
 
Cluster analysis is the most common classification technique used to identify groupings in 
community or abiotic data. Cluster analysis aims to locate groupings of samples which are 
similar to each other within a wider group of samples, through analysis of the ‘distance’ 
between sample pairs. This distance is obtained using original data or via the production of a 
similarity matrix; a matrix of scores that represent the similarity between pairs of samples 
(Clarke & Warwick 2001). 
 
Cluster analysis can be used as an exploratory tool for any monitoring type, some common 
applications are: 
 


- Identification of differences in community or substrate composition between sites 
or times. 


- Identification of groupings of biota to discern different communities (i.e. habitat or 
biotope analysis). 


- Exploration of whether control or impact sites differ in community or substrate 
composition, and whether they are therefore comparable (for investigative 
monitoring). 
 


There are many different clustering techniques, which fall into hierarchical and non-
hierarchical categories. Hierarchical techniques build a hierarchy of clusters by grouping 
samples, and then forming further groups at lower levels of similarity (either using top-down 
or bottom-up method). They do not require the number of clusters to be specified a priori, 
and instead split the data into natural groupings, generating a dendrogram which reveals the 
relationships between clusters (see Figure 23). It should be noted that various different 
algorithms can be used to generate the hierarchy (e.g. single-linkage, complete linkage, 
average linkage), and advantages and disadvantages of the different methods should be 
evaluated in the context of the specific dataset (see Duda et al 2000). Hierarchical cluster 
analysis can be simultaneously run with a Similarity Profile (SIMPROF) test; a permutation 
test of the null hypothesis that a set of samples do not differ from each other in multivariate 
structure. The test examines whether the similarities observed in the data are smaller and/or 
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larger than those expected by chance, and allows statistically significant clusters to be 
identified and displayed on the dendrogram. 
 
 


 
 
Figure 23: Example of a dendrogram produced by hierarchical clustering of macrofaunal abundance 
data from sandbank habitat, with a SIMPROF test applied at 5% significance (red lines denote 
statistically significant clusters).  


 
Non-hierarchical clustering techniques (e.g. k-means clustering, composite clustering) 
assign and reassign samples to a pre-specified number of groups to achieve maximum 
within-cluster homogeneity. The main advantage of non-hierarchical over hierarchical 
techniques is the ability to reassign data which have been incorrectly classified early in the 
hierarchy; however non-hierarchical techniques provide no information on the relationships 
between data points. 
 
Further information on cluster analysis and other classification techniques may be found in 
Duda et al (2000). 
 
Ordination techniques 
 
Ordination techniques create a ‘map’ of samples, usually in either two or three dimensions, 
in which the placement of the samples reflects the similarity of their biological communities. 
Distances between the samples correspond to dissimilarities in community structure; i.e. 
nearby points represent sampling points with similar communities, and points which are far 
apart have few species in common or the same species at very different levels of abundance 
(Clarke & Warwick 2001). 
 
Ordination techniques are commonly used to: 


• Visualise similarities and differences in; 


- community composition between samples  


- community composition between sites and times (i.e. between 
control vs impact sites, or before vs after sampling events) 


- community composition between areas of varying pressure 


• Explore which environmental variables best explain patterns in community 
composition. 
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Multi-dimensional scaling (MDS) is a group of ordination techniques allowing two-
dimensional ‘mapping’ of between-sample similarity, with an associated 2D stress coefficient 
which indicates how accurately the multidimensional community structure is represented in 
two dimensions (see Clarke 1993). In addition to visualisation of relationships between 
samples, MDS plots allow factorial and continuous variables to be superimposed onto the 
ordination to identify variables which have influenced patterns of distribution and cluster 
groupings. In addition to the groupings generated through cluster analysis, additional factors 
can be created for categorical variables, such as site, habitat type, sediment content (e.g. 
see Figure 24), sampling period, sampling equipment, and abrasion pressure category. 
Continuous variables such as sediment components, organic matter, contaminants or 
individual taxa can be displayed as 2-D bubbles of varying size. 
 


 
Figure 24: MDS ordination of macrofaunal community abundance data from sandbank habitat, 
overlain with gravel content classes. 


 
Principal components analysis (PCA) (Chatfield & Collins 1980) is an ordination technique 
which can be used for various purposes, but is primarily used to explore variance within 
datasets based on sample dissimilarity, to highlight relationships between groups of 
variables, and to reduce large numbers of variables into a smaller number (principal 
components) by combining those that are highly correlated. This ordination method uses 
Euclidean distance, and is more suited to analysis of normalised environmental data than to 
biological community data. PCA ordinations generate a two-dimensional plot, displaying 
relative sample dissimilarity along the primary and secondary principal component axes, and 
eigenvectors which indicate the direction and strength of correlations between variables. 
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Exploratory techniques  
 
Various exploratory analyses can aid interpretation of the groupings and patterns identified 
by classification and ordination techniques, including; 
 
Similarity Percentages (SIMPER) analysis, which calculates within-group similarity, and 
identifies the most influential taxa within each by ranking average abundances and similarity 
contributions. The routine also allows pairwise comparison of clusters and other factors (e.g. 
broadscale habitat, year), by calculating the average group dissimilarity, and identifying the 
taxa which contribute the most to inter-group dissimilarity. In some cases, this routine may 
be effective for the identification of potential indicator species. 
 
BIO-ENV analysis (also referred to as BEST analysis when combined with the BV-STEP 
stepwise selection procedure) finds the ‘best’ match between patterns in biological 
communities and associated environmental variables by exploring different variable 
combinations and ranking the best combinations according to their correlation coefficients.  
 
Linkage trees (e.g. LINKTREE) can be used to explore how the ‘best’ variables identified 
through BIOENV analysis relate to groupings identified through cluster analysis, generating 
a dendrogram which shows which variables best explain splits. 
 
Hypothesis testing 
 
Hypothesis testing of multivariate data uses permutational methods, allowing the user to: 
 


• Identify statistically significant differences in community composition between two or 
more groups, based on one or more factors (categorical predictor variables), 


• Identify statistically significant linear relationships between community structure and 
continuous environmental predictor variables. 


 
The Analysis of Similarity (ANOSIM) routine tests the null hypothesis that there are no 
differences between groups of samples, specified by levels of a single factor by ranking 
dissimilarity.  
 
PERMANOVA (permutation-based MANOVA) has a similar function to the ANOSIM test, 
however, PERMANOVA uses distance measures (Bray-Curtis coefficients or Euclidean 
distance) rather than ranking to preserve information. This versatile test can handle complex, 
unbalanced designs including those with multiple factors, fixed factors (where all categories 
of the factor have been sampled) and random factors (where the levels of the factor have 
been randomly sampled from a wider ‘population’), interaction terms and covariates. When 
used with multivariate data, the test uses permutations to make it distribution-free. However, 
when used with univariate data the test gives the same value as a traditional parametric F 
statistic, provided a Euclidean distance matrix has been calculated and the data are normally 
distributed (Anderson 2001). 
 
Distance-based linear modelling (DistLM) offers a non-parametric approach to standard 
linear models. This analysis models the relationship between multivariate community data 
and one or more predictor variables, with various options for model selection. As with many 
other multivariate methods, it uses permutations and is based on a resemblance matrix.  
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Recommended reading: 
 
ANDERSON, M.J. 2001. A new method for non-parametric multivariate analysis of 
variance. Austral Ecology, 24, 32-46. 
 
ANDERSON, T.W. 2003. An introduction to multivariate statistical analysis, 3rd Edition. 
Wiley. 
 
CLARKE, K.R. 1993. Non-parametric multivariate analyses of changes in community 
structure. Australian Journal of Ecology, 18, 117-143. 
 
CLARKE, K.R. & WARWICK, R.M. 2001. Change in marine communities: an approach 
to statistical analysis and interpretation. 2nd Edition. PRIMER-E, Plymouth. 
 
DUDA, R.O., HART, P.E. & STORK, D.G. 2000. Pattern Classification, 2nd Edition. Wiley 
Interscience.  
 
TABACHNICK, B.G. & FIDELL. L.S. 2013. Using multivariate statistics. Pearson 
Education Limited. 
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Table 10. Statistical analyses for investigating patterns in multivariate community data. 


Analytical Objective Type Analysis Outputs Analysis Description 


Summarise community 
characteristics in a single 
metric.  


 


Univariate measures Univariate 
metrics 


Compute a variety of biodiversity metrics for univariate 
analysis, 


e.g. Simpson’s diversity index, Margalef’s richness, Pielou’s 
evenness)  


Explore distributions 
within community data. 


Distributional  


(examples) 


 


Dominance plots Graph Species are ranked in decreasing order of a specified metric, 
e.g. abundance, biomass, % cover, or other biotic measure. 


Species accumulation 
curves 


Graph Plot the increasing number of different species observed as 
samples are successively pooled against S estimators, 
indicating whether sampling effort has been sufficient to 
capture the full range of species within a community. 


Abundance-Biomass 
Comparison (ABC) curves 


Graph This allows community equilibrium to be assessed in terms of 
the abundance of smaller r-selected opportunist species, which 
may indicate a disturbed environment. 


Visualise similarities and 
differences in community 
composition between 
samples. 


Ordination  


 


Multi-dimensional Scaling 
(MDS) 


Plot MDS ordination allows two-dimensional ‘mapping’ of inter-
sample similarity, with an associated stress coefficient 
indicating how accurately the multidimensional community 
structure is represented in two dimensions. The resultant ‘map’ 
can be overlain with factor symbols (e.g. clusters, sediment 
types, years) or with 2-D bubbles for continuous variables. 


Understand relationships 
within a set of variables 
and convert a set of 
observations into a set of 
values of uncorrelated 
variables (principal 
components). 


Principal Components 
Analysis (PCA) 


Plot & 
principal 
components 


PCA is primarily used to explore variance within datasets 
based on sample dissimilarity, to highlight relationships 
between groups of variables, and to reduce large numbers of 
variables into a smaller number (principal components) by 
combining those that are highly correlated. It is most suited to 
analysis of environmental as opposed to biological data. 


Identify groups within a 
dataset, based on 
similarities in community 
composition. 


Classification Cluster analysis  


(e.g. hierarchical cluster 
analysis, k-means 
clustering) 


Cluster 
groups and 
plots/dendro
grams 


Cluster analyses identify ‘natural groupings’ of samples which 
are similar to each other within a wider group of samples 
through analysis of the similarity coefficients of sample pairs.  







Monitoring guidance for marine benthic habitats 


87 
 


Analytical Objective Type Analysis Outputs Analysis Description 


Identify whether 
differences between 
hierarchical clusters are 
statistically significant. 


Hypothesis 
test 


Similarity Profile analysis  


SIMPROF: PRIMER 


clustsig (vegan): R 


Pi statistic & 
p-value 


SIMPROF is a permutation test of the null hypothesis that a set 
of samples do not differ from each other in multivariate 
structure. The test allows statistically significant hierarchical 
clusters to be identified and displayed on a dendrogram. 


Identify which species are 
responsible for sample 
groupings (i.e. clusters), 
and how much they 
contribute to cluster 
dissimilarity. 


Exploration Similarity Percentages  


SIMPER: PRIMER 


simper (vegan): R 


Ranked 
species list 
and % 
contribution 
for each 
cluster 


SIMPER analysis calculates within-cluster similarity to identify 
the most influential taxa within each cluster and calculate the 
percentage contribution to within-cluster dissimilarity. The 
output also provides percentage dissimilarity between clusters. 


Identify which predictor 
variable/s best explain 
assemblage structure. 


Exploration BEST analysis (BIO-ENV & 
BV-STEP): PRIMER 


bioenv (vegan): R 


Rho statistic 
& histogram 


 


These routines find the ‘best’ match between multivariate 
assemblage patterns and all associated environmental 
variables. Correlation coefficients are ranked for each 
combination of variables. 


Identify how ‘best’ 
predictor variables affect 
community group splits 
(e.g. clusters). 


Exploration Linkage tree 


LINKTREE: PRIMER 


Tree diagram 
& R statistics 


Linkage trees use take the combination of variables identified 
as ‘best’ at explaining assemblage patterns, and use them to 
describe how assemblage samples are split into groups. 


Model the relationship 
between community data 
and one or more predictor 
variables. 


Hypothesis 
test 


Distance-based linear 
modelling 


DistLM: PRIMER 
dbglm: R 


Pseudo-F 
statistic &  


p-value 


Models the relationship between a multivariate data ‘cloud’ and 
one or more predictor variables with various options for model 
selection. The model is based on a resemblance matrix and 
uses permutations.  


Identify whether 
differences exist between 
pre-defined groups of 
assemblage samples. 


Hypothesis 
test 


Analysis of Similarity 


ANOSIM: PRIMER 


anosim (vegan): R 


R-statistic & 
p-value 


ANOSIM is broadly analogous to a univariate one or two-way 
ANOVA, and tests the null hypothesis that there are no 
community differences between groups of samples, based on 
ranked dissimilarity. It is essential that groups are pre-defined 
and not generated by cluster analysis (Clarke & Gorley 2006). 


Permutational MANOVA 


PERMANOVA: PRIMER 


R: adonis (vegan) 


Pseudo-F & 
p-value 


Permutational analogue to multivariate ANOVA (but can also 
be used for univariate data as a more robust alternative to 
ANOSIM. Allows for more complex designs, inclusion of 
multiple factors, fixed or random factors, interaction terms and 
covariates, and unbalanced designs. 
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10.3.2 Identifying relationships and trends 
 
Analyses to identify relationships and trends are most relevant to operational monitoring, 
where the relationship between a pressure and indicator state is under investigation, and 
sentinel monitoring to identify long-term trends where a substantial time-series exists. 
Relationship and trend analyses will also be used for single-event sentinel and investigative 
monitoring datasets to explore relationships between indicators and environmental variables 
(e.g. sediment composition, organic matter content). Various options for modelling linear and 
non-linear relationships are provided below, and are summarised in Table 11. 
 
Parametric and non-parametric correlation coefficients (e.g. Pearson’s correlation, 
Spearman’s rank and Kendall’s Tau) indicate the degree to which two variables are 
correlated. Causation cannot be implied from these correlations, as the relationship 
observed may be driven by either or neither of the variables included. Correlations are 
generally best applied in the exploration phase, to identify relationships between covariates.  
 
Regression models identify whether a relationship exists between a response variable and 
one or more predictor variables, where the relationship is caused by the predictor/s. Simple 
linear regression (one response, one predictor) and multiple regression models (one 
response, >one predictor) make the assumption that errors follow a normal distribution. In 
reality this assumption is frequently violated by ecological data; for example, count data 
typically follow a Poisson distribution. Generalized linear models (GLMs), are a more 
flexible alternative and allow modelling of a variety of distributions by introduction of link and 
variance functions. GLMs are used to model various different types of ecological data with 
different distributions, including random count data (Poisson distribution), clustered count 
data (Negative binomial distribution), and binary distributions such as presence / absence 
(Binomial). 


Generalized linear models can be limited in their ability to deal with ecological data. If the 
assumptions of generalized linear models (e.g. a linear relationship between the response 
variable and linear predictor, independence between response variables) are violated it may 
be necessary to use a different and more complex approach. Generalized Additive Models 
(GAMs) (Hastie & Tibshirani 1986) are extensions of GLMs which allow the covariates to 
vary smoothly rather than linearly or in factor groups. GAMs apply smoothing functions to 
capture patterns in non-linear relationships and show them using smoothed curves. 
Generalized Linear Mixed Modelling (GLMM) can be used to model data where spatial 
and/or temporal autocorrelation is present. 
 


Recommended reading: 
 
DOBSON, A.J. & BARNETT, A. 2008. An introduction to Generalized Linear Models. 
Chapman & Hall/CRC. 
 
FARAWAY, J.J. 2009. Linear models with R. Chapman & Hall/CRC. 
 
FARAWAY, J.J. 2006. Extending the linear model with R. Chapman & Hall/CRC. 
 
WOOD, S. 2006. Generalized Additive Models: An introduction with R. Chapman & 
Hall/CRC Texts in Statistical Science. 
 
ZUUR, A.F., IENO, E.N., WALKER, N.J., SAVELIEV, A.A. & SMITH, G.M. 2009. Mixed 
effects models and extensions in R. Springer. 
 
 
 







Monitoring guidance for marine benthic habitats 


 


89 


Table 11. Statistical analyses for investigating relationships and trends. 


Analytical objective What type of 
response 
(indicator) data? 


How many 
predictor 
variables? 


What type 
of 
predictor 
variable? 


Do response data 
meet simple 
regression 
assumptions? 


Recommended Tests or Models 


Identify whether a relationship exists 
between the indicator and another variable. 


Continuous 1 Continuous
/Discrete 


Yes Pearson’s correlation (where relationship is 
linear) 


Discrete 


Continuous  
1 No Spearman’s Rank correlation (& Spearman’s 


rho) or Man-Kendall test (& Kendal’s Tau) 
(where relationship is monotonic) 


Identify whether predictor variable/s have a 
causative relationship with the response 
variable. 


Continuous 1 Continuous 
/ Discrete 


Yes Simple linear regression 


>1 Yes Multiple regression 


Identify whether predictor variable/s have a 
causative relationship with a response 
variable which is not normally distributed. 


Continuous 


Discrete  


Bernoulli (i.e. 0,1) 


≥1 Continuous 
/ Discrete 


No Generalized Linear Model (GLM) with 
different link functions for various 
distributions (e.g. Poisson, Negative 
Binomial, Gamma, Gaussian, Binomial) 


Display patterns where the relationships 
between predictor and response variables 
are non-linear. 


Continuous 


Discrete  


Bernoulli (i.e. 0,1) 


≥1 Continuous 
/ Discrete 


No Generalized Additive Model (GAM) 


Identify whether predictor variable/s have a 
causative relationship where random 
effects are present, or where dependency 
is present in the response variable. 


Continuous  


Discrete 


Bernoulli (i.e. 0,1) 


≥1 Continuous 
/ Discrete 


No Generalized Linear Mixed Model (GLMM) 


Identify whether predictor variable/s have a 
causative relationship with the response 
variable where the same subjects (e.g. 
individuals within fixed plots) have been 
measured repeatedly. 


Continuous  


Discrete 


Bernoulli (i.e. 0,1) 


≥1 Continuous 
/ Discrete 


No Repeated Measures Generalized Linear 
Model (GLM) 
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10.3.3 Identifying differences between groups  
 
Analyses which identify differences between groups are most likely to be used for 
investigative monitoring to identify the effect of management measures or a manipulation, by 
comparison of control and impact sites before and after the event. These types of analyses 
are also appropriate for sentinel monitoring where different strata have been sampled (i.e. 
substrate types or pressure categories), or when the number of sampling events is not 
sufficient to conduct time-series trend analysis. Commonly used analyses are summarised 
below and in Table 13.  
 
Differences between groups are determined using linear models (as described in Section 
10.3.2), where one or more predictors are categorical (factors), and continuous and discrete 
predictors may be added to improve the fit of the model. 
 
Where parametric assumptions are met, the independent T-test can be used to identify 
whether a statistically significant difference exists between two groups of a single factor, for 
example: 
 


- Control vs Impact (factor = treatment) 
- Before vs After (factor = time) 
- sand vs mud (factor = sediment type) 
- high vs low pressure (factor = pressure category) 
- area 1 vs area 2 (factor = area) 


 
One-way analysis of variance (ANOVA) is used to identify whether statistically significant 
differences exist in a single response variable between two or more groups of a single factor.  
 
Examples of the use of one-way ANOVA are: 
 


- sand vs mud vs mixed sediment (factor = sediment type) 
- high vs low vs moderate pressure (factor = pressure category) 
- area 1 vs area 2 vs area 3 (factor = area) 


 
Two-way ANOVA adds an extra factor to the standard ANOVA model, enabling 
measurement of interaction effects in BACI designs; in effect determining whether the 
‘impact’ group changes differently to the ‘control’ group between the ‘before’ and ‘after’ 
events. The basic two-way ANOVA can be adapted to accommodate the addition of more 
control sites and sampling events by specifying fixed and random effects in the model. 
Schwartz (2015) suggests four BACI models, including BACIPS and Beyond BACI designs, 
which are presented in Table 12. 
 
Where data do not meet parametric assumptions, rank-sum tests such as the Mann-
Whitney U-test (two groups in a single factor) or the Kruskal-Wallis test (more than two 
groups in a single factor) can be used. These tests do not require the data to be fitted to a 
distribution, but they also do not allow for addition of an additional factor, and therefore 
interaction terms cannot be modelled (with the exception of the Friedman test, which can be 
used for blocking factors). Where the data correspond to a distribution such as Poisson, 
Negative Binomial or Binomial, Generalized Linear Models (GLM) can be used, and extra 
random or fixed factors can be added as predictors using a Generalized Linear Mixed 
Model (GLMM). 
 
Where the same individuals have been measured repeatedly over time (e.g. coral density 
within a fixed plot), a repeated measures analysis should be used (see Table 13).  
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Table 12. Four two-way ANOVA models for analysis of BACI data with fixed and random effects 
(adapted from Schwartz 2015). 


BACI Design Number of sampling sites Analysis Model 


(R = random effect) 
Before After Control Impact 


Simple BACI 1 1 1 1 Two-way ANOVA 
(fully randomised) 


Impact 


Time 


Impact*Time 


BACI with 
multiple 
control sites 


1 1 >1 1 Two-way mixed 
effects ANOVA 


Impact 


Site (R) 


Time 


Impact*Time 


Site*Time (R) 


BACIPS >1 >1 1 1 Two-way mixed 
effects ANOVA 


Impact 


Time 


Impact*Time 


SampleTime (R) 


Beyond BACI >1 >1 >1 1 Two-way mixed 
effects ANOVA 


Impact 


Time 


Impact*Time 


SampleTime (R) 


R = random effect, Impact = control vs impact effect, Time = before vs after effect, Site = control sites, 
SampleTime = sampling event  


 


Recommended reading: 
 
FARAWAY, J.J. 2009. Linear models with R. Chapman & Hall/CRC. 
 
RUTHERFORD, A. 2011. ANOVA and ANCOVA: A GLM approach (2nd Ed). Wiley & 
Sons. 
 
SCHWARTZ, C.J. 2015. Analysis of BACI experiments. In Course Notes for Beginning 
and Intermediate Statistics. Available at http://www.stat.sfu.ca/~cschwarz/CourseNotes. 
Retrieved 2015-11-23. 
 
 



http://www.stat.sfu.ca/~cschwarz/CourseNotes.%20Retrieved%202015-11-23

http://www.stat.sfu.ca/~cschwarz/CourseNotes.%20Retrieved%202015-11-23
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Table 13. Statistical analyses for investigating differences between groups. 


Analytical objective What type of 
response 
(indicator) 
data? 


How 
many 
factors? 


Number 
of 
groups 
in 
factor/s 


Do the 
response data 
meet 
parametric 
assumptions? 


Recommended Tests / Models Recommended Tests / Models 
for repeated measures design*  


Identify differences 
between groups or 
treatments. 


Continuous 


Discrete  


Ordinal 


1 2 No Mann-Whitney U test  Wilcoxon Matched Pairs test 


1 >2 No Kruskal-Wallis test  Friedman test (can also be used 
for 2 factors)  


≥1 ≥2 No Generalized Linear Model / 
Generalized Linear Mixed Model 
(fixed and random effects) 


Repeated Measures GLM / 
GLMM 


Continuous 


 


1 2 Yes Independent t-test Paired T-test 


1 >2 Yes One-way ANOVA One-way Repeated Measures 
ANOVA 


2 >2 Yes Two-way ANOVA  Factorial Repeated-Measures 
ANOVA 


* Repeated measures designs involve taking successive measures at the exact same sampling locations or of the same individuals.
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10.4 Summary of key points and recommendations 


 
 
 


  


Section 10: Conducting statistical analyses 


Key Points: 


• It is essential that data are thoroughly explored prior to analysis. This stage 
improves understanding of the data and allows identification of potential issues 
which could influence the outcome of the analysis. 


• Statistical analyses have been broadly classed into three groups: 


- identifying patterns in multivariate community data; 


- identifying relationships and trends; 


- identifying differences between groups. 


Recommendations: 


• The protocol presented by Zuur et al (2010) provides a framework by which to 
conduct data exploration (Table 9). 


• Statistical analyses from all three groups can be used for each monitoring type. 
Some techniques will be more appropriate for specific monitoring types, whilst 
some are more interchangeable.  


• Multivariate community analyses are particularly appropriate for sentinel 
monitoring, where analysis may be more descriptive and exploratory than 
hypothesis-driven, especially for the first sampling event in a time series. Table 
10 summarises the attributes of multivariate community analyses. 


• Analyses which identify relationships and trends are most relevant to 
operational monitoring, and sentinel monitoring where a substantial time-series 
exists. Relationship and trend analyses may also be used for single-event 
sentinel and investigative monitoring datasets to explore relationships between 
indicators and environmental variables. Table 11 summarises the characteristics 
of commonly used tests. 


• Analyses which identify differences between groups are most likely to be used 
for investigative monitoring, to identify whether management measures have 
been effective. This group of analyses is also appropriate for sentinel monitoring 
where different strata have been sampled or when the number of sampling 
events is not sufficient to conduct trend analysis. Common tests for differences 
between groups are summarised in Table 13. 
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Annex I: Sources of existing UK data 


Data Source Description Link 


UK Government open data 
portal 


Online repository for data published by government departments and agencies, 
public bodies and local authorities. Includes a wide range of marine datasets 
from organisations such as Environment Agency, JNCC, Cefas, Environment 
Agency, Natural England, UK Hydrographic Office, British Geological Survey. 


https://data.gov.uk/ 
 


Marine Recorder & 
Snapshot 


Database application used by JNCC, SNCBs and other organisations to store 
marine benthic sample data, such as species, physical attributes and biotopes. 
Marine Recorder is fully compatible with the National Biodiversity Network 
(NBN) data model. Data extracted from a Marine Recorder database into a 
queryable format is known as a Marine Recorder Snapshot. 


http://jncc.defra.gov.uk/page-1599 


Statutory Nature 
Conservation Body (SNCB) 
Interactive Mapping Portals  


Spatial datasets can be downloaded from various online portals maintained by 
UK SNCBs:  


 


United Kingdom: JNCC Interactive Map of Marine Protected Areas http://jncc.defra.gov.uk/page-5201 


Great Britain: MAGIC mapper http://magic.defra.gov.uk/ 


Scotland: National Marine Plan Interactive http://www.gov.scot/Topics/marine/seama
nagement/nmpihome 


Wales: Wales Marine Planning Portal  
Lle Geo-Portal 


http://lle.gov.wales/apps/marineportal/ 
http://lle.gov.wales/home?lang=en 


National Biodiversity 
Network (NBN) Gateway 


Database and interactive mapping tool collating and making accessible 
information stored by the Biological Records Centre (BRC). The Gateway 
provides access to >100 million terrestrial, freshwater and marine species 
records from >100 data providers. 


https://data.nbn.org.uk/ 
 


UK Directory of the Marine-
observing Systems 
(UKDMOS) 


Searchable meta-database holding information on marine monitoring 
programmes across a range of more than 45 organisations and is maintained 
and updated by MEDIN, with data being stored by MEDIN Data Archive 
Centres (DACs). 


http://www.ukdmos.org/v_ukdmos_edios_
v2/search.asp 
 


European Marine 
Observation and Data 
Network (EMODnet) portal 


The portal provides substrate maps, habitat maps, bathymetry data and a 
range of other biological, geological and physical parameters for western 
European waters. 


http://emodnet.eu 


British Geological Survey 
(BGS) Offshore GeoIndex   


Application providing access to geological data, including sediment sample 
data. 


http://www.bgs.ac.uk/GeoIndex/home.htm
l 


The National Network of 
Regional Coastal 
Monitoring Programmes 


The Network consists of six regional monitoring programmes which collect and 
distribute data to underpin evidence-based decisions regarding flood and 
coastal erosion risk management. Provides open access to aerial photography, 


http://www.channelcoast.org/ 


 



https://data.gov.uk/

http://jncc.defra.gov.uk/page-1599

http://jncc.defra.gov.uk/page-5201

http://magic.defra.gov.uk/

http://www.gov.scot/Topics/marine/seamanagement/nmpihome

http://www.gov.scot/Topics/marine/seamanagement/nmpihome

http://lle.gov.wales/apps/marineportal/

http://lle.gov.wales/home?lang=en

https://data.nbn.org.uk/

http://www.ukdmos.org/v_ukdmos_edios_v2/search.asp

http://www.ukdmos.org/v_ukdmos_edios_v2/search.asp

http://emodnet.eu/

http://www.bgs.ac.uk/GeoIndex/home.html

http://www.bgs.ac.uk/GeoIndex/home.html

http://www.channelcoast.org/
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Data Source Description Link 


swath bathymetry and other coastal data such as Digital Terrain Models and 
sediment distribution maps 


Crown Estate Marine Data 
Exchange 


The exchange provides access to survey data and reports collated during the 
planning, building and operating of offshore renewable energy projects. 


http://www.marinedataexchange.co.uk 


UK Oil & Gas Data Information on oil and gas exploration and development licenses https://www.ukoilandgasdata.com/dp/cont
roller 


UK Benthos The UK Benthos database and desktop application are available on the Oil & 
Gas UK (formerly UKOOA) website, and holds biological and physico-chemical 
data from >600 baseline and monitoring surveys within the UK Exclusive 
Economic Zone (EEZ). 


http://www.oilandgasuk.co.uk/knowledgec
entre/uk_benthos_database.cfm 


Strategic Environmental 
Assessment (SEA) data 
portal 


Data portal administered by BGS, which provides access to a wide range of 
environmental data acquired and collated to inform SEAs. 


http://www.bgs.ac.uk/data/sea/home.html 


Marine Aggregate Regional 
Environmental Assessment 
(REA) document repository 


Data portal providing the results of REAs conducted to describe the baseline 
environmental characteristics in aggregate licensed areas, and evaluate the 
potential cumulative and in-combination effects of existing and planned 
dredging operations. 


http://www.marine-aggregate-rea.info/ 


 



http://www.marinedataexchange.co.uk/

https://www.ukoilandgasdata.com/dp/controller/PLEASE_LOGIN_PAGE

https://www.ukoilandgasdata.com/dp/controller/PLEASE_LOGIN_PAGE

http://www.oilandgasuk.co.uk/knowledgecentre/uk_benthos_database.cfm

http://www.oilandgasuk.co.uk/knowledgecentre/uk_benthos_database.cfm

http://www.bgs.ac.uk/data/sea/home.html

http://www.marine-aggregate-rea.info/
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Annex II: Abbreviations and Glossary 
 


Abbreviations 
 
ABC  Abundance-Biomass Comparison 
ANOSIM Analysis of Similarity 
ANOVA Analysis of Variance 
BA  Before-After design 
BACI  Before-After-Control-Impact design 
BACIPS Before-After-Control-Impact Paired Series design 
BGS  British Geological Survey 
BRC  Biological Records Centre 
BTA  Biological Traits Analysis 
CEM  Conceptual Ecological Model 
CI  Control-Impact design 
DAC  Data Archive Centres 
EEZ  Exclusive Economic Zone 
ES  Effect size 
EMODnet European Marine Observation and Data Network 
GAM  Generalized Additive Model 
GES  Good Environmental Status 
GIS  Geographical Information System 
GLM  Generalized Linear Model 
GLMM  Generalized Linear Mixed Model 
HBDSEG Healthy and Biologically Diverse Seas Evidence Group 
ICES  International Council for the Exploration of the Sea 
ISO International Organisation for Standardization 
JNCC  Joint Nature Conservation Committee 
LIDAR  Light Detection and Ranging 
MANOVA Multivariate Analysis of Variance 
MCZ  Marine Conservation Zone 
MDAC  Methane-Derived Authigenic Carbonate 
MDS  Multidimensional Scaling 
MEDIN  Marine Environmental Data and Information Network 
MESH  Mapping European Seabed Habitats 
MPA  Marine Protected Area 
MSFD  Marine Strategy Framework Directive 
NCMPA Nature Conservation Marine Protected Area 
NGO  Non-Governmental Organisation 
NMBAQC National Marine Biological Analytical Quality Control Scheme 
OSPAR Oslo-Paris Convention 
PCA  Principal Components Analysis 
PERMANOVA Permutation-based ANOVA 
PRIMER Plymouth Routines in Multivariate Ecological Research 
PSD  Particle Size Distribution 
R&D  Research and Development 
ROG  Recommended Operational Guidelines 
SAC  Special Area of Conservation 
SCI  Site of Community Importance 
SEA  Strategic Environmental Assessment 
SIC  Site Information Centre 
SIMPER Similarity Percentages analysis 
SIMPROF Similarity Profile analysis 
SNCB  Statutory Nature Conservation Body 
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SPUE  Sightings-per-unit-effort 
UKMBMP UK Marine Biodiversity Monitoring Programme 
UKDMOS UK Directory of the Marine-Observing Systems 
UKMMAS UK Marine Monitoring and Assessment Strategy 
VMS  Vessel Monitoring System 
WFD  Water Framework Directive 
 
 


Glossary  


Accuracy The closeness of a measurement or estimate to the true value of the 
population, as related to the bias and precision of the measurement. 


Bias  The difference between a measured (sample) population mean and an 
accepted true population value. 


Dependence A condition in which two random variables, or sampling units, are not 
independent of each other (i.e. the occurrence of one affects the 
other). 


Effect size (ES) The magnitude of an effect on a response variable. 


Experimental unit One member of a set of objects (e.g. discrete sampling areas) that are 
initially equivalent, with each object then subjected to 
experimental treatments. 


Factor An explanatory (predictor) variable which has two or more levels (or 
categories). 


Independence A condition in which two random variables, or sampling units, are 
independent of each other (i.e. the occurrence of one does not affect 
the other). 


Indicator ‘…any measurable feature or condition of the marine 
environment that is relevant to the stability and integrity of 
habitats and communities, the sustainability of ecosystem 
goods and services (e.g. primary productivity, maintenance of 
food chains, nutrient cycling, biodiversity), the quality and 
safety of seafood, and the status of amenities of socio-
economic importance.’  (OSPAR 2012). 


Inference  The process of deducing properties of an underlying population by 
analysis of sample data.  


Inshore The area of sea and seabed between the mean high-water spring tide, 
and 12 nautical miles from the mean high-water spring tide. 


Interaction The presence of a significant interaction indicates that the effect of 
one predictor variable on the response variable is different at different 
levels of the other predictor variable. 


Investigative   Monitoring to investigate the cause of change. This type of monitoring 
monitoring  is conducted to determine management needs and effectiveness, and  
   includes manipulative experiments. 


Judgement sampling A type of non-random sampling that is designed based on the opinion 
of an expert. 


Monitoring An activity by which evidence necessary to meet the aims of the 
monitoring programme is collected (UKMBMP definition, Kröger & 
Johnston 2016). 
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Noise   Unexplained variation or randomness in a dataset. 


Observation  The value of a variable taken from a specific sampling unit. 


Operational  Monitoring to measure state and relate observed change to possible 
monitoring causes, through investigation of pressure-state relationships. 
 
Offshore The area of sea and seabed between 12 nautical miles from the mean 


high-water spring tide and the limit of the Exclusive Economic Zone. 


Population A collection of elements, objects or organisms of interest, to which the 
findings of a study are extrapolated. 


Power (1-β) The probability that a test will reject the null hypothesis when it is 
false. Power is inversely related to β, or the probability of making a 
Type II error.  


Power analysis A technique used to calculate the sample size needed to detect a 
given effect size (ES), where the degree of variance is predicted, and 
levels of power (1-β) and significance (α) are specified. 


Precision  The degree of concordance among a number of measurements or 
estimates for the same population, precision is reflected by the 
variability of an estimate. 


Predictor variable An independent variable that represents causes of variation in the 
response variable. 


Pressure  An adverse environmental effect caused by human activities. 


Pressure unit A standardised experimental unit within which the intensity of a 
specific pressure is known. 


Response variable A variable of interest in monitoring, i.e. an indicator metric, which may 
be affected by predictor variables. Also referred to as the dependent 
variable. 


Sample (N) A part of a population, or subset from a set of sampling units, about 
which generalised conclusions can be drawn about the population by 
inference.  


Sampling unit A sampling unit is one of the units into which an aggregate (i.e. a 
population) is divided for the purpose of sampling, each unit being 
regarded as individual and indivisible when the selection is made. 


Sentinel monitoring  Monitoring to measure the rate and direction of long-term change. 


Serial correlation The relationship between a given variable and itself over various time 
intervals. Also referred to as temporal autocorrelation. 


Significance level (α) The probability of rejecting the null hypothesis when it is true, or of 
committing a Type I error. 


Simple random A method of sampling design where sampling points are randomly  
sampling distributed within a survey area. 


Spatial   The positive or negative correlation of a variable with itself through  
autocorrelation space. 


Strata The divisions into which a population can be separated to increase 
precision in a sampling design, e.g. different habitat types. 


Stratified random A method of sampling design where sampling points are randomly  
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sampling distributed within strata representing different environmental 
conditions. 


Systematic   A method of sampling design where sampling points are distributed 
sampling  using a fixed periodic interval. 


Treatment  A combination of different factor levels in an experiment. 


Type I error The incorrect rejection of the null hypothesis when it is true (a false 
positive). 


Type II error The incorrect acceptance of the null hypothesis when it is false (a 
false negative). 


Variance ()  The distribution of data around their mean value. 
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Natural England and JNCC joint Technical Guidance Note. 


 Providing management advice on MPA features – guidance on using feature data for 


the purposes of fisheries management including the use of buffers and margins  


 


4th November 2016 


 


1. Purpose of this guidance   


This guidance is primarily designed to provide support and clarity for fisheries casework 


advice. It will be reflected in new Conservation Advice packages ensuring consistency in 


advice provision; it is also designed to support regulators (Defra, the Marine Management 


Organisation and the Inshore Fisheries and Conservation Authorities). It seeks to underpin 


advice on how best to manage features where there is habitat heterogeneity or, conversely, 


uncertainty in the extent of feature distribution.  


This paper outlines the sequential process of how these issues have been addressed:  


• Firstly, briefly describing how feature presence and extent data are gathered and 


used; 


• Secondly, describing how issues such as habitat heterogeneity or spatial and 


temporal uncertainty of features can be addressed by Statutory Nature Conservation 


Bodies (SNCBs) to better inform fisheries management. In some instances the 


mapped areas proposed for feature protection may be augmented with a margin, to 


reduce the risk of not achieving the conservation objectives due to uncertainty in 


feature extent. Margins are added by SNCBs as part of their conservation advice.  


• Thirdly, providing an explanation of how buffers are determined and could be 


applied by regulators to existing feature presence and extent information to reduce 


the risk of damage to qualifying features from fishing gears.  


 


2. The process for using data to underpin feature presence and extent; application of 


margins and buffers 


 


2.1. Step 1: Protected features and the evidence which underpins them 


Evidence is typically generated through a range of techniques, including collection of 


acoustic data, and ground truthing methods such as seabed video/photo imagery, grabs, 


cores, trawls and dredge surveys. These techniques vary in their potential for accurately 


defining spatial coverage and resolution; in addition the feature extent is often defined using 


multiple layers of data. For example feature data may comprise point data which indicates 


the presence of a feature but not its extent, or derived from predictive habitat maps / 


modelled habitat maps derived from a mix of from acoustic survey data and ground truth 


data.  
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Data underpinning each protected feature of an MPA has been provided directly to 


regulators for offshore sites; for inshore sites these are available online via MAGIC1. These 


data show the best available evidence for the presence and extent of the following:  


• Protected features for designated Annex I habitats in marine Special Areas of 


Conservation; 


• Supporting habitats for bird species protected in marine Special Protection Areas; 


• Protected features and supporting habitats for designated RAMSAR features;  


• Protected features in Marine Conservation Zones.  


 


Due to the spatial scale and resolution of data underpinning protected features, defining 


feature extent for the purposes of advising on fisheries management may present a 


challenge. Section 2 provides some examples and describes how these issues may be 


addressed by SNCBs.   


 


2.2. Step 2: Using feature data for fisheries management purposes: accounting for 


feature heterogeneity/mosaics, and spatial/temporal uncertainty   


There are a number of factors for SNCBs to consider when using feature data for fisheries 


management purposes, depending on its spatial and temporal scale. 


 


(i) Accounting for feature heterogeneity/mosaics 


Considering the tendency for patchiness in sedimentary feature distribution across large 


tracts of the UK continental shelf (i.e. mix of muds-sands-gravels), it is possible to have high 


confidence in the presence and extent of a feature within a site but such heterogeneity can 


present challenges when attempting to define areas for feature-specific management. To 


overcome this problem, it is recommended that the area to be managed is defined from the 


perspective of managing the risk to achieving the site’s conservation objectives. For 


example, where a regulator is minded to remove such risk, the management boundary would 


be drawn to include the entire habitat mosaic in instances where the protected feature 


occurs as part of that mosaic. Where risk is being reduced, but not removed entirely, the 


management boundary could be drawn to capture a proportion of the mosaic. 


 


(ii) Accounting for spatial/temporal uncertainty  


In some instances, the precise location of a feature may be uncertain. Examples of such 


cases and how this might be dealt with include: 


• The use of point and modelled polygon data – in some sites evidence for feature 


presence and extent is based on point record data (e.g. seabed imagery/grab 


sampling) or modelled polygon data (e.g. sandbank delineation). Due to the nature of 


point based sampling, it typically yields high resolution but low spatial coverage 


datasets. In such cases it can prove difficult to extrapolate the extent of feature 


distribution with high confidence. When using modelled polygon data, the 


                                                           
1 http://magic.defra.gov.uk/home.htm The MAGIC website provides geographic information about the natural 


environment from across government.  



http://magic.defra.gov.uk/home.htm





 


3 
 


topographic methodologies used may give rise to some uncertainty in delineation of 


the features. Therefore, in both of these cases, the application of a margin may be 


appropriate to reduce the risk of impact on unmapped (and unknown) feature within 


the Marine Protected Area.                 


• Dynamic habitats - habitats that move with relative regularity may benefit from an 


appropriate margin that is determined through an understanding of the structure and 


function of the specific habitat. Features move at different rates, so this will be set 


according to site specific characteristics. As an example, at Margate and Long Sands 


SCI Natural England has recommended that the initial conservation advice provided 


should incorporate a realistic ten year window of mobility. This advice and addition of 


a margin is based on historic and contemporary empirical data on feature mobility 


and will ensure sufficient protection of the feature for the foreseeable future. 


• Ephemeral habitats – the optimum approach to map ephemeral features has been to 


use several data sets gathered over a reasonable time series. This helps inform 


delineation of a core area which protects the most regular and persistent occurrences 


of the feature. An alternative approach, where time series data is unavailable, is to 


use available point data (effectively spanning a single point in time) and, where 


appropriate, apply a margin to that. 


• Historical extent and recovery potential – Where there is evidence from historical 


data that the extent of a feature (e.g. cold water coral reef) has declined, this can be 


used to identify and highlight areas that are most likely to respond to management. 


Recognising that these areas typically lack evidence of existing feature presence, the 


advice is to include them within areas to be considered for management of the 


feature. This approach is consistent with that taken for management of Sabellaria 


reef in the Southern North Sea and Lophelia reef in the Celtic Sea. 


 


Where it is deemed appropriate to apply margins, regulators should consider the margin as 


if it were part of the feature.  


 


Margins may not always be appropriate for particular features in MPAs and decisions on the 


application of margins should be made on a site-by site basis. 


 


2.3. Step 3: Application of buffers; preventing damaging direct and indirect 


interactions with activities 


In the context of feature management, a buffer is defined as a spatial extension applied to 


known feature extent (including any potential margin) that safeguards the feature from 


accidental damage by an activity.  Such buffers are designed by the appropriate regulator 


(e.g. IFCA, MMO, and Defra).  


 


A buffer can be used to prevent direct damaging physical interactions (including 


unintentional damage) between a fishing activity and the interest feature e.g, trawler fishing 


outside the site, but the bottom towed gear has sufficient warp length to stray inside the site.  


In addition, the regulator may also wish to consider the use of buffers to prevent indirect 


damaging effects of an activity, for example the resettlement of sediments (which could 
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potentially adversely impact a reef feature) put into suspension by trawling. Regulators may 


seek advice from the relevant SNCB on the potential risk of such indirect effects prior to 


setting of a buffer.   


 


The application of a buffer may result in the feature receiving spatial protection outside of the 


marine protected area. In applying a buffer, the regulator must consider what constitutes 


adequate management for the site and what will best minimise the risk of not achieving the 


conservation objectives.     


 


3. Summary  


This guidance describes the sequential process of how protected features are underpinned 


by data and the process for attributing margins and buffers to specific sites and features.  


 


As stated in the paragraphs above, it is not always necessary to implement margins and 


buffers, especially where there is little or no uncertainty in feature presence or extent and 


fishing practices pose no threat of direct or indirect interactions.  


 


We have produced the following figure (figure 1) to summarise the elements described 


above. It highlights the additional feature protection which may be afforded to specific 


features if required on a site by site basis in order to ensure adequate spatial protection.    
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Figure 1: The components of feature, margin and buffer than when combined determine the 


area of spatial protection required for habitats and species of conservation importance.  
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Foreword 
Natural England commission a range of reports from external contractors to 
provide evidence and advice to assist us in delivering our duties. The views in this 
report are those of the authors and do not necessarily represent those of Natural 
England. 


Background
The current, unprecedented amount of marine 
renewables development proposed in UK waters 
have the potential to impact on seabird populations. 


Impact assessments for marine renewables have 
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the work in the context of our advice to developers on 
assessing impacts to seabird populations from 
offshore developments. 


This report should be cited as: 


FURNESS, R.W. 2015. Non-breeding season 
populations of seabirds in UK waters: Population 
sizes for Biologically Defined Minimum Population 
Scales (BDMPS). Natural England Commissioned 
Reports, Number 164. 
 


 


 


Natural England Project Officers - Melanie Kershaw, Senior Specialist Marine Ornithology 
melanie.kershaw@naturalengland.org.uk 


Contractor - Bob Furness, MacArthur Green Ltd, 95 South Woodside Road, Glasgow, G20 6NT 
bob.furness@macarthurgreen.com www.macarthurgreen.com  


Keywords - environmental impact assessments (eia), habitats regulations assessment (hra), marine, non-
breeding, offshore renewables, ornithology, populations, seabirds, special protection areas (spa) 


Further information 
This report can be downloaded from the Natural England website: www.gov.uk/natural-england. For 
information on Natural England publications contact the Natural England Enquiry Service on 0845 600 3078      
or e-mail enquiries@naturalengland.org.uk. 


 
 


 
This report is published by Natural England under the Open Government Licence - OGLv3.0 for public sector 


information. You are encouraged to use, and reuse, information subject to certain conditions. For details of the 
licence visit www.naturalengland.org.uk/copyright. Natural England photographs are only available for non 


commercial purposes. If any other information such as maps or data cannot be used commercially this will be made 
clear within the report. 


ISBN 978-1-78354-156-0  
© Natural England and other parties 2015



mailto:melanie.kershaw@naturalengland.org.uk

mailto:bob.furness@macarthurgreen.com

http://www.macarthurgreen.com/

http://www.gov.uk/natural-england

mailto:enquiries@naturalengland.org.uk

http://www.naturalengland.org.uk/copyright





 


 







 


 
CONTENTS 


 
ACKNOWLEDGEMENTS ...................................................................................................... i 


SUMMARY ............................................................................................................................ii 


1. INTRODUCTION ........................................................................................................... 1 


1.1 Background to this project ....................................................................................... 1 


1.2 Overall Aim ............................................................................................................. 1 


1.3 EIA and HRA non-breeding season assessments; project requirements ................. 1 


2. METHODS ..................................................................................................................... 4 


2.1 Breeding range and taxa ......................................................................................... 4 


2.2 Non-breeding component of the population ............................................................ 4 


2.3 Phenology ............................................................................................................... 2 


2.4 Defined seasons ..................................................................................................... 3 


2.5 Movements of birds from the UK population through UK waters and from overseas 
populations into or through UK waters ............................................................................... 4 


2.5.1 Seawatching .................................................................................................... 4 


2.5.2 Ringing data .................................................................................................... 4 


2.5.3 Geolocation data loggers and other tracking devices ....................................... 5 


2.5.4 Biometrics ........................................................................................................ 5 


2.5.5 Genetics .......................................................................................................... 5 


2.5.6 Stable isotopes and other natural markers and pollutant markers .................... 6 


2.6 Numbers in UK waters ............................................................................................ 6 


2.7 Biogeographic populations ...................................................................................... 7 


2.8 Proportion of UK population from UK breeding SPAs .............................................. 7 


2.9 Appropriate BDMPS populations ............................................................................. 8 


2.10 Proportions of birds from UK SPA populations in each BDMPS ............................ 10 


2.11 Spatial distribution of UK breeding SPA birds across the BDMPS ......................... 10 


2.12 Presentation of BDMPS data in this report ............................................................ 10 


3. RED-THROATED DIVER Gavia stellata ...................................................................... 12 


3.1 Breeding range and taxa ....................................................................................... 13 


3.2 Non-breeding component of the population .......................................................... 13 


3.3 Phenology ............................................................................................................. 13 


3.4 Defined seasons ................................................................................................... 14 


3.5 Movements of birds from the UK population.......................................................... 14 


3.6 Movements of birds from overseas into UK waters ............................................... 15 


 
 







 


 
3.7 Numbers in UK waters .......................................................................................... 15 


3.8 Biogeographic population...................................................................................... 16 


3.9 Proportion of UK population from UK breeding SPAs ............................................ 17 


3.10 BDMPS ................................................................................................................. 19 


3.11 Proportion of UK SPA birds in each BDMPS ......................................................... 22 


3.12 Spatial distribution of UK breeding SPA birds across the BDMPS ......................... 23 


4. GREAT NORTHERN DIVER Gavia immer ................................................................... 24 


4.1 Breeding range and taxa ....................................................................................... 25 


4.2 Non-breeding component of the population .......................................................... 25 


4.3 Phenology ............................................................................................................. 25 


4.4 Defined seasons: .................................................................................................. 26 


4.5 Movements of birds from the UK population.......................................................... 26 


4.6 Movements of birds from overseas into UK waters ............................................... 26 


4.7 Numbers in UK waters .......................................................................................... 27 


4.8 Biogeographic population...................................................................................... 27 


4.9 Proportion of UK population from UK breeding SPAs ............................................ 28 


4.10 BDMPS ................................................................................................................. 28 


5. NORTHERN FULMAR Fulmarus glacialis .................................................................... 30 


5.1 Breeding range and taxa ....................................................................................... 31 


5.2 Non-breeding component of the population .......................................................... 31 


5.3 Phenology ............................................................................................................. 31 


5.4 Defined seasons: .................................................................................................. 32 


5.5 Movements of birds from the UK population.......................................................... 32 


5.6 Movements of birds from overseas into UK waters ............................................... 33 


5.7 Numbers in UK waters .......................................................................................... 33 


5.8 Biogeographic population...................................................................................... 33 


5.9 Proportion of UK population from UK breeding SPAs ............................................ 37 


5.10 BDMPS ................................................................................................................. 40 


5.11 Proportions of UK SPA birds in each BDMPS ....................................................... 41 


5.12 Spatial distribution of UK breeding SPA birds across the BDMPS ......................... 41 


6. MANX SHEARWATER Puffinus puffinus ..................................................................... 42 


6.1 Breeding range and taxa ....................................................................................... 42 


6.2 Non-breeding component of the population .......................................................... 42 


6.3 Phenology ............................................................................................................. 43 


6.4 Defined seasons: .................................................................................................. 44 


6.5 Movements of birds from the UK population.......................................................... 44 


 
 







 


 
6.6 Movements of birds from overseas into UK waters ............................................... 45 


6.7 Numbers in UK waters .......................................................................................... 45 


6.8 Biogeographic population...................................................................................... 45 


6.9 Proportion of UK population from UK breeding SPAs ............................................ 47 


6.10 BDMPS ................................................................................................................. 49 


6.11 Proportions of birds from BDMPS in reference regions ......................................... 50 


6.12 Spatial distribution of UK breeding SPA birds across the BDMPS ......................... 50 


7. NORTHERN GANNET Morus bassanus ...................................................................... 51 


7.1 Breeding range and taxa ....................................................................................... 52 


7.2 Non-breeding component of the population .......................................................... 52 


7.3 Phenology ............................................................................................................. 52 


7.4 Defined seasons: .................................................................................................. 53 


7.5 Movements of birds from the UK population.......................................................... 53 


7.6 Movements of birds from overseas into UK waters ............................................... 55 


7.7 Numbers in UK waters .......................................................................................... 56 


7.8 Biogeographic population...................................................................................... 56 


7.9 Proportion of UK population from UK breeding SPAs ............................................ 60 


7.10 BDMPS ................................................................................................................. 63 


7.11 Proportions of UK SPA birds in each BDMPS ....................................................... 65 


7.12 Spatial distribution of UK breeding SPA birds across the BDMPS ......................... 65 


8. GREAT CORMORANT Phalacrocorax carbo ............................................................... 66 


8.1 Breeding range and taxa ....................................................................................... 66 


8.2 Non-breeding component of the population .......................................................... 67 


8.3 Phenology ............................................................................................................. 67 


8.4 Defined seasons: .................................................................................................. 68 


8.5 Movements of birds from the UK population.......................................................... 68 


8.6 Movements of birds from overseas into UK waters ............................................... 69 


8.7 Numbers in UK waters .......................................................................................... 69 


8.8 Biogeographic population...................................................................................... 69 


8.9 Proportion of UK population from UK breeding SPAs ............................................ 73 


8.10 BDMPS ................................................................................................................. 75 


8.11 Proportions of birds from BDMPS in reference regions ......................................... 77 


8.12 Spatial distribution of UK breeding SPA birds across the BDMPS ......................... 78 


9. EUROPEAN SHAG Phalacrocorax aristotelis .............................................................. 79 


9.1 Breeding range and taxa ....................................................................................... 79 


9.2 Non-breeding component of the population .......................................................... 80 


 
 







 


 
9.3 Phenology ............................................................................................................. 80 


9.4 Defined seasons: .................................................................................................. 81 


9.5 Movements of birds from the UK population.......................................................... 81 


9.6 Movements of birds from overseas into UK waters ............................................... 82 


9.7 Numbers in UK waters .......................................................................................... 82 


9.8 Biogeographic population...................................................................................... 82 


9.9 Proportion of UK population from UK breeding SPAs ............................................ 85 


9.10 BDMPS ................................................................................................................. 87 


9.11 Proportions of UK breeding SPA birds in each BDMPS ........................................ 89 


9.12 Spatial distribution of UK breeding SPA birds across the BDMPS ......................... 89 


10. ARCTIC SKUA Stercorarius parasiticus ................................................................... 91 


10.1 Breeding range and taxa ....................................................................................... 92 


10.2 Non-breeding component of the population .......................................................... 92 


10.3 Phenology ............................................................................................................. 92 


10.4 Defined seasons: .................................................................................................. 93 


10.5 Movements of birds from the UK population.......................................................... 93 


10.6 Movements of birds from overseas into UK waters ............................................... 94 


10.7 Numbers in UK waters .......................................................................................... 94 


10.8 Biogeographic population...................................................................................... 94 


10.9 Proportion of UK population from UK breeding SPAs ............................................ 98 


10.10 BDMPS ........................................................................................................... 100 


10.11 Proportion of UK breeding SPA birds in BDMPS ............................................. 102 


10.12 Spatial distribution of UK breeding SPA birds across the BDMPS ................... 103 


11. GREAT SKUA Stercorarius skua ............................................................................ 104 


11.1 Breeding range and taxa ..................................................................................... 105 


11.2 Non-breeding component of the population ........................................................ 105 


11.3 Phenology ........................................................................................................... 105 


11.4 Defined seasons: ................................................................................................ 106 


11.5 Movements of birds from the UK population........................................................ 107 


11.6 Movements of birds from overseas into UK waters ............................................. 107 


11.7 Numbers in UK waters ........................................................................................ 108 


11.8 Biogeographic population.................................................................................... 108 


11.9 Proportion of UK population from UK breeding SPAs .......................................... 112 


11.10 BDMPs ............................................................................................................ 115 


11.11 Proportions of UK SPA birds in each BDMPS ................................................. 116 


11.12 Spatial distribution of UK breeding SPA birds across the BDMPS ................... 117 


 
 







 


 
12. LESSER BLACK-BACKED GULL Larus fuscus ...................................................... 118 


12.1 Breeding range and taxa ..................................................................................... 119 


12.2 Non-breeding component of the population ........................................................ 119 


12.3 Phenology ........................................................................................................... 119 


12.4 Defined seasons: ................................................................................................ 121 


12.5 Movements of birds from the UK population........................................................ 121 


12.6 Movements of birds from overseas into UK waters ............................................. 121 


12.7 Numbers in UK waters ........................................................................................ 122 


12.8 Biogeographic population.................................................................................... 122 


12.9 Proportion of UK population from UK breeding SPAs .......................................... 126 


12.10 BDMPS ........................................................................................................... 128 


12.11 Proportions of UK SPA birds in each BDMPS ................................................. 130 


12.12 Spatial distribution of UK breeding SPA birds across the BDMPS ................... 131 


13. HERRING GULL Larus argentatus ......................................................................... 132 


13.1 Breeding range and taxa ..................................................................................... 132 


13.2 Non-breeding component of the population ........................................................ 133 


13.3 Phenology ........................................................................................................... 133 


13.4 Defined seasons: ................................................................................................ 134 


13.5 Movements of birds from the UK population........................................................ 134 


13.6 Movements of birds from overseas into UK waters ............................................. 135 


13.7 Numbers in UK waters ........................................................................................ 135 


13.8 Biogeographic population.................................................................................... 136 


13.9 Proportion of BDMPS from UK breeding SPAs ................................................... 138 


13.10 BDMPS ........................................................................................................... 141 


13.11 Proportions of UK SPA birds in each BDMPS ................................................. 143 


13.12 Spatial distribution of UK breeding SPA birds across the BDMPS ................... 143 


14. GREAT BLACK-BACKED GULL Larus marinus ..................................................... 144 


14.1 Breeding range and taxa ..................................................................................... 144 


14.2 Non-breeding component of the population ........................................................ 145 


14.3 Phenology ........................................................................................................... 145 


14.4 Defined seasons: ................................................................................................ 146 


14.5 Movements of birds from the UK population........................................................ 146 


14.6 Movements of birds from overseas into UK waters ............................................. 147 


14.7 Numbers in UK waters ........................................................................................ 147 


14.8 Biogeographic population.................................................................................... 148 


14.9 Proportion of UK population from UK breeding SPAs .......................................... 152 


 
 







 


 
14.10 BDMPS ........................................................................................................... 154 


14.11 Proportions of UK SPA birds in each BDMPS ................................................. 155 


14.12 Spatial distribution of UK breeding SPA birds across the BDMPS ................... 156 


15. BLACK-LEGGED KITTIWAKE Rissa tridactyla ....................................................... 157 


15.1 Breeding range and taxa ..................................................................................... 158 


15.2 Non-breeding component of the population ........................................................ 158 


15.3 Phenology ........................................................................................................... 158 


15.4 Defined seasons: ................................................................................................ 159 


15.5 Movements of birds from the UK population........................................................ 160 


15.6 Movements of birds from overseas into UK waters ............................................. 160 


15.7 Numbers in UK waters ........................................................................................ 161 


15.8 Biogeographic population and relevant smaller units (BDMPS)........................... 162 


15.9 Proportion of UK population in UK breeding SPAs .............................................. 167 


15.10 BDMPS ........................................................................................................... 170 


15.11 Proportions of UK breeding SPA birds in BDMPS ........................................... 172 


15.12 Spatial distribution of UK breeding SPA birds across the BDMPS ................... 172 


16. SANDWICH TERN Thalasseus sandvicensis ......................................................... 173 


16.1 Breeding range and taxa ..................................................................................... 173 


16.2 Non-breeding component of the population ........................................................ 174 


16.3 Phenology ........................................................................................................... 174 


16.4 Defined seasons: ................................................................................................ 175 


16.5 Movements of birds from the UK population........................................................ 175 


16.6 Movements of birds from overseas into UK waters ............................................. 176 


16.7 Numbers in UK waters ........................................................................................ 176 


16.8 Biogeographic population.................................................................................... 177 


16.9 Proportion of BDMPS from UK breeding SPAs ................................................... 180 


16.10 BDMPS ........................................................................................................... 183 


16.11 Proportions of UK SPA birds in BDMPS .......................................................... 185 


16.12 Spatial distribution of UK breeding SPA birds across the BDMPS ................... 185 


17. ROSEATE TERN Sterna dougallii .......................................................................... 186 


17.1 Breeding range and taxa ..................................................................................... 186 


17.2 Non-breeding component of the population ........................................................ 187 


17.3 Phenology ........................................................................................................... 187 


17.4 Defined seasons: ................................................................................................ 188 


17.5 Movements of birds from the UK population........................................................ 188 


17.6 Movements of birds from overseas into UK waters ............................................. 189 


 
 







 


 
17.7 Numbers in UK waters ........................................................................................ 189 


17.8 Biogeographic population.................................................................................... 189 


17.9 Proportion of UK population from UK breeding SPAs .......................................... 192 


17.10 BDMPS ........................................................................................................... 194 


17.11 Proportions of UK SPA birds in BDMPS .......................................................... 195 


17.12 Spatial distribution of UK breeding SPA birds across the BDMPS ................... 195 


18. COMMON TERN Sterna hirundo ............................................................................ 196 


18.1 Breeding range and taxa ..................................................................................... 196 


18.2 Non-breeding component of the population ........................................................ 197 


18.3 Phenology ........................................................................................................... 197 


18.4 Defined seasons: ................................................................................................ 198 


18.5 Movements of birds from the UK population........................................................ 198 


18.6 Movements of birds from overseas into UK waters ............................................. 199 


18.7 Numbers in UK waters ........................................................................................ 200 


18.8 Biogeographic population and relevant smaller units (BDMPS)........................... 200 


18.9 Proportion of UK population in UK breeding SPAs .............................................. 205 


18.10 BDMPS ........................................................................................................... 209 


18.11 Proportions of UK SPA birds in BDMPS .......................................................... 210 


18.12 Spatial distribution of UK breeding SPA birds across the BDMPS ................... 210 


19. ARCTIC TERN Sterna paradisaea ......................................................................... 211 


19.1 Breeding range and taxa ..................................................................................... 212 


19.2 Non-breeding component of the population ........................................................ 212 


19.3 Phenology ........................................................................................................... 212 


19.4 Defined seasons: ................................................................................................ 213 


19.5 Movements of birds from the UK population........................................................ 213 


19.6 Movements of birds from overseas into UK waters ............................................. 214 


19.7 Numbers in UK waters ........................................................................................ 214 


19.8 Biogeographic population and relevant smaller units (BDMPS)........................... 214 


19.9 Proportion of UK population from UK breeding SPAs .......................................... 218 


19.10 BDMPS ........................................................................................................... 221 


19.11 Proportions of UK SPA birds in BDMPS .......................................................... 222 


19.12 Spatial distribution of UK breeding SPA birds across the BDMPS ................... 223 


20. LITTLE TERN Sternula albifrons ............................................................................ 224 


20.1 Breeding range and taxa ..................................................................................... 224 


20.2 Non-breeding component of the population ........................................................ 225 


20.3 Phenology ........................................................................................................... 225 


 
 







 


 
20.4 Defined seasons: ................................................................................................ 226 


20.5 Movements of birds from the UK population........................................................ 226 


20.6 Movements of birds from overseas into UK waters ............................................. 227 


20.7 Numbers in UK waters ........................................................................................ 227 


20.8 Biogeographic population and relevant smaller units (BDMPS)........................... 227 


20.9 Proportion of UK population in UK breeding SPAs .............................................. 230 


20.10 BDMPS ........................................................................................................... 233 


20.11 Proportions of UK SPA birds in BDMPS .......................................................... 235 


20.12 Spatial distribution of UK breeding SPA birds across the BDMPS ................... 235 


21. COMMON GUILLEMOT Uria aalge ........................................................................ 236 


21.1 Breeding range and taxa ..................................................................................... 237 


21.2 Non-breeding component of the population ........................................................ 237 


21.3 Phenology ........................................................................................................... 237 


21.4 Defined seasons: ................................................................................................ 238 


21.5 Movements of birds from the UK population........................................................ 239 


21.6 Movements of birds from overseas into UK waters ............................................. 240 


21.7 Numbers in UK waters ........................................................................................ 241 


21.8 Biogeographic population.................................................................................... 241 


21.9 Proportion of BDMPS from UK breeding SPAs ................................................... 245 


21.10 BDMPS ........................................................................................................... 249 


21.11 Proportions of UK SPA birds in BDMPS .......................................................... 250 


21.12 Spatial distribution of UK breeding SPA birds across the BDMPS ................... 250 


22. RAZORBILL Alca torda .......................................................................................... 251 


22.1 Breeding range and taxa ..................................................................................... 252 


22.2 Non-breeding component of the population ........................................................ 252 


22.3 Phenology ........................................................................................................... 252 


22.4 Defined seasons: ................................................................................................ 253 


22.5 Movements of birds from the UK population........................................................ 253 


22.6 Movements of birds from overseas into UK waters ............................................. 254 


22.7 Numbers in UK waters ........................................................................................ 254 


22.8 Biogeographic population.................................................................................... 254 


22.9 Proportion of BDMPS from UK breeding SPAs ................................................... 258 


22.10 BDMPS ........................................................................................................... 261 


22.11 Proportions of UK SPA birds in BDMPS .......................................................... 262 


22.12 Spatial distribution of UK breeding SPA birds across the BDMPS ................... 263 


23. BLACK GUILLEMOT Cepphus grylle ..................................................................... 264 


 
 







 


 
23.1 Breeding range and taxa ..................................................................................... 264 


23.2 Non-breeding component of the population ........................................................ 264 


23.3 Phenology ........................................................................................................... 264 


23.4 Defined seasons: ................................................................................................ 265 


23.5 Movements of birds from the UK population........................................................ 265 


23.6 Movements of birds from overseas into UK waters ............................................. 266 


23.7 Numbers in UK waters ........................................................................................ 266 


23.8 Biogeographic population.................................................................................... 266 


23.9 Proportion of UK population from UK breeding MPAs ......................................... 269 


23.10 BDMPS ........................................................................................................... 269 


23.11 Proportions of UK MPA birds in BDMPS.......................................................... 269 


23.12 Spatial distribution of UK MPA birds across the BDMPS ................................. 269 


24. ATLANTIC PUFFIN Fratercula arctica .................................................................... 270 


24.1 Breeding range and taxa ..................................................................................... 271 


24.2 Non-breeding component of the population ........................................................ 271 


24.3 Phenology ........................................................................................................... 271 


24.4 Defined seasons: ................................................................................................ 272 


24.5 Movements of birds from the UK population........................................................ 273 


24.6 Movements of birds from overseas into UK waters ............................................. 274 


24.7 Numbers in UK waters ........................................................................................ 275 


24.8 Biogeographic population.................................................................................... 275 


24.9 Proportion of UK population from UK breeding SPAs .......................................... 277 


24.10 BDMPS ........................................................................................................... 280 


24.11 Proportions of UK SPA birds in BDMPS .......................................................... 281 


24.12 Spatial distribution of UK breeding SPA birds across the BDMPS ................... 281 


25. REFERENCES ....................................................................................................... 282 


26. APPENDIX A.Contributions of individual SPA populations and of UK non-SPA 
populations and overseas populations to each BDMPS .................................................... 297 


 


 
 


 
 







 


 
ACKNOWLEDGEMENTS 
MacArthur Green would especially like to thank Mel Kershaw (NE) for her very efficient 
management of this complex project. We thank the members of the project steering group 
(Mel Kershaw NE, Jared Wilson Marine Scotland Science, Alex Robbins SNH, Neil 
McCulloch DOENI, Matt Murphy CCW, Vicki Saint and Orea Anderson JNCC) for their 
detailed inputs at various stages of the development of the work, and especially for their 
feedback on the entire draft report. We also would like to thank the additional reviewers of 
the individual species accounts and particular sections of report text; Richard Caldow, Tim 
Frayling, Alex Banks, Chris Gibson and Ivan Lakin (NE), Glen Tyler, Chris Eastham, Andy 
Douse, Simon Foster and Greg Mudge (SNH), Alice Ramsay, Kirstin Kober and Linda 
Wilson (JNCC). Specific help was also provided by several people. David Stroud very 
helpfully provided material from the in preparation 2014 JNCC SPA review and answered 
specific queries about various data inconsistencies, Glen Tyler provided helpful discussion of 
work being undertaken on common guillemot and razorbill post-breeding dispersal, Greg 
Mudge and Ian Bainbridge helped cheerfully with several queries about where to find 
unpublished information, Bob Bryson and Brian Eardley kindly provided up-to-date 
unpublished data on red-throated diver breeding numbers on SPAs at site condition 
monitoring, and Alex Banks provided very helpful comments on the practical use of BDMPS 
in casework. Despite all of this outstanding help, any shortcomings of the report are entirely 
the responsibility of the author. 


  


  i | P a g e  
 







 


 
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     
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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. 
 


0


0.2


0.4


0.6


0.8


1


1.2


1.4


0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98


Immatures per 
breeder 


Adult survival rate input value 


  5 | P a g e  
 







 


 


 
 
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 
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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). 


  43 | P a g e  
 







 


 


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.  
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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 
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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) 


  94 | P a g e  
 







 


 
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 


  100 | P a g e  
 







 


 
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.  
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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) 


  


  159 | P a g e  
 







 


 
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. 
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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. 
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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. 
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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. 


  199 | P a g e  
 







 


 
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. 


  211 | P a g e  
 







 


 
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. 
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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 
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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).  
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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. 
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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 
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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. 
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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 


  273 | P a g e  
 







 


 
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 
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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 


         306 | P a g e  
 







 


 
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 


         308 | P a g e  
 







 


 
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 
 
  


         317 | P a g e  
 







 


 
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 
 
  


         333 | P a g e  
 







 


 
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 


         374 | P a g e  
 







 


 
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 
 
 
 
 
 
 
  


         377 | P a g e  
 







 


 
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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Avoidance Rate Review 
 


25th November 2014 
 


1. Summary of recommendations 
 


This joint response from the Statutory Nature Conservation Bodies (SNCBs)1 is intended to provide 
recommendations on how the Offshore Wind Farm (OWF) industry could appropriately apply 
findings from the Marine Scotland Science Avoidance Rate Review2 (hereafter ‘the report’) to the 
impact assessment process. This section provides a summary of our recommendations on best 
practise impact assessment using Collision Risk Modelling (CRM) in light of the report. The rationale 
for these recommendations is outlined within the main body of the paper. 
 
Basic Band model (Options 1 and 2) recommendations 
 
Whenever the Basic Band model (Options 1 or 2) are used for collision mortality estimation: 


 Collision mortality estimates should be presented using the mean total avoidance rate (as 
detailed in Table 1 below) as well as a range of avoidance rates that reflects the variability 
and uncertainty linked to it (i.e. ±2SD). 


 
Basic Band model (Option 2) recommendations 
 
Whenever the Basic Band model (Option 2) is used for collision mortality estimation: 


 Collision mortality estimates should be presented using the mean total avoidance rate (as 
detailed in Table 1 below) as well as a range of avoidance rates that reflects the variability 
and uncertainty linked to it (i.e. ±2SD). 


Furthermore, the following information should also be provided: 


 Presentation and comparison of both site-specific and generic flight height data (including 
median and confidence limits). 


 A range of collision mortality estimates using the lower and upper confidence limits of the 
generic modelled flight distribution. 


 
Extended Band model (Option 3) recommendations 
 
It is not appropriate to use the Extended Band model in predicting collisions for northern gannet or 
black-legged kittiwake, at the current time. 
 
Whenever the Extended Band model (Option 3) is used for large gull collision mortality estimation: 


 Collision mortality estimates should be presented using the mean total avoidance rate (as 
detailed in Table 2 below) as well as a range of avoidance rates that reflects the variability 
and uncertainty linked to it (i.e. ±2SD). 


                                                
1
 To be read as comprising the Joint Nature Conservation Committee (JNCC), Natural England (NE), Natural Resource Wales 


(NRW), Northern Ireland Environment Agency (NIEA), Scottish Natural Heritage (SNH). 
2
 Cook, A.S.C.P., Humphries, E.M., Masden, E.A., and Burton, N.H.K. 2014. The avoidance rates of collision between birds 


and offshore turbines. BTO research Report No 656 to Marine Scotland Science. 
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Furthermore, the following information should also be provided: 


 Presentation and comparison of both site-specific and generic flight height data (including 
median and upper and lower confidence limits). 


 Presentation of both Basic Band model outputs (Options 1 and 2) with the measures of 
confidence outlined in Section 3.4, in addition to Extended Band model outputs. 


 A range of Extended Band model collision mortality estimates using lower and upper 
confidence limits of the generic flight distribution. 


 
2. Introduction 


 
The SNCBs welcome this important piece of work and congratulate Marine Scotland Science (MSS) 
for taking the initiative to commission this report and the British Trust for Ornithology (BTO) for 
conducting such a thorough review. 
 
We note that a key finding of the report is the absence of studies of collision mortality and 
avoidance rates at offshore wind farms. The report concludes that the bulk of avoidance rate studies 
are from onshore or coastal wind farms. Having reviewed this body of work the report concludes 
that for many species (or groups of species) there are insufficient empirical data to derive 
meaningful avoidance rates at micro-, meso- or macro-scales. To a large degree, this inability to 
quantify these separate components of overall avoidance rates was due to lack of spatial resolution 
in empirical data and/or technical capacity to separate these components of overall avoidance. 
 
The lack of empirical data from offshore wind farms contributing to the report’s conclusions must be 
considered in the future applicability of recommended avoidance rates in an offshore context. 
Nevertheless, with many offshore projects at critical junctures in the decision-making process, we 
support some of the report’s findings for use in offshore wind farm collision risk modelling, until 
such time as more empirical data are available. 
 
This joint SNCB position represents a considerable shift in advice on avoidance rates for use with 
collision risk modelling in light of the report. This reflects the obligation on SNCBs to amend their 
advice as the best available evidence continues to evolve. However, it must be recognised that 
further empirical data on bird avoidance, flight heights and activity at offshore wind farms will 
continue to accrue and may alter our understanding of the likelihood of seabird collisions in the 
future. Therefore, the SNCBs position on avoidance rates may, as the current response  bears 
testimony, be subject to change as more empirical data become available, e.g. ORJIP study (refer to 
section 6). 
 
The following advice is applicable only to collision risk modelling for the five priority species and 
other gull species covered by the report. For other seabirds (e.g. skuas) and waterbirds (e.g. divers, 
seaducks, etc.) the report does not conduct an analysis or provide recommended avoidance rates for 
any version of the Band model. In light of this, the SNCBs continue to recommend the basic Band 
model, in conjunction with a default 98% avoidance rate, for predicting collisions of species other 
than those detailed here, until such time as further species-specific work has been undertaken. 
 


3. General Statements of Agreement 
 


3.1  Avoidance rates for use with the Basic Band model 
 
The SNCBs support the recommended avoidance rates (AR) presented in the report in relation to 
four of the five priority species (the exception being black-legged kittiwake) as we consider these 
rates to be the best available evidence regarding the average avoidance rates for use with these 
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species (Table 1 below). However, it should be noted that in several instances these are not derived 
from species-specific information and as such represent avoidance rates for species groupings (e.g. 
‘large gulls’) rather than for an individual species. 
 
The SNCBs also recommend that the estimated variance in empirically derived estimates of within 
windfarm avoidance rates, as presented within the report, be acknowledged and explored in any 
application of these total avoidance rates in future collision risk modelling. 
 
Collision mortality estimates should be presented using the mean total avoidance rate as well as a 
range of avoidance rates that reflects the variability and uncertainty linked to it (i.e. ±2SD). 
 
Table 1. Basic Band avoidance rates derived from MSS avoidance rate report Table 7.2. This table represents 
new avoidance rates (± 2SD) supported by the SNCBs for use in impact assessment collision risk modelling. 


 
 
 
 
 
 
 
 
 
 
 
* Note: ‘strike-through’ data as presented in Table 7.2 of the report; data in ‘bold’ as recommended by SNCBs 
(see section 4.1 below for further explanation). 


 
3.2 Northern Gannet avoidance rates for Basic Band model 
 
We note that the northern gannet avoidance rate represents, in reality, an ‘all gull’ avoidance rate, 
due to the absence of species-specific within windfarm avoidance data. We agree it is inappropriate 
to combine a within wind farm avoidance rate  for this species based on the rates established for 
gulls with the gannet-specific macro-avoidance rate of 0.64, as this would result in a non-evidence 
based total avoidance rate higher than for any of the other groups considered. However, we agree 
that, without a within windfarm avoidance component for gannets, and acknowledging their more 
marked tendency to exhibit macro-avoidance behaviour; it is reasonable to ascribe to gannets  the 
lowest of the total avoidance rates determined for any of the other groups (i.e. the ‘all gull’ 
category). In the absence of gannet-specific data for all elements of avoidance, this is also 
appropriately precautionary.  
 
3.3  Use of avoidance rates to 3 decimal places 
 
The SNCBs advise that, following recommendations in the  report, practitioners of collision risk 
modelling now use avoidance rates to three decimal places as outlined above rather than rounding 
figures to two as typically done previously (e.g. 0.98). The report presents within windfarm 
avoidance rates to 4 decimal places (Table 7.1) but given the inherent uncertainty in the data the 
final recommended total avoidance rates are presented to only 3 decimal places (Table 7.2).  The 
SNCBs agree with the recommendation in the report to use avoidance rates to three decimal places, 
until such time as improvements are made to the characterisation of uncertainty within the models, 
avoidance rates and flight height distributions used. 
 
 


Species (rate used) Basic Band model avoidance rate (2SD) 


Northern gannet (all gull 
avoidance rate) 


0.989 (± 0.002) 


Black-legged kittiwake (small 
all gull avoidance rate) 


0.992  0.989 (± 0.002)* 


Lesser black-backed gull (large 
gull avoidance rate) 


0.995 (± 0.001) 


Herring gull (species-specific 
avoidance rate) 


0.995 (± 0.001) 


Great black-backed gull (large 
gull avoidance rate) 


0.995 (± 0.001) 
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3.4  Recommended avoidance rates for use with Band model Option 2 
 
We acknowledge that Options 1 and 2 of the Band model are mathematically identical (the Basic 
Band model) and consequently that it is appropriate to use the same predictive avoidance rate for 
both options. But the estimates of avoidance rates within section 5.4 of the report derived using 
Option 2 were in every case lower than using Option 1.  
 
The SNCBs accept that this reflects the mismatch between the observed site-specific values of the 
proportion of birds recorded flying at predicted collision risk height (PCH) and the equivalent values 
derived using generic modelled flight height distribution data, and hence that the lower avoidance 
rates derived under Option 2 are anomalous.  
 
We accept the recommendation that the higher avoidance rates derived using Option 1 should be 
used with the Basic Band model.  For any future application of these recommended Basic Band 
model avoidance rates in combination with generic modelled flight height distribution data (i.e. use 
of Option 2), we advise the following is included: 


 


 Presentation and comparison of both site-specific and generic flight height data 
(including median and confidence limits). 


 A range of collision mortality estimates using the lower and upper confidence limits of 
the generic modelled flight distribution. 


 A range of collision mortality estimates reflecting the empirically derived range of 
uncertainty around the mean avoidance rate (as detailed in Table 1 above).  


 
This is to ensure due consideration is given to the uncertainty surrounding the generic flight height 
distribution and its applicability to the wind farm in question and the uncertainty around the 
avoidance rate itself. 
 


4. Areas of Disagreement or Uncertainty 
 
4.1  Kittiwake avoidance rates for Basic Band model 
 
The SNCBs consider that the principles applied to northern gannet avoidance rate recommendations 
in the face of lack of species-specific data (i.e. application of the lowest “all gull” alternative rate 
derived by the review) should also be applied to black-legged kittiwake avoidance rates. The report 
includes kittiwake within the ‘small gull’ category, the data for which are predominantly derived 
from common gulls and black-headed gulls. Indeed, no species-specific data for kittiwakes are 
represented within the ‘small gull’ category at all.  
 
While the report provides a theoretical argument towards the inclusion of kittiwakes within the 
‘small gull’ category, there are equally arguments that could be put forward in support of their 
treatment as part of the ‘large gull’ category (i.e. typical flight speeds and generally more marine 
behaviour). Consequently, we feel these somewhat subjective arguments should be discounted in 
favour of a more consistent and precautionary approach with regards the treatment of other species 
lacking species-specific within windfarm avoidance rate data (namely gannets).  
 
Therefore, we recommend that, until such time as it is possible to calculate a species-specific 
avoidance rate for kittiwakes, they are classed under the more generic (and precautionary) ‘all 
gull’ category. 
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4.2  Applicability of Extended Band model avoidance rates 
 
The SNCBs highlight that the report makes no recommendation regarding avoidances rates for use 
with the Extended Band model for northern gannets and black-legged kittiwakes due to a lack of 
species-specific data.  
 
This means it is not appropriate to use the Extended Band model in predicting collision figures for 
these species at the current time. 
 
For the other three priority species covered by the report (see Table 2 below), we  note that while 
we accept the work undertaken to derive avoidance rates for use with Option 3; we remain 
concerned over the use of the Extended Band model. In particular, we have concerns regarding its 
sensitivity to flight height distribution data, and the uncertainty this component introduces to 
variation in estimates of collision. 
 


Table 2. Extended Band avoidance rates taken from MSS avoidance rate report Table 7.2. 
Species (rate used) Extended Band model avoidance rate (2SD) 


Northern gannet  
 


Not available 


Black-legged kittiwake  
 


Not available 


Lesser black-backed gull (large 
gull avoidance rate) 


0.989 (± 0.002) 


Herring gull (species-specific 
avoidance rate) 


0.990 (± 0.002) 


Great black-backed gull (large 
gull avoidance rate) 


0.989 (± 0.002) 


 
We advise those wishing to present Extended Band model predictions for those species/groupings 
where sufficient data on appropriate avoidance rates has been compiled within the report (i.e. those 
noted in Table 2 above), that the following information must also be provided: 
 


 Presentation and comparison of both site-specific and generic flight height data 
(including median and upper and lower confidence limits). 


 Presentation of both Basic Band model outputs (Options 1 and 2) with the measures of 
confidence outlined in Section 3.4, in addition to Extended Band model outputs. 


 A range of collision mortality estimates reflecting the empirically derived range of 
uncertainty around the mean avoidance rate applicable to the output of the extended 
Band model  (as detailed in Table 2 above). 


 A range of Extended Band model collision mortality estimates using lower and upper 
confidence limits of the generic flight distribution. 


 
Presentation of uncertainty around both flight heights and avoidance rates and incorporation into 
the analysis in this way, will provide clarity over the range of possible collision mortality outcomes 
and which collision risk model outputs are most appropriate for the assessment of the wind farm(s) 
in question. 
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5. Further Detailed Explanation of SNCB Positioning 
 
5.1  Constraints on the wider applicability of Extended Band model avoidance rates 
 
The  report highlights, in many instances, significant differences between the observed proportion of 
birds at PCH (within the studies used to derive the avoidance rate estimates) and the proportion 
predicted to be at collision risk height derived from generic modelled distributions of flight heights. 
The latter estimates are almost invariably lower than the former. 
 
In the case of ‘small gulls’ this discrepancy is so great that the  report concludes it would be 
inappropriate to use avoidance rates derived for the Extended Band model for this group. Similar 
discrepancies, although less marked, also occur in the case of ‘all gulls’, ‘large gulls’ and ‘herring 
gull’. Therefore, while accepting that the greater discrepancy in the case of ‘small gulls’ is such that 
the resultant extended model avoidance rate for that group (0.9027) and for ‘all gulls’ (which 
includes small gulls) (0.9672) are so unreliable as to be of no practical use, we can accept the use of 
the Extended Band model ARs derived for herring  gulls and the other two larger species of gulls 
(Table 2 above), provided this is accompanied by acknowledgement of uncertainty around the 
underlying flight height data, and provided that equivalent Basic Band model AR outputs  are 
presented for consideration alongside those from the extended Band model. 
 
5.2  Need for on-going exploration of other aspects of uncertainty within the collision risk modelling 
framework 
 
The SNCBs acknowledge that the Extended Band model is a more refined mathematical model than 
the Basic Band model in that it allows consideration of the fine-scale variation in the distribution of 
flight heights of birds flying within the rotor swept height band, and the variation as a function of 
height within that risk band in the probability of: i) passing within the perimeter of the rotating disc 
and ii) being hit during that passage. This Extended Band model is therefore a more advanced tool 
with which to derive estimates of the non-avoidance collision mortality.  


 
However, the use of Option 3 in collision risk modelling is dependent upon; i) the availability of 
appropriate non-avoidance rates to apply to its non-avoidance estimate of collision mortality and ii) 
the degree of uncertainty around and confidence in the general applicability of the modelled flight 
height distribution on which it is based. 


 
The report presents two pieces of evidence that highlight the significance of having robust estimates 
of the proportion of birds at PCH. These are: 
 


 Deriving an Extended Band model AR for ‘small gulls’ was thwarted by the consistent 
mismatch between generic modelled flight height distributions and the observed proportion 
of birds flying at PCH in the empirical studies from which ARs were being derived. This may 
be because the empirical studies used within the report to derive ARs were all onshore, 
while the suite of studies used to model generic flight height distributions included more 
offshore data. In any event, this mismatch indicates extreme caution is needed when 
applying the generic flight height distribution required of the Extended Band model.  
 


 The exploration of the sensitivity of the non-avoidance rate to variation in several key 
parameters indicates that the non-avoidance rate predicted by the Extended Band model 
can be highly sensitive to variation in the simulated flight height distribution. Although this 
appears not to be a consistent issue, it occurs sufficiently often to support the assertion 
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above that extreme caution is needed in application of the generic flight height distributions 
to different sites. 


 
Finally, there remains the issue of whether the derivation of collision mortality estimates using the 
Extended Band model is or is not more sensitive to errors in the attribution of birds to differing flight 
height bands in the field. Irrespective of the relative sensitivity of the Basic Band model and the 
Extended Band model in this respect, it is clear that errors in height estimation is another factor 
which needs to be considered in applying any estimate of flight height in collision risk modelling.  
 
5.3  Issues limiting applicability of the correction factor g 
 
The SNCBs note that the report shows in Annex 1 how the avoidance rates for use with the Basic and 
Extended Band models are related.  The Basic model gives an estimate of no avoidance collision 
mortality, if information is available on turbine and bird parameters and the number of bird flights at 
risk height. The Extended model refines this estimate to take account of the distribution of flight 
heights, if detailed information on the latter is also available. The ratio between the Extended Band 
model estimate of collision rate and that from the Basic Band model, if the same height distribution 
data are used in the latter to calculate the proportion of flights at collision risk height, is termed 
the g factor. 
  
Annex 1 of the report shows that if both models are applied to a reference windfarm, working back 
from an observed collision rate such as to derive the avoidance rate appropriate for each model, the 
non-avoidance rate for use with the Extended model must be 1/g times the non-avoidance rate for 
the Basic model.  This non-avoidance rate may then be used in estimating collision mortality at any 
new windfarm, using the Extended model, if the flight height distribution at the new windfarm site 
is known. Thus to make use of the Extended model requires knowledge of the flight height 
distribution at both the reference site and at the new windfarm site. 
  
g factors have been estimated in Appendix 7 of the  report, by comparison of the non-avoidance 
collision mortality estimates from the Basic and Extended Band models, both being based on 
assumed generic flight height distributions.   It is clear, though, that there is a substantial mismatch 
between the observed values of the proportion of birds at collision risk height (PCH) and the 
proportion at risk height calculated from the generic modelled flight height distributions. The SNCBs 
consider it likely that estimates based on the latter are in many cases unreliable. The current review 
indicates that there is very little site-based information on the flight height distribution at the 
‘reference’ windfarms reviewed, such as to enable g factors to be derived at each of these reference 
sites on the basis of site-specific data.   
 
Until detailed flight height distributions are derived on a site-specific basis for a reference windfarm 
(or the applicability of a generic flight height distribution confirmed), the SNCBs advise that the g 
factors presented in Appendix 7 should not be used to derive a windfarm avoidance rate for use 
with the Extended model at any new offshore windfarm.  In particular it would be wholly wrong to 
use avoidance rates appropriate for the Basic Band model, but based on observed values of the 
proportion of flights at risk, in conjunction with the g factors in Appendix 7 of the report which are 
calculated based on the generic flight distributions. 
 
Where the report recommends use of avoidance rates for use with the Extended Band model, these 
are based on the assumed generic flight height distributions and hence may also be 
inaccurate. However, for these reference windfarms, the generic flight height distributions almost 
always predict a substantially smaller proportion of bird flights at risk height than have been 
observed in the site data. A correspondingly greater proportion of birds must be deemed not to take 
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avoiding action in order to match the observed rate of collision at each reference windfarm.  Hence 
the avoidance rates so calculated are precautionary, that is to say the true avoidance rates are most 
likely to be greater. For those species for which they are quoted, the SNCBs accept the use of these 
avoidance rates with the Extended Band model (Table 2 above), subject to the qualifications set 
out in the report and presentation of the additional information as set out in section 4.2 above.   
 
The SNCBs acknowledge that as more detailed flight height information is acquired, it may prove 
possible to derive more reliable estimates of the non-avoidance rates for use with the Extended 
Band model, and the associated g factors. Nonetheless we advise that even then, any future 
application of the Extended Band model in collision risk mortality estimation should take account of 
the degree of uncertainty in all aspects of the underlying flight height data used, and present a range 
of possible outputs which reflect the degree of uncertainty around the assumed flight height 
distribution. 
 


6. Next Steps 
 


As outlined, this joint SNCB position reflects the obligation on SNCBs to amend their advice as the 
best available evidence continues to evolve. Consequently, this SNCB position statement will be 
subject to review as more empirical data become available (e.g. ORJIP study). Further to this, we 
advise that: 
 


1. A review of this position statement will be undertaken by the SNCBs once ongoing work to 
quantify error and uncertainty in flight height distributions and collision risk modelling 
reports are completed. A NERC funded project, undertaken by Dr Liz Masden3 , is expected 
to address some of these outstanding questions by spring 2015. 
 


2. A strategic data collection programme should be drawn-up and agreed between all 
interested parties to supplement data collected under ORJIP. This should be aimed at 
gathering additional species-specific avoidance behaviour data (particularly for gannets and 
kittiwakes) to allow derivation of more refined avoidance rates than those recommended in 
the MSS report. Implementation of the programme should be overseen by regulatory bodies 
in recognition of their key role in the consenting process and formulation of licence 
conditions.  
 


 
 
 
 
 
 
 
 
 
 


                                                
3
 Environmental Research Institute, University of Highlands and Islands, Thurso. 
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1. Introduction 


1.1. Further to the interim advice provided by Natural England for Deadline 6 [REP 
– 048] England’s Stratigrapher has subsequently considered the evidence 
presented by the Applicant.  


 


2. Summary 


2.1. Having reviewed the report the stratigrapher has confirmed our initial comments 
that there is a clear issue regarding the current extent of the geophysical and 
geotechnical data available to inform the design and execution of the cable burial 
along parts of the cable route within the protected areas. This might be critical if 
(for example) the Egmond Ground Formation is present within the range of the 
trench depth. 


2.2. Whilst we agree that there is inevitably an iterative process in the acquisition of 
this data; the comments set out at point 3 (below)  indicates  that an 
improvement in understanding of these particular sectors is a priority in relation 
in relation to achieving confidence in the trenching methodology. 


2.3. NB: The advice provided below should be considered alongside our previous 
advice provided at Deadline 6 [REP – 048]. 


 


3. Coverage 


3.1. Currently there are some substantial sections along the cable route that are 
within marine SACs or MCZs that have not been intrusively sampled and/or lack 
shallow seismic data because of the presence of strong surface or near-surface 
reflectors. 


3.2. Given that some of these gaps could be interpreted as being underlain by the 
Egmond Ground Formation, and given that this may be cogent to the tooling 
assessment, a greater degree of certainty is needed in order to be confident of 
successful cable burial in these zones. 


 


4. Lithologies 


4.1. Chalk: In terms of a geotechnical material, the Chalk has been treated as 
weathered and structureless, as is also suggested by the cone penetration tests. 
Nevertheless, where exposed on the foreshore between Weybourne and West 
Runton there is evidence of hard grounds, as well as horizons containing 
frequent large flints. These suggest that conditions could be quite variable and 
are hardly structureless. It may be that the foreshore exposures were originally 
overlain by glacially tectonised and weathered chalk that has been removed by 
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wave action. But remain uncertain that the Chalk will be in a weathered condition 
wherever it is encountered on the cable route. The lessons gained from the 
Rampion Project indicate that cabling could be installed successfully in trenches 
cut in unweathered chalk which (given the location and route) would have 
encountered hardgrounds and nodular chalks where the unconfined shear 
strengths of the rock are in the range of 10s of MPa as opposed to the maximum 
500kPa indicated for the Hornsea route. 


4.2. No comments on other lithologies. 


 


5. Transects and assumptions regarding the underlying geology. 


5.1. The limitations in the ground models have been noted. While it is clear that 
further investigations will improve the ground models, some comment should be 
made about the assumptions made along parts of these transects where the 
data remains limited. 


 


i) Figure 4.3. Shows the Bolders Bank Formation abutting the coast. One 


 would therefore expect there to be an onshore correlate (Holkham Till 


 Formation?) which might help to characterise this unit given its 


 extensive distribution along the cable route. 


ii) Figure 4.6. Seems reasonable to infer the presence of the Bolders Bank 


 Formation at the northern end of the section. 


iii) Figure 4.8. If it is the Egmond Ground Formation underlying the Bolders 


 Bank Formation, then it appears that it would intersected by the trench 


 and needs to be considered in the trenching feasibility assessments 


 (tables 5.2 - 5.4). At present this unit does not appear to have been 


 considered and since it is reported to have different properties to the 


 Botney Cut and Bolders Bank formations (table 4.3), this may be 


 cogent when considering the appropriate tooling for the work.  


iv) Figure 4.9. We don’t believe that the interpretation makes sense. If the 


 missing layer is the lower part of the Botney Cut Formation and it 


 extends the full length of this sector, then it is underlying the Bolders 


 Bank Formation – which would be a paradox – as everywhere else the 


 Botney Cut Formation rests unconfomably on the Bolders Bank and 


 older formations. One possibility is that the missing layer is represented


 by the Egmond Ground Formation. If this were to be the case, then this 


 would need to be addressed in table 4.3).   


v) Figure 4.11. Agreed – likely to be Egmond Ground Formation. Given 


 that it is very shallow in places it again needs to be addressed in table 


 4.3. 


vi) Figure 4.18. On the basis of figure 4.20 could be Botney Cut or Bolders 


 Bank formations, while the presence of the Egmond Ground Formation 


 cannot be ruled out on the available evidence. Clearly needs physical 


 sampling.  


vii) Figure 4.19. Comments as for figure 4.18 (above). 


 







Page 4 of 4 
 


6. Remarks 


6.1. We would recommend that geotechnical, geophysical and geological data 
acquired though these surveys is deposited with the British Geological Survey 
where it would supplement other North Sea data and contribute to a much 
improved knowledge of the geology of the Quartenary and Holocene sediment 
of the North Sea. As this data accumulates, it will provide a much more reliable 
evidence base on which to judge risk and inform management of development 
and infrastructure in the North Sea. 
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1.  Introduction 


1.1. This note provides SNCB’s advice in relation to colonisation of Sabellaria 
spinulosa reef on artificial substrate being considered as Annex I reef and 
contributing to the favourable condition status of Annex I reef. 


1.2. Please note should further evidence be presented then this position may 
change. 


 


2. Increase in Sabellaria spinulosa reef feature vs. loss of another Annex 


I habitat 


2.1. Areas of Annex I features within Marine Protected Areas (MPAs) are delineated 
as much as possible at the time of designation with reference to any supporting 
habitats/sediments and/or sub features. All Annex I habitats have equitable 
protection, therefore it is not appropriate to trade one habitat in a site for another. 
For example, if the site is designated for both sandbanks and reef and rock 
protection is placed on the sandbank feature and then Sabellaria reef colonises 
this rock protection it cannot be considered as a benefit to the site that you have 
taken one feature in the site and swapped it for another. 


2.2. Furthermore, possible gain of Sabellaria spinulosa reef and definite loss of 
sandbank feature is not acceptable mitigation under recent ECJ ruling. Please 
see Briels judgement: https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:62012CC0521&from=EN. 


 


3. Establishment of Sabellaria spinulosa reef on artificial substrata over 


laying suitable habitat for reef development  


3.1. In theory this shouldn’t happen as there is the standard marine licence mitigation 
condition to avoid reef or areas to be managed as reef at the time of 
construction. The developers first choice is also to use the appropriate tools to 
install the cable to the optimum cable burial depth so that further cabling 
activities i.e. reburial and protection are not required.  


3.2. However, Natural England’s ‘Cables’ paper (Natural England, 2018) which 
summarises our experience of cable installation over the last 10 years is 
demonstrating that cable installation is more challenging than predicted with the 
need for cable protection therefore on the increase to protect the developers 
assets.  


3.3. Offshore windfarm developers are stating in their applications that rock 
protection can be colonised by Sabellaria spinulosa reef and therefore doesn’t 
preclude the recovery of the reef features. Whilst Natural England (and other 
SNCBs) agree that Sabellaria spinulosa could colonise rock protection we 
consider the establishment of Sabellaria spinulosa reef on artificial substrate as 



https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:62012CC0521&from=EN

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:62012CC0521&from=EN
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not "counting" towards favourable condition of the feature and/or site. This is 
because it is not a replacement for Annex I Sabellaria spinulosa reef on natural 
site sediment as set out at the time of designation and within the conservation 
advice package for the site. 


 


4. Consideration of possible mitigation 


4.1. The fact that new areas of habitat may be created elsewhere in the same site 
does not appear to be relevant, even if a net beneficial effect is predicted. There 
is still a possible adverse – even irreparable – effect on the existing natural 
habitat, and thus on the integrity of the site. The new habitat will be, to some 
extent, artificially created and cannot become a true natural habitat for some, 
possibly quite considerable, time.  


4.2. As was pointed out by counsel for the Stichting hearing, there can be no certainty 
that steps to create a new area of a particular habitat will in fact ever achieve 
the desired outcome and, in application of the precautionary principle, absence 
of uncertainty is a condition for approval in the context of Article 6(3) of the 
Habitats Directive.  Outcomes cannot be guaranteed in heavily- managed 
agriculture; it is all the more difficult to guarantee them when seeking to 
encourage nature to take its course. The Court has stated that there must be no 
remaining scientific doubt before it can be concluded that there are no lasting 
adverse effects on the integrity of a site. The same standard must in Natural 
England’s view be applied to predictions of success for planned new areas of 
created ‘natural’ habitat. 


4.3. NB: Whilst this case law is primarily in relation to mitigation vs compensation 
when avoiding adverse effect on integrity; it still serves as underpinning the 
general principal of not considering the possible creation of new habitat as in 
some way reducing the consideration of habitat loss elsewhere. 


5. Decommissioning 


5.1. Offshore windfarm developers have suggested that views on the acceptability of 
colonisation of rock armouring may have changed by the time of 
decommissioning, including a potential argument to retain the rock armouring in 
situ within designated sites. Whilst, Natural England acknowledges this may be 
the case, we can’t foresee what will happen over the next 20 - 30 years and a 
further assessment would need to be made at that time. Therefore, based on 
best available evidence our advice remains unchanged that Sabellaria 
spinulosa on artificial substrate is not Annex I reef. 


5.2. It should also be noted that should decommissioning happen there are still no 
guarantees that site/features will be returned to pre impact states, thus further 
hindering the recovery of Annex I reef features. 


 


6. References 


 


Natural England (2018) Natural England Offshore wind cabling: ten years 


experience and recommendations.  
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Statements of Common Ground 


F2.1 Written questions Q2.2.1 and 
Q2.2.37 requested the submission of 
agreed Statements of Common 
Ground for benthic ecology and 
offshore ornithology by D6. Please 
submit these statements using the 
required headings noting any areas 
where there will be no agreement.  


 


Natural England provided updated comments to 
the applicant on both Benthic and Ornithology 
Statements of comment Ground prior to Deadline 
6. We have also held discussions with the Applicant 
and provided subsequent comments since this 
time 
 
In Natural England’s view there have been versions 
of these documents that could have been 
submitted at each deadline as an indication of our 
progress, however, as these documents are owned 
by the Applicant, it is for them to submit to 
Examining authority.   
 
The Applicant is seeking to provide SoCGs that are 
clear and well-structured in line with the ExA’s 
requests. 
 


General Benthic Issues 


F2.2 You submitted geographical data at 
D4 [REP4-131, REP4-132] and an 
associated report by Vanstaen & 
Whomersley (2015) [REP4-140]. 
Please submit a text document that 
contains the justification for assigning 
a 500m buffer to the reef layer. 


 


Please see “Marine Buffers” doc submitted as part 
of our D7 submission. 


Cable Specification Installation Plan 


F2.3 In your D6 submission [REP6-049] you 
state that the rock protection within 
MPAs would be 10% plus 25%. The ExA 
understands that 25% is the 
replenishment rate of the maximum 
design scenario where up to 10% of the 
cable route within MPAs would require 
protection during the lifetime of the 
project. If this is correct, how do you 
arrive at a figure of 35%? In paragraph 
12 of your submission you seek 
clarification on the maximum design 
scenarios, can you explain your 
concerns more fully?  
 


[For clarification the 35% figure was a query, and 
we received subsequent information from the 
applicant to clarify this point.] 
 
We have considered the issue of 10% vs 25% 
further in ANNEX C Natural England’s Deadline 7 
Submission.  
 
Please note that both Natural England and the 
MMO believe that the 10% of cable protection 
should be restricted to the construction phase 
only.  
There are also some outstanding 
concerns/considerations in relation to the 
quantities relating to the 25%. Therefore, we 
request that should the SoS of state be minded to 
permit the application as is (i.e. considers there to 
be no AEoI) the parameters of the both the 10% 
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and the 25% in both Volume, Area and length are 
secured in the DCO/DML so that the necessary 
restrictions are in place. 


Cable Trenching Assessment 


F2.4  Please explain why you think that the 
trenching assessment [REP6-026] 
should consider more than the direct 
areas of overlap between the MPAs and 
the cable corridor as stated in 
paragraph 9 of your D6 submission 
[REP6-048].  


Natural England has reviewed our previous 
comment and can confirm that there was an error 
on our part and we are content with the sections 
considered by PTA. 


F2.5 In paragraph 7 of your D6 submission 
[REP6-048] you raised questions about 
how the insights from the trenching 
assessment would be implemented and 
incorporated into the Cable 
Specification and Installation Plan 
(CSIP). However, the Applicant appears 
to have set out how this would occur 
through liaison with an Ecological Clerk 
of Works and ongoing dialogue. Please 
explain why you do not think that this 
would be adequate. What specific 
measures do you suggest?  


Natural England recognises that the Applicant is 
making upfront assumptions in relation to 
contractor installation capabilities, before they 
have a contractor on board. It is recognised that 
not all contractors will be able to deliver all 
requirements. Therefore we are seeking 
assurances on how the applicant will ensure the 
contractor can deliver on the ground what they are 
committing to now i.e. is the applicant committing 
themselves to have a contract tender/s for the 
work that specifies any particular 
requirements/tools to achieve desired outcomes. 


F2.6 You note in paragraph 10 of your D6 
submission [REP6-048] that the 
Applicant hasn’t considered mixed 
sediments. The ExA notes that they are 
not listed in table 4.2. Do you have any 
further clarification from your geologist 
to be able to elaborate on this point? 
Do you have any further comments on 
the adequacy of the ground model?  


Please refer to ANNEX A of our D7 submission 
where we have provided further advice on REP5 -
10.  
 
Our Stratigrapher has raised some concerns in 
relation to the adequacy the ground model 
particulary in relation to coverage, lithologies, and 
Ground models (section 3), but is unfortunately 
without more evidence from the Applicant we are 
unable to provide further advice in relation to 
mixed sediment.  
 
As a sub feature of Annex I sandbanks it is highly 
probable that this features will be regularly found 
along the cable route. Mixed sediment have 
proven to be challenging for cable installation for 
other projects and therefore It would be helpful for 
the Applicant to consider this further. 


F2.7 Please explain how seeing the detail of 
the geotechnical surveys undertaken in 
2018 within the Wash and North 
Norfolk Coast Special Area of 
Conservation, as set out in paragraph 
13 of your D6 submission [REP6-048], 
would inform your views and help the 
examination at this stage?  
 


As with other thematic areas such as Ornithology 
having sight of the survey data can often help us 
formulate our own views on what the data shows 
and enable us to have a better understanding on 
what the applicant has based their assessment on. 
It would hopefully provide a greater degree of 
confidence in the findings of the PTA. 
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F2.8 Please elaborate on the point you made 
about Edmond Ground in paragraph 15 
of your D6 submission [REP6-048]. How 
does this relate to potential impacts on 
site integrity.  
 


Please see sections 1 and 3 of ANNEX A of Natural 
Deadline 7 submission. 


F2.9 You have suggested in paragraph 16 of 
your D6 submission [REP6-048] that the 
Applicant might not be able to trench 
through Boulder’s Bank because of the 
stiff clay. This contradicts the 
applicant’s tool assessment which 
highlights two viable trenching options. 
What technical evidence or direct 
engineering experience have you drawn 
upon to suggest that either mechanical 
trenchers or cable ploughs would be 
unsuitable under these circumstances? 
What are JNCCs views and how are they 
informed by direct engineering 
knowledge of the equipment that 
would be used? If cable trenching has 
been unsuccessful elsewhere was the 
trenching equipment the same in all 
respects as the equipment that would 
be used in this project?  
 


Please see Further comments on REP5-010  
submitted at Deadline 7. (Annex A) 
 
Please note that the Applicant themselves have 
identified that outcropping stiff clay is particularly 
challenging to install cable through, citing one 
advantage of the alternative route through The 
Wash and Norfolk Coast SAC away from Cromer 
Shoal Chalk Beds MCZ is avoiding known 
outcropping clay within the MCZ.  
 
Whilst Natural England’s Stratigrapher has also 
highlighted the challenges of this sediment, we do 
not have sufficient engineering knowledge of the 
specific equipment and or evidence presented in 
the PTA to comment on the unsuitability of the 
equipment.   
 
Whilst both Natural England and JNCC are aware 
that stiff clay was a challenge this awareness is 
derived from industry who have cited challenges 
with stiff clay as justification to progress 
alternative installation options which avoid those 
areas. We are also  aware that both Sheringham 
Shoal and Humber Gateway OWFs have cut 
through stiff clay in  the near shore area some of 
which is part of the boulder bank formation there 
is no evidence to demonstrate how analogous that 
is to stiff clay formations in the offshore 
environment.   
 
And whilst we know that cutting tools where 
required for those two projects, we do not have 
sufficient information on the schematics of the 
tools to make an direct comparison of the 
equipment presented in the PTA and/or evidence 
of the impacts of using said tools on designated 
site features as either outside of a site or 
monitoring not undertaken.  In addition as set out 
in question F.2.5 The PTA sets out known tools on 
the market that could undertake the work to the 
desired outcome. But as with all equipment some 
manufactures and models are better than others at 
achieving the desired outcome. 
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F2.10 You queried the consistency of the 
chalk in paragraphs 19 and 21 of your 
D6 submission [REP6-048]. What, if 
anything, do you infer from the fact that 
all of the sample cores readily 
penetrated the chalk up to a depth of 
6m? If there was no impedance why 
would a mechanical trencher not work 
under these circumstances?  


Please see “NE’s Further Advice on PTA” section 2 
submitted at deadline 7 in relation to the chalk. 
Natural England acknowledges that a trencher 
could work in these habitats as Sheringham Shoal 
used similar. However, the scale of the impact 
remains unknown.  But we remain cautious 
because similar CPT tests where undertaken prior 
to construction for other projects only for the 
installation tool to fail in burying to the optimum 
depth. Is this because the wrong tool was 
chosen/used for the job? Or is it a compromise 
between repeatedly switching between tools and 
potential requirement for cable protection 
therefore choosing a suboptimal tool for one 
particular habitat in favour for one that is more of 
a generalist that can install in most habitats  


Cable Protection Decomissioning 


F2.11 The Rock Protection Decommissioning 
Report submitted at D6 [REP6-018] 
states that rock protection measures 
could be removed either with a Trailing 
Suction Hopper or a Backhoe Dredger. If 
up to 30cm of seabed was removed, 
would you still conclude that the 
removal of the rock protection would 
lead to the permanent loss of interest 
features? Would this conclusion apply 
equally to all features or would some 
have a greater potential for recovery? If 
so, which ones? Do you have any other 
comments to make regarding this 
report?  


Please see section 7 ANNEX C of our D7 submission 
which provides our advice on the limitations of 
REP6 – 018. 
 
Natural England remains of the view that removal 
of 30cm of Annex I feature below the rock 
armouring would be a permanent habitat loss.  
 
The Annex I habitat that has the greatest potential 
for recovery is Annex I Sandbanks, but not where 
there are mixed and coarse sediment sub features.   
Natural England is of a view that for all other 
features an AEoI can’t be ruled out. 


F2.12 The Applicant has highlighted the fact 
that some studies suggest a greater 
frequency of rocky habitats previously 
occurred in the North Sea and that 
significant infaunal and epifaunal 
communities, including sabbelariid 
reefs, can develop on rock berms [REP1-
138]. What are your views? Could the 
rock protection lead to ‘no net loss’ of 
biodiversity in its broader sense? What 
would be the consequences of 
removing rock protection under those 
circumstances?  


 


Please ANNEX B of our D7 submission in which 
Natural England presents our advice on 
colonisation of Sabellaria spinulosa on rock 
armouring. 
Please note that whilst we don’t disagree that the 
North Sea may have looked very different in the 
past. The habitats Regulations requirements is to 
protect the interest features of the sites at the 
time of designation.  
 
Therefore, our advice remains unchanged. 


F2.13 In your D6 response [REP6-055] you 
state that you would welcome the 
inclusion of a commitment to remove 
rock protection in the dDCO but you 
then go on to state that it no longer 


Natural England welcomes any commitment to 
minimise the impacts the impacts of a project.  
 
Natural England has previously considered the 
removal of cable protection as mitigation as the 
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provides mitigation and that you have 
significant concerns over its 
effectiveness. Why would a condition 
be justified if it would not provide the 
necessary mitigation?  
 


impacts would be ‘long lasting, but temporary’ 
(Dogger Bank Creyke Beck 2014 and Dogger Bank 
Teesside 2015). However as set out in our Deadline 
1 response we no longer have the confidence that 
decommissioning can occur and if it can that there 
wouldn’t be wider impacts to the features as a 
result i.e. permanent removal of the interest 
feature. 


North Norfolk Sandbanks and Saturn Reef Special Area of Conservation  


F2.14 You referred to a ‘standard set of 
analyses’ in your D6 response [REP6-47] 
to a D4 submission [REP4-097]. Please 
indicate where this standard has been 
established, whether it has been subject 
to peer review in an academic journal 
and the extent to which benthic 
researchers apply the analysis you 
favour in the peer reviewed literature. If 
there is more than one accepted way to 
analyse benthic data why is the 
approach used by the Applicant 
unacceptable?  
 


The SNCBs advice to all developers and marine 
industries on best practice/standard set of analyses 
are based on our ongoing consideration of 
casework and assessment that have been 
undertaken and all relevant peer reviewed 
guidance that is out there (best available 
evidence). And yes these are subject to change as 
knowledge and understanding evolves. Therefore 
we are not necessarily saying the applicant is 
incorrect in their approach, but we are trying to 
ensure that the competent authorities can 
undertake an equitable in-combination assessment 
i.e. comparing apples with apples and the only way 
to do this is to undertake standard analysis to 
provide a common currency. The applicant figures 
could then be used by the competent authority (if 
considered appropriate) to inform the level of 
confidence or risk around standard analysis figures. 


F2.15 In your D6 response [REP6-47] you 
stated that the methodology used by 
the Applicant, which includes the 
techniques highlighted in Jenkins et al. 
(2015), was not ‘scientifically rigorous’. 
Could you explain why you consider this 
to be the case and whether this was 
related to the sampling strategy, sample 
processing, measurements or the 
processing of the resulting data? In your 
view, what should have been done 
differently and why?  


Natural England has provided the Examiner at D7 
with a copy of a JNCC report on undertaking 
surveys within MPAs. This is provided to help 
demonstrate the expected survey design and effort 
required when trying to determine the scale of the 
impacts and possible mitigation measures required 
for sustainable development in SACs. Short of 
doing further surveys, it is our opinion there is 
nothing that the Applicant can do at this time to 
address the survey shortfall and therefore their 
remains scientific doubt. And whilst any pre-
construction survey could provide that rigour it 
doesn't address our current uncertainties 


The Wash and North Norfolk Coast 


F2.16 You raised a number of concerns in 
your D6 submission [REP6-051] in 
relation to the revised in combination 
assessment for this site [REP3-024]. You 
noted that the assessment did not 
include Race Bank or explicitly consider 
permanent loss from cable protection. 
Please explain these comments in more 
detail bearing in mind, among other 
things, the content of section 3 and 


The details behind the figures included in table 3.1 
have not explicitly been included, therefore we are 
unable to collaborate any figures presented here.   
 
Please also note that discussions in relation to Race 
Bank cable protection are ongoing and currently 
we are unable to advise that an adverse effect on 
integrity could be ruled out alone.  
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table 3-1 of [REP3-024]. You have also 
noted a failure to consider the ‘Large 
Shallow Inlet and Bay’ feature. What did 
your own data from the MAGIC website 
show? If there was no overlap with the 
cable export corridor why should it be 
considered in the assessment?  
 


Whilst MAGIC provide a boundary for the Large 
Shallow Inlet and Bay Feature the conservation 
advise packages and objectives for The Wash and 
North Norfolk Coast doesn’t make the same 
distinction. Therefore we don’t believe that it was 
appropriate to screen this feature out at the tLSE 
stage, but recognise that an argument could be put 
forward to demonstrate why there is unlikely to be 
an AEoI. 
 


Cromer Shoal Chalk Beds Marine Conservation Zone (MCZ) 


F2.17 In your D6 submission [REP6-050] you 
recommend further discussions with 
relevant parties over Measures of 
Equivalent Environmental Benefit 
(MEEB). Section 126(5) of the Marine & 
Coastal Access Act (2009) states that 
authorisation should not be granted 
where harm might be caused unless 
three tests are met which includes 
arrangements for MEEB. Section 126(9) 
requires an authority to attach 
conditions to an authorisation in order 
to secure MEEB. As a consequence, and 
given your unresolved concerns, is it the 
case that consent cannot be granted for 
the proposal unless MEEB are secured 
through the dDCO? If this is the case 
then what would be your advice to the 
SoS?  
 


If the SoS were to conclude that the impacts on the 
MCZ were significant and that MEEB are required, 
we would recommend that further Advice is sought 
from Defra on the status of the designation (noting 
that we do not yet have a timetable for the 
decision on tranche 3 sites) and for further 
guidance in relation to MEEB. 
 
As highlighted in our D6 [REP6-050], there is 
currently no formal guidance on MEEB, 
consequently we would we would recommend that 
discussions relating to MEEB (should the need 
arise) include input from the SNCBs, Regulatory 
Agencies (i.e. MMO and BEIS) and Defra. 
 
[It should be noted that the applicant has 
concluded that the impacts are not significant]. 
 
The Applicant has not provided information in their 
application or additional submissions that allows 
Natural England to understand and advise the 
potential significance of impacts to the designated 
features at this stage. 
 
Natural England hopes to explore this matter with 
the applicant over the coming week, with a view to 
informing our SoCG with the Applicant.” 
 
 


Markham’s Triangle pMCZ 


F2.18 Do you consider that the proposed 
reduction in the maximum design 
envelope within Markham’s Triangle 
and removal of cable/scour protection 
would reduce the risk of hindering the 
conservation objectives to an 
acceptable level at this site? If this is not 
the case, do you also advise that MEEB 
should be secured for this site?  
 


Natural England’s understanding is that the 
commitment to reduce the Maximum Design 
scenario from 24% overlap with the pMCZ to 10.5% 
is secured within the dDCO/DML. 
 
Obviously, the reduction of infrastructure in the 
site would intuitively reduce the overall footprint 
of impact within the site. However, as explained 
further in NE’s Deadline 7 Submission “Summary of 
Advice on Markham’s Triangle pMCZ” NE/JNCC 
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would require further information before we could 
comment on the likely significance of the impact 
on each feature of the site. 
 
It should also be noted that NE would consider 
cable/scour protection would constitute a 
permanent impact on the site 
 
 
 


F2.20 If Markham’s Triangle is designated as 
an MCZ before the SoS determines the 
application, is it the case that consent 
cannot be granted for the proposal 
unless MEEB are secured through the 
dDCO? If this is the case then what 
would be your advice to the SoS?  
 


As Markham’s Triangle is a pMCZ it is a material 
consideration and therefore should be treated in 
the same way as a designated MCZ. 


F2.21 In your D4 response [REP1-131] you 
raised concerns over inconsistencies in 
biotope classification compared to 
Sotheran et al. (2017). Given that the 
majority of samples were in the eastern 
part of Markham’s Triangle, away from 
the array area, how can this survey be 
considered representative and why do 
the inconsistencies matter? Whilst 
some samples indicated a different 
biotope in the western area, the 
Applicant considers that there would be 
no significant difference in 
recoverability given the similarity to 
what was identified in their own 
analysis [REP5-008]. How do you 
respond? Sotheran et al. (2017) states 
that ‘biotope allocation can be 
subjective and dependent on the 
opinion of the analyst’. If there is no 
objective method of   
assigning biotopes could the differences 
not simply be the result of subjective 
similarity thresholds that were used in 
the cluster analysis?  
 


Whilst NE and JNCC would be happy to answer this 
question in detail, we would first direct the ExA to 
consider NE’s Deadline 7 Submission: Summary of 
Advice on Markham’s Triangle pMCZ. 
  
Should the ExA have any further Questions we 
would be happy to provide further comment. 


F2.22 In your D4 response [REP1-131] you 
stated that the applicant has not 
undertaken MCZ assessments in a way 
that allows the best scientific 
understanding of the potential impacts. 
Can you be more specific about what, in 
your view, needs to be done to enable 


Please note, Natural England has provided a 
summary of our position on Markham’s Triangle 
pMCZ, and Cromer Shoal Chalk Beds MCZ with our 
Deadline 7 submission. 
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the impacts to be more clearly 
understood for both Markham’s 
Triangle and Cromer Shoal Chalk Beds?  
 


Natural England hopes to explore this matter with 
the applicant over the coming week, with a view to 
informing our SoCG with the Applicant. 


Cumulative Benthic Effects 


F2.23 In your D4 response [REP4-130] you 
stated that repetitive impacts on the 
same benthic footprints had not been 
adequately considered between 
different stages of installation and 
under a phased scenario. The Applicant 
disputes your position and has stated 
that no recovery was assumed between 
different phases of installation [REP1-
178] and that the approach to assessing 
cumulative impacts was no different to 
other projects [ERP4-012]. In the light of 
these comments what are your 
outstanding concerns and are they 
sufficient to conclude that the 
cumulative impact assessments are 
flawed? If so, please suggest how this 
should be remedied..  
 


Natural England notes that in [REP - 178] the 
applicant has not an anticipated that recovery will 
happen between both the different construction 
stages and the phased builds. Therefore any 
Appropriate Assessment would need to take into 
account both the spatial and temporal impact to 
the interest feature/s of the site. As there could 13 
years of impact before the site would start to 
recover and up to 18 before full recovery could 
occur unless cable protection was used when we 
believe there would be a permanent habitat 
change. 
 
Therefore we can confirm that we do not believe 
the cumulative impact is flawed, it is more a 
recognition of the temporal scale of the impacts  


Marine Mammal Site Integrity Plan 


F2.24 You stated at ISH5 [REP6-055] that you 
were awaiting general guidance on Site 
Integrity Plans (SIP) from BEIS and the 
MMO as part of the Review of 
Consents. Do you have any further 
information?  
 


BEIS/MMO conducted a second consultation on 
what the SIP will include. Natural England have 
responded, but still have concerns that there is no 
mechanism for the review and oversight of 
multiple SIPs. 
 


F2.25 You stated at ISH5 [REP6-055] that you 
required a mechanism to enable 
regulators to consider the impact of 
multiple SIPs occurring over varying 
timescales and that procedural 
elements need to be in place to ensure 
noise generating activities do not 
happen at once. Do you have any 
suggestions about how this could be 
achieved bearing in mind the legal 
scope of the dDCO?  
 


Natural England consider that the current 
requirement within the dDCO for a SIP to be 
produced and signed off by the MMO (in 
consultation with the SNCBs) prior to construction 
commencing, would be sufficient to address the 
AEoI issue. 
 
The point Natural England seeking to raise is that in 
order for the SIP to be signed off, it would need to 
be demonstrated that there would not be an 
adverse effect on site integrity in combination. This 
would require consideration of multiple SIPs over 
different timescales, and as yet there is no 
mechanism in place for this which would presents 
a potential risk to the project (rather than the 
harbour porpoise) down the line. 
 


Ornithological Collision Risk Model 
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F2.26 The Applicant submitted a revised 
Collision Risk Model (CRM) analysis at 
D6 that includes your recommended 
parameters [REP6-043]. Leaving aside 
the baseline data issue, please can you 
indicate precisely which aspects of this 
analysis accord with your original 
recommendation and how any relevant 
results would alter the baseline 
mortality estimates for gannet and 
kittiwake, as set out in tables 7.13 and 
7.17 of [APP-051] and tables 5.26 and 
5.27 of [APP-065]. Please address 
whether the apportioning outside the 
core breeding season is realistic and 
give a reasoned justification for your 
conclusion. In your D1 submission 
[REP1-211] you recommend the use of 
Option 2 but do not specify which 
generic height data should be used. 
Please indicate your preferred choice. 
Please also submit a table showing what 
CRM parameters you feel should be 
applied to each species and the 
publications that justify each of your 
choices, these should include: 
proportion flying at risk height, 
windfarm latitude, nocturnal activity 
factor,  
flight speed (m/sec), wing span (m), bird 
length (m), flight style, proportion of 
upwind flights, avoidance rate for the 
basic model and avoidance rate for the 
extended model.  
 


Applicant’s revised collision risk modelling 
Natural England has provided precise information 
on the aspects of REP6-043 that accord with our 
advice in the Table 1 below and in ANNEX E of our 
D7 submission, including how these affect the 
annual mortality relative to the baseline mortality 
for gannet and kittiwake for comparison with 
information presented by the Applicant as set out 
in tables 7.13 and 7.17 of [APP-051] and tables 
5.26 and 5.27 of [APP-065] and associated text. 
Apportioning outside the core breeding season. 
Birds are apportioned to individual SPAs 
throughout the year – outside the breeding season 
the standard approach is to refer to Furness (2015 
- REP4-036) and derive proportions from this. The 
approach set out in Furness (2015) defines 
seasonal ‘biologically defined minimum population 
sizes – (BDMPS), and calculates what proportion a 
particular SPA population constitutes of this 
BDMPS.  (e.g. 4.8% of the total gannet population 
estimated to be in the North Sea in the post 
breeding season are estimated to be adults that 
breed at FFC SPA)   
During the breeding season the approach in the 
past (if only one breeding colony is within foraging 
range) has been to assume either that 100% of 
birds are apportioned or that 100% of  adults are 
connected (and hence apportioned) to the colony 
in question.    
As NE have explained in our response to the first Ex 
A (REP1-212 Q1.2.51) and in our written 
representation (REP1-211, Section 7.9-7.15), the 
outcome of defining a ‘core’ breeding season (i.e. 
excluding ‘non-core’ early/late breeding season 
months) is that a very low number of birds are 
apportioned to the colony in the ‘non-core’ 
breeding season months .As an example, in the 
case of Gannet the applicant has defined the ‘core’ 
breeding season as April – August.  In August 
somewhere between 40-60+% of birds are 
apportioned to FFC SPA (depending on the data set 
used to inform the % of adults observed – in the 
case of Gannets adults can be aged, so there is no 
reason to think that immatures are included in this 
figure).  In September, FFC SPA reserve 
managers/researchers observe substantial 
numbers of birds to still be present at the breeding 
colony,(RSPB, pers com, Langston et al 2012) 
however only 4.8% of birds observed at the project 
site would be apportioned to FFC.  We do not 
consider this approach to apportioning in the ‘non-
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core’ breeding months to be a realistic, and more 
specifically we consider this approach to lead to an 
underestimation of impact at the SPA in question 
(FFC) which is contrary to the precautionary 
principle.    
The most data driven approach is to assume that 
all adults observed during the full breeding season 
(‘core and non ‘core) are apportioned to FFC SPA 
based on the proportion of adults at the project 
site (admittedly, for kittiwake and puffin this is 
‘adult-type’ birds which will contain an unknown 
proportion of pre-adult birds).  We do not have 
specific data that will inform the proportion of 
birds that are non-FFC birds, or the proportion of 
immatures (in the case of puffin and kittiwake).  If 
this approach is employed it is the case that an 
unknown proportion of birds will be incorrectly 
apportioned to FFC SPA, i.e. the impact may be 
over-estimated. 
The two approaches then, ‘core’ vs ‘full’ breeding 
season apportioning lead to inaccuracies – either 
under or over estimating the impact (respectively).  
However, of the two approaches, NE consider the 
latter is more appropriate and justifiable, it makes 
no assumptions in regards when the ‘core’ months 
might be (an aspect open to considerable debate) 
and establishes a precautionary baseline that can 
be examined via presentation of a range of lower 
apportioning rates.  NE suggested presenting a 
range of apportioning values (in much the same 
way that a range of displacement and mortality 
effects are presented for displacement) 
acknowledging that there is likely to be a 
proportion of non-breeding adult FFC birds 
present, and the applicant has followed this advice 
and presented such a range in REP4-049 (e.g. Table 
1.28 Annex C). 
Generic height data for use with Option 2 of the 
Band Model. 
See below table for information on the generic 
flight height data that Natural England advises 
should be used with Option 2 of the Band (2012) 
collision model and other CRM parameter 
information requested. 
 


F2.27 In your D1 response [REP1-211] you use 
Johnston and Cook (2016) as one of the 
reasons for rejecting the use of boat-
based observations of flight height from 
earlier Hornsea projects when used in 
conjunction with digital aerial survey 


The issue that Natural England raised in our [REP1-
211] response related specifically to the use of 
flight height distributions generated from boat-
based observations with density data derived from 
digital aerial data when the Extended Band Model 
is used. The Extended Band model does not use a 
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data. Why does this matter when: a) 
the same study shows that there was 
only a significant overall difference in 
height estimation between the two 
methods for gannet and Sandwich tern; 
and b) a supplementary aerial survey 
[REP2-017] indicates that the flight 
heights recorded during boat-based 
surveys are representative of flight 
behaviour of birds in the array area 
when recorded by more accurate 
means.  
 


simple percentage of birds at collision height (PCH) 
measure, but uses detailed information on flight 
height distributions in one metre height intervals. 
Johnston and Cook (2016) found that for most 
species, the fitted distributions generated from 
digital aerial survey data differed from 
distributions previously estimated with boat survey 
data. The reasons for these differences were not 
clear and may have included different observation 
processes and data collection processes resulting 
in for example, differences in the accuracy of the 
different survey methods, analytical differences, 
site-specific differences, survey times in different 
seasons or times of day, behavioural patterns 
affected by the presence of boats or planes 
(Johnston and Cook 2016).  
So although Johnston and Cook (2016) found that 
the estimated proportion at potential collision 
height for the distributions derived from boat 
survey data and digital aerial data was similar for 5 
out of 7 species, the fitted distributions that are 
needed for the Extended Band Model were not. In 
other words it is possible to have a similar value for 
PCH but for the fine scale distribution of flight 
heights to be different between datasets.  
As a result Johnston and Cook (2016) concluded 
that “if the extended Band model is used, the flight 
height distributions may not be transferable across 
platforms, i.e. distributions derived from digital 
aerial survey data should not be used with densities 
derived from boat-based surveys and vice versa.” 
Natural England do not agree that the 
supplementary aerial survey [REP2-017] provides 
evidence to prove that the flight heights recorded 
during boat-based surveys are representative of 
flight behaviour of birds in the array area. 
The Applicant did not test whether the flight 
heights from the LiDAR data were statistically 
comparable with the historical boat based data 
used in the Applicant’s collision risk modelling. The 
LiDAR data collected by the Applicant was limited 
to July and August 2017. Flight heights of species 
are known to vary by season, so any comparison 
with historical flight height data would need to 
account for this.  The study did not use a LiDAR 
scanner synchronised with digital still cameras to 
measure the flight height of identified seabirds (eg. 
as in Cook et al 2018), instead the Applicant used 
the LiDAR data to indicate where in a separate 
image database to find an image subset, and from 
there make a manual visual interpretation of 
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species. No review of the robustness of this 
method has been undertaken. Using this method 
the Applicant was not able to identify all birds to 
species level in their study – for example the 
Applicant states that “Thirty-four birds were 
identified as probable Kittiwake across HOW03. 
However, it was also considered likely that the 
majority of birds identified as grey backed gull 
species from the images (91 birds) were also 
Kittiwake”. Given that there are differences in the 
flight height behaviour of the different gull species, 
being able to accurately identify birds to a species 
level is important. 
The Applicant also states that “The findings of this 
study found a markedly lower proportion of birds at 
potential collision height than the baseline 
characterisation surveys at HOW03 (HiDef pers 
comm.)”, however it is not clear whether this 
statement refers to the digital aerial baseline data 
or the historical boat based data. The Applicant 
states that “In combination with those birds 
identified as probable Kittiwake (34 birds), only 
2.4% (3) of grey backed gulls flying were at 
potential collision risk. This is markedly lower than 
the proportion of Kittiwakes baseline 
characterisation surveys at HOW03 have identified 
as being at collision risk…”. This statement is 
confusing as the Applicant has used a PCH value of 
0.78% for kittiwake in collision risk modelling at 
Hornsea Project Three (Table 1.6 [REP-109]) which 
the Applicant apparently derived from the boat 
based survey data for Hornsea Project Three. 
Further, this statement does not seem to indicate 
that the LiDAR data demonstrate that “flight 
heights recorded during boat-based surveys are 
representative of flight behaviour of birds in the 
array area when recorded by more accurate 
means” as stated in part b of question F2.27.  
Using LIDAR is a novel approach to assess height 
information. The Applicant has stated that the 
work presented in [REP2-017] was a pilot trial to 
test a system. Most birds were not identified to 
species level, therefore it is difficult to draw 
conclusions on flight heights at a species level. 
Neither the method, nor the data derived by the 
Applicant has been reviewed in detail in terms of 
robustness. 
Natural England does not believe that the LIDAR 
methodology has been validated so it would be a 
leap for the applicant to state that this validates 
the boat based data in any way.There have only 
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been a few studies with LIDAR data. Until recently 
there was a widely accepted methodology for 
using digital aerial survey data to derive flight 
height which has now been shown to be invalid, so 
this demonstrates the need to fully evaluate 
methodologies prior to accepting them. 
 


F2.28 In your D3 response [REP3-075] you 
state that the flight height data in Skov 
et al. (2018) are not more widely 
applicable because the results relate to 
a single site outside the breeding 
season. Figure 3.4 of Skov et al. (2018) 
seems to suggest otherwise. Please 
explain the basis for your view that 
flight height measurements in this study 
did not occur during the breeding 
season. Given that Pennycuick 1987 
relates to a single site why is it more 
acceptable to use this as the basis for 
gannet flight speed estimation in a CRM 
rather than Skov et al. (2018) which has 
a larger sample size? What evidence do 
you have to suggest that flight speed 
varies in a statistically significant 
manner between spatially distinct 
seabird populations?  
 


Our comments regarding the ORJIP study were in 
relation to the flight speed data not flight height 
data, as the Applicant has proposed use of the 
Skov et al (2018) data presented on flight speeds 
but not the data collected for flight heights. Figure 
3.4 of Skov et al (2018) shows the fieldwork effort 
from 1 July 2014 - 14 April 2016 for the ORJIP 
study. This does include survey effort in months 
that represent the breeding season for seabird 
species, but does not indicate if birds were 
recorded in those months. In the case of kittiwake 
the majority of rangefinder track samples (which 
were the platform used to derive flight speed data) 
came from the non-breeding season months (~84% 
of rangefinder tracks were from the months 
September to February), and of those ~16% of 
tracks that were recorded between March and 
August, 86% were in March. Further, there are no 
colonies within foraging range of Thanet for 
kittiwake (or gannet) so Natural England’s view is 
that any flight speed records from breeding season 
months for these species will not relate to birds 
that are engaged in breeding activity in that 
season. This is the basis for our view that flight 
behaviour measurements relate to a single site 
(Thanet OWF) and the data are derived from birds 
that were not breeding birds with foraging 
connectivity to a colony, and further were birds 
that were recorded predominantly in non-breeding 
season months. 
Bird flight speeds are highly variable depending on 
environmental factors, notably wind speed and 
direction as well as behavioural state e.g. 
migrating, foraging, and also at different stages of 
breeding season (e.g. incubation versus chick 
rearing) e.g. Elliott and Gaston 2005, Pennycuik 
1987, Spear and Ainley 2008), all of which have a 
spatial as well as temporal component. 
For example, GPS logger data from studies of great 
black-backed gulls at two sites – one in Swedish 
Baltic Sea and the other in Danish Kattegat showed 
a similar distribution of flight speeds, but the mean 
flight speed for the Swedish data was 45.1 km/hr 
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compared to 38.8 km/hr for the Danish offshore 
data (Gyimesi et al. 2017). 
Seabird flight speed data for use in CRM with the 
Band Model have typically been taken from 
Pennycuik 1987,1997 for gannet and Pennycuik 
1987,1997 and Alerstam et al 2007 for kittiwake. 
The Pennycuik data are based on observations at 
Foula, Shetland. Foula is an SPA for breeding 
seabirds including kittiwake.  
Natural England accepts that there are now 
additional sources of data available which include 
information on flight speeds (e.g. from seabird 
tracking studies) and that a review is needed of 
appropriate flight speeds and variability around 
these to use for Collision Risk Modelling. However 
this needs to be based on all of the available 
information, and not just a single study or set of 
outputs. There is no evidence that any single 
published set of figures is more appropriate than 
the current set, irrespective of sample sizes and 
what those “samples” represent (e.g. number of 
birds, number of tracks, number of segments 
within tracks, length of tracks etc). There are a 
number of factors that need to be considered 
including weather conditions at the time of the 
studies, methods used to measure flights speeds 
(e.g. rangefinders, data from tagged birds etc) and 
methods used to analyse the data and derive flight 
speed statistics (e.g. how data have been 
processed for analysis and how flight speed data 
have been calculated from the recorded 
information), as well as time of year and location 
of studies. 
A further consideration is that the appropriate 
avoidance rates (ARs) to use in CRM are dependent 
on other model parameters and flight speed is one 
of these. The avoidance rates that Natural England 
advise are used for CRM with Band (2012) were 
calculated using the flight speed data from 
Pennycuik/Alerstam et al. and are based on the 
work in Cook et al (2014) which derived ARs using 
flight speeds from Pennycuik/Alterstam et al. 
These ARs are not transferable for use in CRM with 
the flight speed data from Skov et al. (2018). 
Natural England note that projects that have 
generated collision risk figures that use Pennycuik 
(1987) and Alerstam et al (2007) flight speed data 
include East Anglia 1, Burbo Bank Extension, 
Hornsea Project One, Hornsea Project Two, Dogger 
Bank Creyke Beck, Dogger Bank Teesside, East 
Anglia 3, Beatrice, Moray East, Nearte na Gaoithe, 







 


16 
 


Norfolk Vanguard, Thanet Extension (noting that 
the Skov et al (2018) study was based at Thanet 
OWF) and Hornsea Project Three in their original 
ES and RIAA, amongst others. 
Given that the majority of projects that have 
recently been consented or are in the planning 
system have used Pennycuik/Alterstam et al. 
figures and that the ARs that are recommended by 
the SNCBs for the key species were derived using 
the Pennycuik/Alterstam et al. flight speed data, 
Natural England advise that these figures should be 
used until a full review of all evidence sources has 
been undertaken. 
 


F2.29 In your D6 submission [REP6-055] you 
stated that you were in the process of 
reviewing Bowgen and Cook (2018) and 
the implications it has for SNCB advice 
on collision risk modelling 
parameterisation. Please provide a 
summary of your conclusions in relation 
to this study. If the recommendations in 
JNCC (2014) have changed then please 
include any revised Apportioning Rate 
(AR) and flight height values and 
provide a view on the implications this 
has for the CRM analysis that informed 
the ES and RIAA.  
 


The recommendations in JNCC et al (2014) have 
not changed. As stated in F2.29, the SNCB’s are 
currently reviewing the evidence on avoidance 
rates presented in the recently published Bowgen 
and Cook (2018), and its implications for SNCB 
advice on CRM parameterisation, including 
avoidance rates (AR). This work is ongoing and will 
not be completed before the end of the Hornsea 
Project Three examination.  
Therefore Natural England’s position remains that 
the appropriate avoidance rates to use with Band 
(2012) model are those set out in the SNCB 
guidance note JNCC et al (2014) as provided in 
advice to Hornsea Three through the Evidence 
Working Group process, Scoping and PEiR stages of 
the Application as well as to other projects 
currently in the planning system.  
 


F2.30 The following publication does not 
appear to be present in the examination 
library: JNCC et al. (2014) Joint 
Response from the Statutory Nature 
Conservation Bodies to the Marine 
Scotland Science Avoidance Rate 
Review, 25th November 2014. Please 
submit a copy.  
 


A copy of this report is provided with our Deadline 
7 Submission. 


 


 


Table 1. CRM Parameter information requested by ExA. 


Parameter Ref Gannet Kittiwake Lesser BBG Great BBG Herring 
Gull 


Proportion 
flying at risk 


PCH is not a relevant parameter as NE advise use of Band Model Option 2. This 
uses the flight height distributions available as a spreadsheet from the authors of 
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height 
(PCH) 


Johnston et al (2014a,b) to calculate PCH values within the Band Model. Summaries 
of these data are available in the corrigendum of Johnston et al (2014a,b). 


Windfarm 
Latitude 


This is not something that Natural England can provide. The developer has 
specified a latitude for the windfarm in Table 1.4 of Annex 5.3 of their ES [APP-109] 


Nocturnal 
Activity 
Factor 
(NAF) 


Natural 
England Annex 
C [REP1-211] 


1-2 2-3 2-3 2-3 2-3 


Flight Speed Speed data 
taken from 
Pennycuick 
(1987,1997) 
and Alerstam 
et al. (2007) 
and used in 
Cook et al. 
(2014). Copied 
here for 
reference for 
ExA. In m/sec 


14.9 13.1 13.1 13.7 12.8 


Wingspan Approach is to follow guidance in Band (2012) “these should be drawn from 
standard reference works, eg Cramp & Simmons (1983) or from BTO Bird Facts”. 
The Applicant has used “Robinson 2017” which is the BTO Bird Facts data. See 
Table 1.3 of Annex 5.3 of the ES. 
These are the same data used in Cook et al 2014. NE accepts the use of these 
parameters for CRM. 


Bird length Follow guidance in Band (2012) “these should be drawn from standard reference 
works, eg Cramp & Simmons (1983) or from BTO Bird Facts”. 
The Applicant has used Robinson 2017 which is the BTO Bird Facts data. See Table 
1.3 of Annex 5.3 of the ES [APP-109]. 
These are the same data used in Cook et al 2014. NE accepts the use of these 
parameters for CRM. 


Flight style Applicant has used F (Flapping) for all species. Cook et al (2014) used G (Gliding) for 
GX, and F (Flapping) for all other species that are relevant to Hornsea Project 
Three. The Applicant states that use of Flapping rather than Gliding is more 
precautionary. Natural England have not tested this. 


Proportion 
upwind 
flights 


Band (2012) advises “This should be set to 50% unless survey indicates a 
predominant direction relative to wind, eg for large-scale migration flights.” 
Applicant has used 50%. Natural England accepted these assumptions for the 
HOW3 CRM 


Avoidance 
rate (AR) 
Basic Band 
Model 


JNCC (2014) 98.9 (98.7-
99.1) 


98.9 (98.7-
99.1) 


99.5 (99.4-
99.6 


99.5 (99.4-
99.6 


99.5 (99.4-
99.6 


Avoidance 
Rates (AR) 
Extended 
Band Model 


JNCC (2014) 
and Natural 
England Annex 
C [REP1-211] 


none none none none none 
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Natural England and JNCC joint Technical Guidance Note. 


 Providing management advice on MPA features – guidance on using feature data for 


the purposes of fisheries management including the use of buffers and margins  


 


4th November 2016 


 


1. Purpose of this guidance   


This guidance is primarily designed to provide support and clarity for fisheries casework 


advice. It will be reflected in new Conservation Advice packages ensuring consistency in 


advice provision; it is also designed to support regulators (Defra, the Marine Management 


Organisation and the Inshore Fisheries and Conservation Authorities). It seeks to underpin 


advice on how best to manage features where there is habitat heterogeneity or, conversely, 


uncertainty in the extent of feature distribution.  


This paper outlines the sequential process of how these issues have been addressed:  


• Firstly, briefly describing how feature presence and extent data are gathered and 


used; 


• Secondly, describing how issues such as habitat heterogeneity or spatial and 


temporal uncertainty of features can be addressed by Statutory Nature Conservation 


Bodies (SNCBs) to better inform fisheries management. In some instances the 


mapped areas proposed for feature protection may be augmented with a margin, to 


reduce the risk of not achieving the conservation objectives due to uncertainty in 


feature extent. Margins are added by SNCBs as part of their conservation advice.  


• Thirdly, providing an explanation of how buffers are determined and could be 


applied by regulators to existing feature presence and extent information to reduce 


the risk of damage to qualifying features from fishing gears.  


 


2. The process for using data to underpin feature presence and extent; application of 


margins and buffers 


 


2.1. Step 1: Protected features and the evidence which underpins them 


Evidence is typically generated through a range of techniques, including collection of 


acoustic data, and ground truthing methods such as seabed video/photo imagery, grabs, 


cores, trawls and dredge surveys. These techniques vary in their potential for accurately 


defining spatial coverage and resolution; in addition the feature extent is often defined using 


multiple layers of data. For example feature data may comprise point data which indicates 


the presence of a feature but not its extent, or derived from predictive habitat maps / 


modelled habitat maps derived from a mix of from acoustic survey data and ground truth 


data.  
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Data underpinning each protected feature of an MPA has been provided directly to 


regulators for offshore sites; for inshore sites these are available online via MAGIC1. These 


data show the best available evidence for the presence and extent of the following:  


• Protected features for designated Annex I habitats in marine Special Areas of 


Conservation; 


• Supporting habitats for bird species protected in marine Special Protection Areas; 


• Protected features and supporting habitats for designated RAMSAR features;  


• Protected features in Marine Conservation Zones.  


 


Due to the spatial scale and resolution of data underpinning protected features, defining 


feature extent for the purposes of advising on fisheries management may present a 


challenge. Section 2 provides some examples and describes how these issues may be 


addressed by SNCBs.   


 


2.2. Step 2: Using feature data for fisheries management purposes: accounting for 


feature heterogeneity/mosaics, and spatial/temporal uncertainty   


There are a number of factors for SNCBs to consider when using feature data for fisheries 


management purposes, depending on its spatial and temporal scale. 


 


(i) Accounting for feature heterogeneity/mosaics 


Considering the tendency for patchiness in sedimentary feature distribution across large 


tracts of the UK continental shelf (i.e. mix of muds-sands-gravels), it is possible to have high 


confidence in the presence and extent of a feature within a site but such heterogeneity can 


present challenges when attempting to define areas for feature-specific management. To 


overcome this problem, it is recommended that the area to be managed is defined from the 


perspective of managing the risk to achieving the site’s conservation objectives. For 


example, where a regulator is minded to remove such risk, the management boundary would 


be drawn to include the entire habitat mosaic in instances where the protected feature 


occurs as part of that mosaic. Where risk is being reduced, but not removed entirely, the 


management boundary could be drawn to capture a proportion of the mosaic. 


 


(ii) Accounting for spatial/temporal uncertainty  


In some instances, the precise location of a feature may be uncertain. Examples of such 


cases and how this might be dealt with include: 


• The use of point and modelled polygon data – in some sites evidence for feature 


presence and extent is based on point record data (e.g. seabed imagery/grab 


sampling) or modelled polygon data (e.g. sandbank delineation). Due to the nature of 


point based sampling, it typically yields high resolution but low spatial coverage 


datasets. In such cases it can prove difficult to extrapolate the extent of feature 


distribution with high confidence. When using modelled polygon data, the 


                                                           
1 http://magic.defra.gov.uk/home.htm The MAGIC website provides geographic information about the natural 


environment from across government.  



http://magic.defra.gov.uk/home.htm
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topographic methodologies used may give rise to some uncertainty in delineation of 


the features. Therefore, in both of these cases, the application of a margin may be 


appropriate to reduce the risk of impact on unmapped (and unknown) feature within 


the Marine Protected Area.                 


• Dynamic habitats - habitats that move with relative regularity may benefit from an 


appropriate margin that is determined through an understanding of the structure and 


function of the specific habitat. Features move at different rates, so this will be set 


according to site specific characteristics. As an example, at Margate and Long Sands 


SCI Natural England has recommended that the initial conservation advice provided 


should incorporate a realistic ten year window of mobility. This advice and addition of 


a margin is based on historic and contemporary empirical data on feature mobility 


and will ensure sufficient protection of the feature for the foreseeable future. 


• Ephemeral habitats – the optimum approach to map ephemeral features has been to 


use several data sets gathered over a reasonable time series. This helps inform 


delineation of a core area which protects the most regular and persistent occurrences 


of the feature. An alternative approach, where time series data is unavailable, is to 


use available point data (effectively spanning a single point in time) and, where 


appropriate, apply a margin to that. 


• Historical extent and recovery potential – Where there is evidence from historical 


data that the extent of a feature (e.g. cold water coral reef) has declined, this can be 


used to identify and highlight areas that are most likely to respond to management. 


Recognising that these areas typically lack evidence of existing feature presence, the 


advice is to include them within areas to be considered for management of the 


feature. This approach is consistent with that taken for management of Sabellaria 


reef in the Southern North Sea and Lophelia reef in the Celtic Sea. 


 


Where it is deemed appropriate to apply margins, regulators should consider the margin as 


if it were part of the feature.  


 


Margins may not always be appropriate for particular features in MPAs and decisions on the 


application of margins should be made on a site-by site basis. 


 


2.3. Step 3: Application of buffers; preventing damaging direct and indirect 


interactions with activities 


In the context of feature management, a buffer is defined as a spatial extension applied to 


known feature extent (including any potential margin) that safeguards the feature from 


accidental damage by an activity.  Such buffers are designed by the appropriate regulator 


(e.g. IFCA, MMO, and Defra).  


 


A buffer can be used to prevent direct damaging physical interactions (including 


unintentional damage) between a fishing activity and the interest feature e.g, trawler fishing 


outside the site, but the bottom towed gear has sufficient warp length to stray inside the site.  


In addition, the regulator may also wish to consider the use of buffers to prevent indirect 


damaging effects of an activity, for example the resettlement of sediments (which could 
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potentially adversely impact a reef feature) put into suspension by trawling. Regulators may 


seek advice from the relevant SNCB on the potential risk of such indirect effects prior to 


setting of a buffer.   


 


The application of a buffer may result in the feature receiving spatial protection outside of the 


marine protected area. In applying a buffer, the regulator must consider what constitutes 


adequate management for the site and what will best minimise the risk of not achieving the 


conservation objectives.     


 


3. Summary  


This guidance describes the sequential process of how protected features are underpinned 


by data and the process for attributing margins and buffers to specific sites and features.  


 


As stated in the paragraphs above, it is not always necessary to implement margins and 


buffers, especially where there is little or no uncertainty in feature presence or extent and 


fishing practices pose no threat of direct or indirect interactions.  


 


We have produced the following figure (figure 1) to summarise the elements described 


above. It highlights the additional feature protection which may be afforded to specific 


features if required on a site by site basis in order to ensure adequate spatial protection.    
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Figure 1: The components of feature, margin and buffer than when combined determine the 


area of spatial protection required for habitats and species of conservation importance.  
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 Features Consideration Annex I Sandbanks Annex I Reef 

1.1 Feature condition  Our latest view on condition is that the 
sandbank feature is in unfavourable 
condition and needs to be restored to 
favourable condition. Restoration of the 
feature requires an overall reduction, or 
removal, of pressures associated with 
human activities that cause impacts to the 
sandbanks’ extent and distribution, 
delineated by both substratum and 
biological communities. As such, any human 
activities which can cause pressures 
resulting in changes to substratum or 
biological communities to the sandbank 
feature may present a risk to the site’s 
restoration.  
 
We note that there is no expectation that 
The Applicant should demonstrate recovery 
of the site. Recovery is an objective for all 
sectors placing pressure on the site, 
including oil and gas, renewables, 
aggregates and fisheries. We do, however, 
expect The Applicant to demonstrate the 
risk levels that they believe their proposed 
operations will present to the restoration of 
the extent and distribution of the sandbank 
feature. We note that The Applicant may 
find our discussion of mitigation below 
helpful in this. As a minimum, this would be 
to demonstrate that proposed activities will 
be mitigated to not impede restoration, i.e. 
that activities will not increase the site’s 

Our latest view on condition is that the 
reef feature is in unfavourable condition 
and needs to be restored to favourable 
condition. Installation and/or removal of 
infrastructure may have a continuing 
effect on extent and distribution of the 
reef within the site. Restoration of the 
feature requires an overall reduction, or 
removal, of pressures associated with 
human activities that cause impacts to 
the reefs’ extent and distribution, 
delineated by both substratum and 
biological communities. As such, any 
human activities which can cause 
pressures resulting in changes to 
substratum or biological communities to 
the reef feature may present a risk to the 
site’s restoration. Activities must look to 
minimise, as far as is practicable, 
damaging the established, i.e. high 
confidence, reef within the site. 
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exposure to damaging pressures, 
particularly in regard to changes in extent 
and distribution of substratum and 
biological communities.  

2.1 Survey Data Project specific incl. 
Survey effort 

NE considered that the initial survey effort was sufficient to provide a basic consent 
characterisation of the development area, and that this level of information remains 
suitable at an EIA scale. Recognising that further surveys will be required should 
consent be granted. 
 
However, Natural England highlights that the levels of information/evidence/data 
required to understand the potential scale of the impacts of a proposal on designated 
site features often go beyond those that would be required to characterise the 
development area.  Especially where an Adverse Effect on Integrity can't be ruled out 
and/or consideration is required in relation to the suitability of any proposed mitigation 
measures to minimise the impacts to an acceptable level. 
 
Often, the tools and techniques required to undertake a development activity, such as 
cable installation, can vary significantly depending on the ground conditions, and 
consequently the impacts arising from the installation can also vary.  
In some cases, the requirements in a particular location may be easily determined from 
a fairly basic level of site characterisation. For example, where exposed bedrock is 
identified it may be relatively easy to confirm the techniques required for installation 
and to consider the impacts on that feature. However, in a sediment habitat, the 
techniques required may depend not only on the surface substrate/biotope, but also on 
the underlying geology, and therefore further investigative work may be required in 
order to establish the likely installation method before the impacts could be considered 
and/or mitigated. 
 
It would have been beneficial if a more complete PEIr had been provided during the 
pre-application phase and during this phase sufficient time was allowed for issues and 
potential evidence gaps to be addressed. However, the lack of additional evidence to 
reduce the uncertainty in relation to scale of the impacts and possible mitigation 
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measures is unlikely to resolved within the examination phase and remains an 
outstanding concern. 

2.2  SNCB site management As part of management of designated sites, the SNCBs will periodically commission 
designated site surveys. However, due to the size of the offshore sites it is unlikely that 
the whole site will be surveyed at any one time.  These surveys are broad scale mapping 
surveys to inform site management measures and therefore are not of sufficient 
resolution and/or scale to be used to determine impacts to designated features from 
sustainable development. As set out at Deadline 6  in relation to management 
measures for the restoration for Saturn Reef, the SNCBs have to use the best available 
information, determine confidence levels and then apply appropriate precaution to 
ensure a site favourable condition 

2.3  Desked based Study It is prudent to use all available data sets to support project specific data and/or fil any 
evidence gaps. During the evidence plan process JNCC highlighted the data sets held by 
the oil and gas companies within this site. These data sets helped informed alteration of 
the route near the Darlek arm.  

3.1 Characterisation 
 

Biotopes Whilst we recognise that the biotopes used 
by the applicant are more precautionary 
than alternative ones. The approach taken 
to biotope classification does not follow the 
standard approach. 
 
Whilst this may present varying levels of 
risk in understanding the impacts of this 
application to features at an EIA level and 
within designated sites (which will be 
detailed below), Natural England would also 
highlight the importance of the use of a 
‘common currency’ approach to facilitate in 
combination and cumulative assessments, 
not just for this project, but for future plans 
and projects that may need to take account 
of Hornsea 3 in their assessments.  

N/A 
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3.2  Site Features JNCC considers that the site boundary 
delineates the sandbank feature, supported 
by the original Site Assessment Document 
(JNCC, 2010) and further validated by 
recent biological community analysis (Parry 
et al., 2015). Therefore there is no site 
fabric and any or all impacts with the site 
will be on Annex I features 

See point above about management 
measures for Saturn Reef. 

4.1 Consideration of 
impacts to site 
features and 
significance 
 
 

Site Preparation work 
(none sandwave levelling) 

In the Applicants RIAA [APP - 051] Benthic impacts from the cable route prep. were not 
included such as grapnel run, UXO clearance, boulder clearance and sandwave 
clearance. Therefore further consideration should be given to the cumulative impacts 
to the site features.  

4.2  Sandwave levelling Location of impact: 
Natural England advises that the proposed 
sandwave levelling within NNS SAC is 
levelling/changing of Annex I habitats i.e. 
mobile part of Annex I sandbanks and 
wholly within designated feature. 
 
Recovery: 
Sandwave clearance activities have only 
been proposed and undertaken relatively 
recently and consequently there is limited 
evidence on how well this approach works, 
whether cables remain buried thus avoiding 
the need for additional cable protection, 
and very limited evidence on how quickly 
dredged areas recover.  
 
The applicant has provided additional 
information in REP-020 outlining their 

N/A 
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experience at one of their other projects, 
Race Bank Offshore Windfarm. This report 
provides some evidence to support the 
potential for recovery of affected features 
after sandwave levelling has occurred. 
However, at this stage there is not 
sufficient information available to 
determine if full recovery to pre impact 
condition can be achieved or to determine 
a potential timescale for recovery, and it is 
also unclear if the findings at Race Bank 
(nearshore project) would be relatable to 
all sandwave/sandbank features, including 
the much larger examples found further 
offshore. 
 
The main factors that are considered to 
influence the recovery potential (i.e. the 
mechanism and speed of recovery) of the 
levelled sandwaves are: 
• The dimensions of the dredged area, 
particularly the width and depth of the 
dredged channel relative to the overall 
sandwave height, and the alignment of the 
dredged channel relative to the crest axis; 
and 
• The degree of sediment mobility at the 
dredge location, which is in turn controlled 
by the environmental forcing conditions 
and water depth. 
 
It would therefore be useful to ensure any 
assessment of the offshore sites take this 
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into consideration and we believe that the 
relevant site information is available to 
undertake such an assessment. 
Understanding these factors would also 
inform assessment of hydrological process 
impact within site integrity tests. 
 
In addition no consideration has been given 
to potential remediation plan using proven 
techniques 
 
Scale of Impacts: 
The scale of the proposed sandwave 
levelling with North Norfolk Sandbanks is X 
which is a considerable volume of material 
and can’t be considered as de minimus 
even if the sediment can be retained within 
the system (see Mitigation below). It would 
be good to know how the proposed 
sandwave levelling will impact on Ower and 
Leman sandbanks and how that will effect 
their contribution to site feature. 
 
Based on our current understanding, JNCC 
do not consider it likely that human 
activities taking place within the site have 
the potential to permanently impact on the 
large-scale topography of the North Norfolk 
sandbanks. They could, however, have an 
impact on the other variables that help 
define the extent and distribution of a 
sandbank, namely sediment composition 
and biological assemblages.  
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Of note for the industrial activities taking 
place within the site are operations 
associated with the deposition of material 
(e.g. rock dump), or other alteration of 
surface sediment (e.g. drill cuttings and 
cabling operations), that are likely to lead 
to a persistent change to substrate which is 
not suitable habitat for sandbank 
communities. 
 
As such, some of the sandbank’s extent and 
distribution is lost, in that there are areas 
present within the site that no longer 
represent sandbank feature, as defined by 
sediment composition and/or biological 
communities, because the substrate has 
been changed. We believe that there has 
been physical change in sediment 
composition as a result of industrial activity 
in the site, but it is unclear what impact this 
may have on overall sediment composition 
and distribution. Furthermore, due to lack 
of evidence about deposits present within 
the site (i.e. not based on anticipated worst 
case scenario estimates), it is currently not 
possible to quantify the loss of extent.   

4.3  Deposition of sediment As yet the deposal location/s has/have not 
been agreed. Therefore there is no 
guarantee that the sediment will remain 
within the system. A loss of Annex I 
sediment is considered to be Likely 
Significant effect, The quantities proposed 

All Areas of Annex I Reef and areas 
managed as reef should be excluded for 
direct disposition and mechanisms 
should be put in place to ensure indirect 
impacts through sedimentation is limited 
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(X m3) in the Application this is not 
considered to be de minimus and/or in 
consequential. Therefore we advise that an 
adverse effect on integrity can't be 
excluded. It should be noted that there is a 
difference in the particle size of the Annex I 
sandbank sub features. Therefore there is 
the potential for a significant difference in 
particle size between the removal and 
disposal locations resulting in a change in 
the extent of Annex I habitats; the temporal 
scale of which is unknown for sandwave 
levelling and within this site.  Without 
further restrictions on disposal locations 
there is also the potential for Annex I reef 
to be significantly impacted.  
 
We would therefore advise that there are 
disposal conditions included within  the 
DML: identify the disposal locations; the 
locations ensure that sediment remains 
within the Annex I sandbanks system;  the 
particle size as the disposal locations is 95% 
similar that of the removal location and 
Annex I reef and areas being managed as 
such (Plus buffer) are avoided 

to an acceptable level; including those 
areas to be managed as reef. 

4.4  Cable Protection  Natural England’s advice remains 
unchanged from our Deadline 1 Written 
Reps. Having considered the RIAA, and 
further documents submitted by the 
applicant during examination including 
the measures proposed to mitigate for 
any adverse effects. It is the advice of 
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Natural England that it is not possible to 
ascertain that the proposal will not result 
in adverse effects on the integrity of the 
site in question either alone or in-
combination.  
 
Further assessment and consideration of 
mitigation options is required, and 
Natural England provides the following 
advice on the additional assessment 
work required; 
 
NE remains concerned that evidence 
presented by the applicant does not 
sufficiently show that there will be no 
permanent, long-lasting and adverse  
loss of SAC habitat as a result of the 
proposed cable protection; in coming to 
this view we advise the following;  
 
- The predicted impacts will directly 
affect the SAC feature. 
 
 - We are not satisfied that the likely 
impacts can be considered to be of a 
temporary nature. Natural England 
remains concerned about the 
decommissioning of rock protection that 
is proposed to make good any impact. 
We do not believe that this has been 
satisfactorily addressed by Annex 2 JdN 
‘Technical note for decommissioning 
Race Bank Export Cable rock protection’ 
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we have the following comments: See 
Annex C of D7 response.  
 
- The predicted Impacts are only 
considered by Applicant to be significant 
if impacting on existing Annex I 
Sabellaria spinulosa reef (priority 
habitat). And therefore that impact of 
that feature is small. However, this 
feature is in unfavourable condition due 
to anthropogenic activities. The 
placement of rock armour within the 
area for the management of reef would 
in our view hinder the restoration of this 
feature. We consider that the 
establishment of Sabellaria spinulosa on 
artificial substrate does not form part of 
the SAC feature and is not ""counting"" 
towards its conservation objectives, in so 
much as if reef grows back over rock 
armouring then it's still unfavourable 
condition, as it is not the biotope set out 
in conservation advice i.e. it is not a 
replacement for Sabellaria spinulosa reef 
on natural site sediment habitat.  
  

4.5  Phased Build Natural England notes that in [REP - 178] the applicant has not an anticipated that 
recovery will happen between both the different construction stages and the phased 
builds. Therefore any Appropriate Assessment would need to take into account both 
the spatial and temporal impact to the interest feature/s of the site. As there could 13 
years of impact before the site would start to recover and up to 18 before full recovery 
could occur unless cable protection was used when we believe there would be a 
permanent habitat change. 
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Therefore we can confirm that we do not believe the cumulative impact is flawed, it is 
more a recognition of the temporal scale of the impacts  

4.6  Operation and 
Maintenance 

See Natural England advice on cable 
protection (ANNEX C @ D7) 

See Natural England advice on cable 
protection (ANNEX C @ D7) 

5.1 Mitigation  Whilst at Para 11. of Annex D4 [REP1- 217] 
we suggested some mitigation that has 
been used for other industries. The only 
mitigation that has been presented to 
reduce the impacts has been one of 
potential removal at the time of 
decommissioning.  
 
As set in our response to Deadline 6 the 
Cable Installation Plan and the conditions 
with that including the use of an ECOW may 
ensure the real time compliance with the 
requirements of the DML condition 
documents, but it doesn't address the 
current LSE sufficiently to exclude an 
adverse effect on integrity and meet the 
requirements of the habitats directives i.e. 
the presence/use of a ECOW s not 
mitigation." 

Based on JNCC reef layer data provided 
at Deadline 5 NE and JNCC advise that 
the Sabellaria spinulosa area to be 
managed as reef straddles the Saturn 
reef area of the cable route. {Put in RB 
advice about byelaw]. Therefore, we 
advise that this management area is 
avoided. 
 
If as anticipated the removal of 
anthropogenic activities enables the 
recovery of Annex I reef and cabling is 
permitted within this area there is a high 
probability that there will be sufficient 
space to micro-route around the reef 
features. Therefore, whilst we continue 
to advocate that the standard mitigation 
measure/marine licence conditioned to 
avoid reef features is included in the 
Projects DML it may not be feasible to do 
so. To address this the Applicant has 
included the caveat ‘where possible’, but 
NE and JNCC have concerns about the 
increased level of risk to the integrity of 
the site such a caveat would endorse as 
there are no parameters to assess and 
agree what is “possible”.  
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We do not consider the applicant’s 
consideration of routing through ‘lower 
quality’ reef to be acceptable, because  
in terms of restoration of conservation 
objectives the ‘lower quality’ reef 
mentioned by the applicant is still 
contained within area to be managed as 
reef, with the protection provided by 
Annex I status. 
 
Furthermore whether reef is avoided or 
not during installation there does remain 
a risk during O&M cable remediation 
activities that reef could establish across 
the cable corridor or nearby areas where 
remediation activities needed to occur. 
Accordingly, every effort should be 
made, with input from the MMO and NE, 
to minimise the impacts at the time of 
undertaking the works. 

6.1 Recovery  We note the Applicant’s conclusion of “high 
confidence that the seabed will recover to a 
new natural equilibrium state within a 
timescale of months to years.” We would 
suggest that approaching a new equilibrium 
may not be in accord with restoration of 
the site, if that new equilibrium is out with 
the sediment composition or biological 
communities expected from the designated 
feature. 
 

Natural England agrees The applicant has 
cited that Sabellaria spinulosa reef can 
establish on rock amour and therefore 
the Annex I habitat can recover. 
However, it is the SNCB advice that the 
establishment of Sabellaria spinulosa on 
artificial substrate doesn't "count" 
towards favourable condition, in so 
much as if reef grows back over rock 
armouring then it's still unfavourable 
condition, as it is not the biotope set out 
in conservation advice i.e. it is not a 
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replacement for Sabellaria spinulosa reef 
on natural site sediment habitat. 

7.1 Restoration  No consideration have been given to any 
remediation plan using proven techniques 

Natural England doesn't believe that 
there is any remediation and/or 
restoration that can be undertaken to 
restore this feature to any pre impact 
state. 

 

  


	EN010080 Hornsea Project 3_ Deadline 7 Submission from Natural England
	EN010080 Hornsea Project Three Deadline 7 - Summary of Natural England's Advice on North Norfolk Sandbanks and Saturen Reef SAC (002)

