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Summary 


 
Defra commissioned a range of research (contract MB120) to collect information on the 
marine environment within offshore Marine Conservation Zones (MCZs).  These data were 
gathered to provide evidence to underpin the MCZ designation or site recommendation.  
Surveys were undertaken to characterise the seabed habitats and their associated 
communities and enable broad-scale mapping to inform decisions for marine nature 
conservation. 
 
Seven of the MCZ sites surveyed were prioritised for biotope classification using benthic 
community statistical analysis.  Envision Mapping Ltd. undertook this analysis in 2016 
(Sotheran et al 2016) 
 
Three additional sites have subsequently been identified for biotope classification using 
benthic community statistical analysis. This has been undertaken as an additional phase to 
the work and the findings are presented in this report. 
 
Regional MCZ project ‘Recommended MCZs’ (rMCZs) analysed: 
 


• Compass Rose rMCZ 


• Markham’s Triangle rMCZ 


• South Rigg rMCZ 
 
The data analysed were collected using a combination of benthic grab (typically a 0.1m2 mini 
Hamon grab) and towed/dropped down video to obtain infaunal data and epibenthic data.  
Infaunal data were enumerated by counts and biomass, epibenthic data were analysed to 
SACFOR1/counts/%cover.  Particle Size Analysis (PSA) data were available to accompany 
the data, along with partial coverage multibeam echosounder and backscatter data. 
 
The overarching approach to analysis was as follows: the data were processed consistently 
and the information standardised for statistical analysis.  Significant biological groupings 
were identified within the datasets using the results of infaunal and PSA analysis.  Any 
correspondence between biota groups and sediment PSA data was explored and then 
matched to biotopes from the Marine Habitat Classification for Britain and Ireland Version 
15.03, using published biological comparative tables and biotope descriptions, following the 
most current guidance.  Where there was insufficient species data, the allocation of habitat 
type was derived from the physical habitat data available.  Epibenthic data was statistically 
analysed for one of the rMCZ sites (Compass Rose rMCZ) where epibenthic communities 
were considered important or a mixture of hard/consolidated substrata and softer sediment 
were present. 
 
Multivariate analysis of data from each area was undertaken and the communities present 
within each rMCZ identified.  The following biotopes were assigned using the Marine Habitat 
Classification for Britain and Ireland (JNCC 2015) after multivariate analysis of the survey 
data.  Table 1 shows the biotopes found within each rMCZ site. 
  


                                                
1 'Marine Nature Conservation Review (MNCR) SACFOR abundance scale http://jncc.defra.gov.uk/page-2684  
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Table 1. The habitats and biotopes found to occur within each rMCZ site. 


Site Biotopes* 
Compass Rose rMCZ SS.SSa.OSa 


SS.SSa.OSa.OfusAfil 
SS.SCS.OCS 
 


Markham’s Triangle rMCZ SS.SMu.CSaMu 
SS.SSa.CFiSa.EpusOborApri 
SS.SCS.CCS 
SS.SMx.CMx 
SS.SSa.CMuSa 
 


South Rigg rMCZ SS.SCS.OCS 
SS.SSa.OSa.OfusAfil 
SS.SMu.Omu.[MonPfal] 
SS.SSa.OSa 


* Marine Habitat Classification for Britain and Ireland (JNCC 2015) 


 
The results and analyses from the projects have a range of limitations, issues and 
assumptions associated with each stage of data processing, analysis and production of 
results.  These range from data acquisition limitations such as finite resources and survey 
strategies which may result in generalisations or extrapolations being required, through to 
data handling and processing which summarises large data sets and in doing so may lose 
some finer details within the data.  Additionally, the use of multivariate statistical routines to 
identify significant groupings within the data is advantageous but the final allocation of 
habitat or biotope is often investigator led and some level of subjectivity may be introduced 
at this stage.  To minimise this effect all results underwent quality control procedures which 
are documented. 
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1 Introduction 
 
The Marine and Coastal Access Act 2009 allows for the creation of Marine Protected Areas 
(MPAs) called Marine Conservation Zones (MCZs).  Under this Act, MCZs protect a range of 
nationally important marine wildlife, habitats, geology and geomorphology and can be 
designated anywhere in English and Welsh inshore and UK offshore waters.  Recommended 
MCZs in English inshore and English, Welsh and Northern Irish offshore waters have been 
identified through the Marine Conservation Zone Project.  To date 50 MCZs have been 
designated following this project.  Site Information Centres2 have been developed by JNCC 
for MCZs designated in offshore waters or which cross the territorial/offshore boundary.  
Defra has announced that there will be a third tranche of MCZs for designation to assist in 
completing an ecologically coherent network of MPAs in UK waters. 
 
Government policy dictates that MCZs should be designated based on “best available 
evidence”.  To this end, Defra commissioned a range of research (contract MB120) to collect 
information on the marine environment within offshore MCZs Conservation Zones and these 
data were gathered to provide evidence to underpin the MCZ designation or site 
recommendation.  Surveys have been undertaken to characterise the seabed habitats and 
their associated communities, and enable broad-scale mapping to inform decisions for 
marine nature conservation.  Summary details of the surveys are provided with full survey 
methodologies and results found in a series of reports (Cefas reports by Ware and Meadows 
(2012) and Whomersley and Ware (2012) and Defra reports 13 (2014), 38 (2016a) and 39 
(2016b)). 
 
Three of the rMCZ sites surveyed have been selected for biotope classification using benthic 
community statistical analysis.  These are shown in Figure 1 and presented in Table 2.  The 
data available for the analysis were collected using a combination of benthic grab (typically a 
0.1m2 mini Hamon grab) and towed/dropped down video to obtain infaunal data and 
epibenthic data.  Infaunal data were enumerated by counts and biomass, epibenthic data 
were analysed to SACFOR3/counts/%cover.  PSA data were available to accompany the 
data. 
 
For each site an updated habitat map has been derived by analysing and interpreting the 
available acoustic and ground truth data collected by the dedicated surveys.  Areas with 
distinct acoustic properties and characteristics were identified visually or automatically and 
boundaries generated.  Information from the PSA was used to assign substrata descriptions 
and sediment types.  The broad-scale habiatat map for each rMCZ has been created 
through expert visual interpretation of the processed bathymetry, alongside backscatter and 
groundtruthing data. 
 


                                                
2 JNCC Site Information Centres for offshore MPAs. Available at http://jncc.defra.gov.uk/page-6895 
3 'Marine Nature Conservation Review (MNCR) SACFOR abundance scale, http://jncc.defra.gov.uk/page-2684  



http://jncc.defra.gov.uk/page-6895

http://jncc.defra.gov.uk/page-2684
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Figure 1.  Location of project rMCZ sites. 


 
Table 2. rMCZ sites with number of benthic sample stations. 


Site Benthic Sample Stations 


Compass Rose rMCZ 54 
Markham’s Triangle rMCZ 50 
South Rigg rMCZ 33 


 
This report provides details of the common methodology and approach which was adopted 
for the community analysis.  This includes methods for the data handling and analysis of 
infaunal and epifaunal datasets, how the epifaunal data was used to support the infaunal 
analysis and how any associated geophysical acoustic data were used to provide contextual 
information. 
 
In addition to a brief introduction of each rMCZ site location and features, any site-specific 
data processing stages are detailed and followed by a summary of the physical habitats 
identified within each site.  Details of the outputs of multivariate and univariate statistical 
routines are illustrated and the characterising features identified from the analysis are 
provided along with how these are associated with the habitats and biotopes allocated to the 
data.  
 
A summary of the results obtained in the context of each site’s conservation features is 
provided and the limitations of the process and outputs described. 
 
Data (Appendix 1) are included within the report to provide the outputs of the analyses for 
each sample station.  The quality assurance and quality checks of analyses for this report 
are detailed as an annex to this report. 
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Throughout this report the term ‘biotope’ is used to describe seabed communities identified 
to level 5 or 6 of the Marine Habitat Classification for Britain and Ireland (JNCC 2015) where 
the biological information structures the classification and discriminates between community 
types.  Where the biological information does not allow this level of discrimination or where 
only the physical attributes of the seabed are used for community identification the term 
‘habitat’ is used.   
 
Maps are presented as figures throughout the report and where possible standard colour 
schemes and a map template have been used.  For certain maps, which show sample 
station by sediment or habitat type, alternate colours have been used as these better 
illustrate and discriminate the difference between classes.  The relationship between the 
colours utilised and the standard EUNIS colour scheme is detailed in Appendix 2.  
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2 General Methods and Approach 
 
The overarching approach to analysis was as follows: the data were processed consistently 
and the information standardised for statistical analysis.  Cluster analysis was employed 
using PRIMER-E software to identify significant biological groupings within the datasets 
using the results of infaunal and PSA analysis.  Any correspondence between biota cluster 
groups and sediment PSA data was explored and then matched to biotopes from the Marine 
Habitat Classification for Britain and Ireland Version 15.03 (JNCC 2015) using published 
biological comparative tables and biotope descriptions and following the most recent 
guidance (Parry 2015). 
 
Where there was insufficient species data, the allocation of habitat type was derived from the 
PSA data available.  Several primary and derived biological parameters values (i.e. total 
numbers; abundances; species richness and diversity indices) could also be calculated from 
the species matrices and were used where appropriate to further inform analysis of the site 
data.  Epibenthic data were available from the three sites in the form of video and still 
imagery, however analysis outputs were only available for Compass Rose rMCZ and 
Markham’s Triangle rMCZ.  Where relevant these data were reviewed and cross referenced 
to sample stations from which infaunal data were available to assist in benthic community 
classification and identification. 
 
The data provided from each survey was treated independently.  Each rMCZ site survey was 
conducted by different staff at different times and data sets were analysed by different 
contractors.  Due to the differences in sampling and surveying methods results between 
sites are not comparable.  Benthic grab data and drop-down camera data from the same 
sites were also analysed separately due to differences in sampling equipment. 
 
The generic methods for processing and analysing data are outlined below with specific 
adaptations or modifications used for each site detailed in the relevant sections. 
 


2.1 Infaunal Analysis and Processing 
 
Infaunal sample data were processed to produce a consistent dataset which was suitable for 
analysis within statistical packages, PRIMER-E.  This process is illustrated in Figure 2 which 
shows the key stages in the process to account for any inconsistency between sample 
types, volumes and methods employed during data collection.  
 
Benthic infaunal data were collated into a master Excel spreadsheet for each site for the 
data analysis.  The following rationalisations were used in preparing the data for statistical 
analysis: 


• taxon names were checked and some amended to make compatible with the current 
accepted species names on the WoRMS species list;   


• removal of lifeforms such as eggs or larva: early or transitional life stages of most 
marine species are often ephemeral and only a temporary phase of the life cycle and 
therefore may not represent the taxa which typically structure the community; 


• removal of juveniles: can also be ephemeral in nature and when present in high 
numbers can have an overriding influence on the analysis; 


• removal of taxa with damage/uncertain identification: ambiguous records which could 
introduce uncertainty are removed to reduce discrepancies due to misidentification; 
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• removal of species such as fish: mobile species are removed as they do not form 
part of the infaunal community and are not permanent members of the community 
structure; 


• removal of taxa with only presence/absence data (majority of which are epifaunal 
species): the presence/absence records are incompatible with the abundance data 
such as counts; 


• taxa with only presence/absence data, mainly epibenthic species such as hydroids 
and bryozoans, were excluded in the total number of taxa and in the univariate 
analysis when calculating diversity indices. 


 


 
Figure 2.  Methodological process for handling data gathered through grab sampling. 


 


2.1.1 Univariate analysis 
 
There are several species diversity indices available and, for the purpose of this report, 
those most used in literature have been calculated.  The indices used are relatively 
uncomplex calculations and easily understood. The indices were used in the previous study 
from MCZ community analysis (Sotheran et al 2016) and have been used within this project 
for consistency.  PRIMER-E was used to calculate the species diversity indices listed below: 
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• Number of species (S): the number of species present. 


• Number of individuals (N): total number of individuals counted. 


• Margalef’s index (d): a measure of the number of species present for a given number 
of individuals. The higher the index, the greater the diversity. 


• Pielou’s evenness (J’): shows how equally the individuals in a population are 
distributed.  J’=0 – 1.  J’ is higher, the less variation in the samples. 


 


2.1.2 Multivariate Cluster analysis 
 
Multivariate analysis was used as guidance in biotope assignment and the primary tool for 
the statistical analysis of the infaunal data was the PRIMER-E software package.   
To obtain a measure of the degree of similarity in the faunal composition of each site, cluster 
analysis was carried out based on a Bray-Curtis similarity index.  Prior to analysis, the data 
from each site required standardisation to reduce discrepancies resulting from observed 
variability between sample volumes, the sample values were divided by the total or 
maximum for that sample.  Variations in the multivariate cluster analysis are detailed in each 
site section within this report.  In general, as the data consisted of sparse faunal abundance 
and species richness, with the occasional high abundance of one or two species, square-
root transformations were applied.  This has the effect of down-weighting the importance of 
the highly abundant species, so that similarities not only depend on their values but also 
those of less common taxa.  Statistical tests used were Hierarchical Clustering, non-metric 
Multidimensional Scaling (MDS) Ordination and Species Contributions (SIMPER). 
 
The clustering technique aims to find ‘natural groupings’ of samples such that samples within 
a group are more similar to each other, generally, than samples in different groups (Clarke & 
Warwick 2001).  Hierarchical agglomerative methods are the most commonly used 
clustering techniques.  These usually take a similarity matrix, such as Bray-Curtis, and 
successfully fuse the samples into groups and the groups into larger clusters.  The result of 
the hierarchical clustering is represented by a dendrogram, with samples that are similar 
linking together towards the higher end of the similarity scale and those that are less similar 
linking towards the lower end.  Various computations were executed to investigate the effect 
of species removal and/or aggregation on the outcome of the analysis. 
 
The data were examined further to determine the characteristic fauna of the cluster 
groupings recognised by the clustering technique.  The SIMPER (similarity percentages) 
routine examines and ranks the role of each taxon in contributing to the separation between 
two groups of samples, or the closeness of the samples within a group.  SIMPER was used 
to determine the main taxa that contributed most to the distinctiveness of the groups 
identified in the classification process.  The species that cumulatively made up 90% of the 
samples were used and the resulting lists represent the percentage contributions of each 
species, placed in decreasing order. 
 
Any correspondence between biota groups and sediment PSA data was explored and then 
matched to biotopes from the Marine Habitat Classification for Britain and Ireland Version 
15.03 (JNCC 2015) using the published biological comparative tables and biotope 
descriptions, and the most recent guidance (Parry 2015).  Where there was insufficient 
species data, the habitat allocation was derived solely from the geological PSA data 
available for that site. 
 
Data were pooled into higher taxonomic levels and interrogated to explore whether this 
would improve the cluster groupings.  Pooling data by taxonomic hierarchy aggregates 
abundance counts recorded at species level to genus, family or higher taxonomic orders. 
Where abundances are low and variable for a species throughout a series of data, 
aggregating to higher taxonomic order can reduce the number of clusters identified or 
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reduce the scattering (dissimiliarity) of data points within each group when plotted using 
Multi-Dimensional Scaling (MDS).  Where the results of this process enhanced the cluster 
analysis process the higher level groupings were used, however the lowest taxonomic levels 
were referred to where applicable during reporting for each site and when recording any 
characterising species. In some cases, where data contained abundances for both genus 
and species, analysis was undertaken using these taxa separately as it was assumed the 
records indicated a difference in taxa, but these records would then be pooled when data 
were aggregated. 
 


2.2 Epibenthic Analysis and Processing 
 


2.2.1 Review of epibenthic imagery and footage 
 
For two sites, Compass Rose rMCZ and Markham’s Triangle rMCZ, epibenthic video data 
analysis outputs were available.  These data consisted of taxa matrices for samples within 
the rMCZ sites.  These sites have epibenthic communities which are considered important 
within their conservation status, and the results were plotted to compare or verify infaunal 
data results.  Only raw video and stills data were available for South Rigg rMCZ. 
 
For all sites, where of benefit to the community analysis process, video and still images were 
reviewed and cross referenced to sample stations from which infaunal data were available.  
This process assisted in identifying possible biotopes present and to determine the nature of 
the seabed at each sample location and throughout the rMCZ sites.  This information 
assisted the assignment of biotopes to the infaunal samples where they may have been 
ambiguous or the infaunal statistical analysis did not clearly identify biological groupings.  
 


2.3 Acoustic/geophysical data 
 
For all sites, geophysical data obtained from a multibeam echosounder (MBES) were 
available, along with backscatter images, but only with partial coverage (Ware and Meadows 
(2012) and Whomersley and Ware (2012) and Defra reports 13 (2014), 38 (2016a) and 39 
(2016b)).  The bathymetry and backscatter images or data were imported into GIS which 
then provided contextual information to assist with the allocation of community types to 
sample data.  The bathymetry was especially helpful in determining which biological depth 
zone (infralittoral, circalittoral or deep circalittoral) some of the samples should be attributed 
with.  The topography of the seabed can also be visualised which aids understanding in the 
distribution of habitats/biotopes associated with sample points.  
 
For all sites the bathymetric and backscatter data collected during the surveys had been 
analysed and broad-scale habitat maps derived from these and grab sample data. The 
broadscale habitats are from the physical parameters of the geophysical and sample data 
and have been utilised for contextual data for all the sites. 
 
Defra marine digital elevation model (DEM) data (Defra 2015) were used to infill for the 
areas lacking data for Compass Rose and Markham’s Triangle rMCZs, and to create the 
best available background and contextual information for the data analysis. For South Rigg 
rMCZ, survey bathymetry and backscatter covered 100% of the survey area with the DEM 
data only used for context within the remainder of the rMCZ. 
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3 Results 
 
Multivariate analysis was undertaken on the infaunal samples to explore significant variation 
between the samples and to aid with the assignment of biotopes.  The classification 
dendrogram, the ordination plot and the average species composition of the resulting 
classes were used to justify and describe the characteristics of the groups.  The process 
also draws upon dominant sediment types and the geographic plot of the groups, which 
show where there are marked spatial clusters in the data. 
 
For each rMCZ a summary is provided detailing a brief overview of the site and its 
conservation features for context and reference, a description of the statistical analysis 
undertaken and the results, including: 
 


• a site summary; 


• summary of the physical habitats present, including maps of sediment composition 
and physical habitats;  


• details of the site-specific data processing and analysis; 


• summary of the characterising species and communities; 


• biotope allocation, including relationship to current EUNIS/JNCC habitat 
classification and maps of location of cluster groupings and biotopes allocated; and 


• potential new biotopes for the classification identified through analysis. 
 
For each site data tables are provided in appendices which give details derived from the 
physical PSA data and details of the biological data derived from statistical analysis and 
processing. 
 
An initial table includes the sediment proportions from each sample station, the broad scale 
habitat identified from this along with any descriptions from data processing logs and 
geographic positions for each station. 
 
A second table shows details of the sediment description, the multivariate group and the 
biotope or habitat (Marine Habitat Classification for Britain and Ireland (JNCC 2015) and 
EUNIS classes) assigned to each sample station with any comments noted from the 
processing such as impoverished samples or physical mismatches between sediment types 
and biotopes assigned. 
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3.1 Compass Rose rMCZ 
 
Compass Rose recommended Marine Conservation Zone (rMCZ) is an offshore site located 
approximately 43km from the North Yorkshire coast (Figure 3).  The site covers an area of 
552km2 reaching a depth of around 50 metres.  
 
The site covers a small portion of the Flamborough frontal system.  The Flamborough frontal 
system is defined by the distinct temperature gradient between the waters to the north and 
south of Flamborough Head, where mixing of the warmer waters of the Southern North Sea 
and the cooler waters of the northern North Sea occurs.  The upwelling in locations such as 
this allows nutrients to be transported to the surface from deeper, colder waters, which 
creates a site of increased primary biomass production.  The site contains spawning grounds 
for plaice, herring, lemon sole, sand eel and sprat.  It is also a nursery ground for cod, 
whiting, lemon sole, sand eel and sprat (Defra 2016a). 
 


 
Figure 3.  Compass Rose rMCZ location. 


 
The site was recommended for designation by the Net Gain regional MCZ project (Net Gain 
2011) due to the presence of the broad-scale habitat type ‘Subtidal sand’. 
 
Compass Rose rMCZ was surveyed in March 2012 (Defra 2016) and acquired sediment 
samples, camera stills and video data with a Day grab and Hamon grab (0.1m2) as well as 
underwater towed video and stills camera.  Multibeam bathymetry and backscatter data 
were collected opportunistically on transit between the sampling stations.  The survey 
identified the presence of the broadscale habitat ‘Subtidal sand’ at over two thirds of the site 
with a mosaic of ‘Subtidal coarse or mixed sediments’ occupying the remaining third.  A full 
account of the survey methods and results can be found in (Whomersley & Ware 2012; 
Defra 2016a).  
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3.1.1 Site specific data processing and analysis 
 
In total, 107 taxa were recorded from the 54 samples collected (Figure 4).  Fourteen taxa 
were removed prior to statistical analysis and are listed in Table 3.  These included: 


• juveniles: which are often ephemeral in nature and when present in high numbers 
can have an overriding influence on the analysis; 


• taxa with damage/uncertain identification: ambiguous records which could introduce 
uncertainty are removed to reduce discrepancies due to misidentification; 


• a taxon which had been included within the data, yet was not recorded in any 
samples: in this instance, the taxon (Astarte borealis) was removed; 


• a taxon, Alcyonidium gelatinosum (which is an epifaunal species) with only 
presence/absence data: the presence/absence records are incompatible with the 
abundance data such as counts 


 
Table 3.  Taxa removed from Compass Rose rMCZ data. 


Taxa Reason Removed 


Alcyonidium gelatinosum Removed as presence only indicated 
Amphiura indet. juv. Removed as indet juv but high numbers to be aware of when assigning 


habitat/biotopes 
Aricidea indet.  dam. Removed as indet and singleton 


Astarte borealis Non-recorded in samples 


Asteroidea indet. juv. Removed as indet and singleton 
Bivalvia indet. dam. Removed as indet & damaged, two single records and represented by 


numerous other bivalves 
Echinocardium indet. dam. Removed as indet juv but high numbers to be aware of when assigning 


habitat/biotopes 
Echinocardium indet. juv. Removed as indet juv but high numbers to be aware of when assigning 


habitat/biotopes 
Gammaropsis indet. dam. Removed as indet & damaged and two single records only 
Ophiuroidea indet juv Removed as indet juv but high numbers to be aware of when assigning 


habitat/biotopes 
Paguridae indet. dam. (juv.) Removed as indet and singleton 
Polynoidae indet. dam. Removed as indet & damaged and two single records only 
Sabellidae indet. dam. Removed as indet & damaged and three single records 
Thracia indet. dam. Removed as indet and singleton 
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Figure 4.  Compass Rose rMCZ sample stations, overlain on multibeam bathymetry data with 
broadscale bathymetry for context. 


 


3.1.2 Summary of physical habitats 
 
A summary of key parameters of particle size analysis data is provided in Table 22 available 
in Appendix 1.  The site appears relatively homogenous and the particle size data from 
Compass Rose rMCZ shows the predominant sediments to be sandy in nature, with some 
elevated levels of gravel in places giving the seabed a coarse substrate.  Mixed substrates 
are found at stations (CR_S_18, CR_R_03 and CR_17) where there are slight increases in 
the silt/mud content of the gravellier substrates. 
 
The spatial distribution of sediment types is illustrated in Figure 5 and Figure 6 which 
highlight sediment composition (% sand, gravel and mud) and sediment type respectively, 
overlain on the broad-scale habitat map (Whomersley & Ware 2012). 
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Figure 5.  Compass Rose rMCZ sediment composition of grab samples. 


 
 


 
Figure 6.  Compass Rose rMCZ broad-scale habitat from PSA of grab samples. 
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3.1.3 Statistical results for Compass Rose rMCZ 
 
The SIMPROF routine was used to define sample groups with similar species composition 
and Figure 7 displays the results of the cluster analysis on the infaunal data.  The 
dendrogram is based on group-averaged Bray-Curtis similarities computed on standardised, 
square root transformed abundances.  Due to the homogeneity of the infaunal community a 
‘slice’ at a similarity level of 30% was used to differentiate between the main groupings.  
This similarity slice was used to group samples which otherwise are separated due to only 
small variations, which show no practical ecological groupings, within an otherwise 
homogeneous community. 
 
Figure 8 shows the three dimensional MDS plot of the same similarities.  The stress value of 
0.13 gives confidence that the three-dimensional plot is an accurate representation of the 
sample relationships. 
 
The similarities between samples within group c was, on average, 38.2%, with another two 
groups identified (‘a’ & ‘b’) which contained two outlying samples.  The taxa that contributed 
to the main group are shown in Table 5.  The outlying groups ‘a’ and ‘b’ were very 
impoverished containing less than 5 taxa within each sample.  The taxa which contributed to 
greater than 1% of the similarity for the biological group ‘c’ based on the results of the 
SIMPER analysis are shown in Table 5.  As the outlying clusters have very little taxa, and 
consist of single samples, comparing similarities between these is inappropriate. 
 


 
Figure 7.  Compass Rose rMCZ dendrogram using similarities from abundance data.  
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Figure 8.  Compass Rose rMCZ MDS plot from abundance data. 


 


3.1.4 Univariate results 
 
The numbers of taxa per sample (S), number of individuals per sample (N), values of 
Margalef’s species richness index (d) and Pielou’s evenness index (J’) are presented in 
Table 4. 
 
The samples from Compass Rose rMCZ had sparse faunal abundance and multivariate 
analysis resulted in three groups, with all but two samples clustering into the larger group ‘c’.  
 
The univariate analysis results showed that for the stations which belonged to the large 
group ‘c’, the densities of infaunal organisms were low and suggestive of impoverished 
communities, with the number of taxa recorded (per sample) ranging from 9 to 22 (mean 16) 
and the number of individuals (per sample) ranging from 16 to 91 (mean 38).  The group 
also appears to exhibit a low level of diversity in terms of Margalef’s index (ranging from 1.44 
to 2.85, mean 2.41) and a variable but relatively high level of evenness with Pielou’s index 
ranging from 0.62 to 0.99, with a mean of 0.90, indicating little variation within samples. 
 
Conversely, the remaining outlying samples in group ‘a’ and ‘b’ showed very low species 
densities (total taxa per sample was 2 for group ‘a’ and 4 for group ‘b’, and the number of 
individuals per sample 3 and 5 respectively) and therefore reflected very impoverished 
samples.  The diversity indices were also low, with a mean of 0.91 for group ‘a’ and 1.86 for 
group ‘b’ for the Margalef’s index.  Pielou’s index of evenness is again high for both of these 
groups (mean of 0.92 and 0.96) which supports the very impoverished nature of these 
samples, and with only single samples meaning comparative statistics are insignificant. 
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Table 4.  Diversity indices and summary univariate statistics for Compass Rose rMCZ infaunal 
samples. 


Station code 
Group Total 


taxa (S) 
Total 


individuals (N) 
Margalef's  


(d) Pielou's (J') 


CR_C_01(53) c 9 23 2.55 0.93 


CR_C_02(63) c 22 42 5.62 0.88 


CR_R_01(73) c 20 42 5.08 0.89 


CR_R_02(137) c 18 33 4.86 0.94 


CR_R_03(60) c 16 51 3.82 0.77 


CR_R_04(74) c 14 33 3.72 0.91 


CR_R_05(139) c 13 23 3.83 0.95 


CR_R_06(134) c 22 45 5.52 0.92 


CR_R_07(78) c 16 33 4.29 0.92 


CR_R_08(121) c 21 52 5.06 0.89 


CR_R_09(125) c 22 55 5.24 0.89 


CR_R_10(41) c 13 36 3.35 0.84 


CR_R_11(80) c 19 37 4.99 0.94 


CR_R_12(118) c 17 33 4.58 0.94 


CR_R_13(116) c 21 76 4.62 0.66 


CR_R_14(34) c 15 25 4.35 0.96 


CR_R_15(82) c 11 16 3.61 0.94 


CR_R_16(109) c 9 19 2.72 0.93 


CR_R_17(111) c 18 91 3.77 0.66 


CR_R_18(29) c 15 31 4.08 0.88 


CR_R_19(106) c 20 73 4.43 0.71 


CR_R_20(25) c 15 23 4.47 0.89 


CR_R_21(18) c 17 28 4.80 0.94 


CR_R_22(11) c 14 25 4.04 0.94 


CR_S_01(48) a 2 3 0.91 0.92 


CR_S_02(132) c 13 21 3.94 0.95 


CR_S_03(51) c 11 38 2.75 0.71 


CR_S_04(129) c 16 28 4.50 0.95 


CR_S_05(56) c 16 18 5.19 0.99 


CR_S_06(46) c 17 32 4.62 0.91 


CR_S_07(127) c 17 75 3.71 0.68 


CR_S_08(43) c 15 29 4.16 0.94 


CR_S_09(76) c 19 38 4.95 0.94 


CR_S_10(123) c 17 37 4.43 0.86 


CR_S_11(39) c 17 28 4.80 0.91 


CR_S_12(113) c 14 78 2.98 0.55 


CR_S_13(36) c 21 37 5.54 0.91 
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Station code 
Group Total 


taxa (S) 
Total 


individuals (N) 
Margalef's  


(d) Pielou's (J') 


CR_S_14(84) c 19 37 4.99 0.91 


CR_S_15(32) c 20 44 5.02 0.86 


CR_S_16(86) c 17 26 4.91 0.93 


CR_S_17(104) c 15 43 3.72 0.83 


CR_S_18(27) c 15 30 4.12 0.85 


CR_S_19(20) c 13 24 3.78 0.96 


CR_S_20(88) c 21 55 4.99 0.86 


CR_S_21(102) c 12 25 3.42 0.94 


CR_S_22(16) c 20 36 5.30 0.95 


CR_S_23(90) c 12 34 3.12 0.83 


CR_S_24(99) c 17 47 4.16 0.86 


CR_S_25(13) c 17 35 4.50 0.91 


CR_S_26(92) c 14 40 3.52 0.76 


CR_S_27(97) c 14 40 3.52 0.78 


CR_S_28(10) c 10 26 2.76 0.88 


CR_S_29(8) b 4 5 1.86 0.96 


CR_S_30(94) c 18 30 5.00 0.92 


      


3.1.5 Summary of characterising species and communities 
 
The taxa which form the characterising species for the only significant multivariate grouping 
(group ‘c’), with a percentage contribution of over 1%, are shown in Table 5, excluding the 
outlying groups which had less than two samples, for which data cannot be generated.   
 
Table 5.  Characterising species for the single multivariate group at Compass Rose rMCZ, showing 
those with a contribution of over 1%. 


Group ‘c’ Average  


Abundance 


%age 


contribution Species/Taxa 


Scoloplos (Scoloplos) armiger 3.11 17.01 


Owenia fusiformis 2.95 14.85 


Galathowenia oculata 2.81 11.39 


Goniada maculata 1.89 9.03 


Bathyporeia elegans 1.61 5.88 


Paramphinome jeffreysii 1.38 5.04 


Harpinia antennaria 1.44 4.55 


Astrorhiza limicola 1.44 4 


Amphiura filiformis 1.28 4 


Ophelia borealis 1.55 3.96 


Nucula nitidosa 1.18 3.36 


Nemertea 0.88 2.26 


Sthenelais limicola 0.78 1.72 


Nephtys longosetosa 0.74 1.69 


Spiophanes bombyx 0.6 1.1 
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3.1.6 Biotope allocation 
 
The groupings produced from the multivariate analysis have been matched to biotopes as 
defined by the Marine Habitats Classification for Britain and Ireland (JNCC 2015) and using 
the recent guidance by Parry (2015).  Possible candidate biotopes were selected on the 
basis of species composition, physical parameters, such as sediment and depth, and the 
results of the multivariate analysis.  The taxa which were removed during data processing 
prior to statistical analysis were reviewed and considered within the biotope allocation 
process. 
 
A description of habitat types/biotopes allocated to each of the sampling stations is given 
below and summarised in Table 6 with the spatial distribution of the groups and biotopes 
illustrated in Figure 9 and Figure 10. Table 23 in Appendix 1 presents details for each 
sample station with the multivariate group and the biotope or habitat assigned to each 
sample along with any comments noted from the processing such as impoverished samples 
or physical mismatches between sediment types and the biotopes assigned. 
 
The two sampling stations within the outlying groups ‘a’ and ‘b’ contained very few taxa for 
community analysis and were therefore assigned based upon the physical characteristics of 
the sediment properties and the depths the samples were taken from: SS.SSa.OSa 
(Offshore circalittoral sand) was assigned to both samples. 
 
Stations within group ‘c’ included a range of polychaetes such as Scoloplos armiger, Owenia 
fusiformis, Galathowenia oculata and Goniada maculata along with the amphipods, 
Bathyporeia elegans and Harpinia antennaria.  The brittlestar, Amphiura filiformis, was 
recorded in the majority of samples and juvenile records of Amphiura along with juvenile 
Ophiuroidea were excluded from the statistical analysis but they are abundant throughout.  
These species are often recorded in offshore sand habitats and as such the stations which 
have a sediment type which indicate a sand habitat within this group have been assigned 
SS.SSa.OSa.OfusAfil (Owenia fusiformis and Amphiura filiformis in offshore circalittoral 
sand or muddy sand) but due to the low number of taxa within the samples it is suspected 
this is an impoverished version of this biotope.   
 
In summary Table 7 shows the biotope and habitats found within Compass Rose rMCZ with 
the characterising species and seabed substrate for each. 
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Figure 9.  Compass Rose rMCZ sample stations showing multivariate groups. 


 


 
Figure 10.  Compass Rose rMCZ sample stations showing biotope/habitats. 
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Table 6.  Summary of multivariate statistical groups and associated habitats and biotopes from the 
Compass Rose rMCZ. 


Multivariate 


Group 


Number of 


Samples 


Biotope Code*  Broad-scale Habitat 


a 1 SS.SSa.OSa Subtidal sand 


b 1 SS.SSa.OSa Subtidal sand 


c 52 SS.SSa.OSa.OfusAfil Subtidal sand, Subtidal mixed 
sediments, Subtidal coarse sediments 


* Marine Habitat Classification for Britain and Ireland (JNCC 2015) 


 
 
Table 7.  Summary of habitats/biotopes found within Compass Rose rMCZ. 


Habitat/Biotope* Depth 


range (m) 


Substratum Infaunal community Multivariate 


groups 


SS.SSa.OSa 65 – 80 Sand and 


muddy sand 


Impoverished a, b 


SS.SSa.OSa.OfusAfil 60 – 82 Sand and 


muddy sand 


Coarse 


sediments 


Mixed 


sediment 


Scoloplos (Scoloplos) armiger 


Owenia fusiformis 


Galathowenia oculata  


Amphiura filiformis (juv) 


c 


* Marine Habitat Classification for Britain and Ireland (JNCC 2015) 


 


3.1.7 Epibenthic Analysis 
 
Multivariate analysis was undertaken on the 19 epifaunal video samples (Figure 11) 
available for Compass Rose rMCZ to explore significant variation between the samples and 
to aid with the assignment of biotopes.  
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Figure 11.  Compass Rose rMCZ video sample stations.  
 
The data for the video samples were provided as SACFOR abundances or presence 
absence data.  As no counts or abundance data were available, all data were transfomed to 
presence/absence data within PRIMER-E. 
 
The resulting analysis showed all video samples to be very similar (<60%) and only a single 
cluster grouping was identified with the characterising species shown in Table 8. 
 
Table 8.  Characterising species for multivariate groups at Compass Rose rMCZ epibenthic data. 


Group ‘a’ Average  


Abundance 


%age 


contribution Species/Taxa 


Alcyonium digitatum 0.38  45.07 


Paguridae 0.25  17.52 


Porifera 0.19  12.18 


Flustra foliacea  0.19 7.66 


Ophiothrix fragilis 0.19 6.69 


Virgularia mirabilis 0.13 5.93 


 
Summary of characterising species and communities 
 
The video has previously been reviewed by Cefas in 2012 and allocated to habitat type 
based upon visual assessment with 17 of the 19 video samples having been allocated as 
SS.SSa.OSa and the remaining two assigned to SS.SCS.OCS. The characterising species 
do not enable the biotope or habitat type to be identified with more confidence and it is 
recommended that the initial allocated habitat remain with a note of the epifaunal community 
of Alcyonium digitatum, Pagurids, sponges, Flustra foliacea, Ophiothrix fragilis and Virgularia 
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mirablilis.  The taxa removed from infaunal data during processing were reviewed to assess 
whether they would form part of the epifaunal community and none were noted. 
 
Figure 12 shows the epibenthic video samples alongside the infaunal grab sample data with 
their associated communities. 
 


 
Figure 12.  Compass Rose rMCZ video and grab sample stations showing biotopes/habitats on a 
broad-scale habitat map of the site. 


 


3.1.8 Site Summary 
 
A previous survey (Whomersley & Ware 2012; Defra 2016a) of Compass Rose rMCZ 
identified the presence of the broad-scale habitat ‘Subtidal sand’ at over two thirds of the site 
with a mosaic of ‘Subtidal coarse or mixed sediments’ occupying the remaining third. 
 
Within the current analysis, the majority of samples within the Compass Rose rMCZ site 
have been allocated to the habitat and biotope (SS.SSa.OSa; SS.SSa.OSa.OfusAfil) which 
are part of the broad-scale habitat ‘Subtidal sand’.  Table 9 provides a summary for the 
habitats and biotopes present within Compass Rose rMCZ with associated broad-scale 
habitats and other analysis notes. 
 
The physical data for eight of the stations showed subtidal coarse or mixed sediments, but 
did not cluster together geographically or at higher than 30% similarity.  However, they did 
share characterising species with the rest of group ‘c’ and were attributed to the 
SS.SSa.OSa.OfulAfil biotope despite the physical mismatches evident in the broad-scale 
habitats listed (Table 9). 
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Table 9.  Summary table for the habitat/biotopes for Compass Rose rMCZ. 


Biotope Code* Broad-


scale 


Habitat 


Group  Depth 


(m) 


Infaunal 


community 


Comments 


SS.SSa.OSa.OfusAfil Subtidal 
sand, 
subtidal 
mixed 
sediment, 
subtidal 
coarse 
sediments 


c 62 - 82 Scoloplos 


(Scoloplos) 


armiger 


Owenia fusiformis 


Galathowenia 


oculata  


Amphiura filiformis 


(juv) 


Impoverished 
community. 


SS.SSa.OSa. Subtidal 
sand 


a,b 65 - 80  Impoverished 
community. 


SS.SCS.OCS Subtidal 
coarse 


NA 64 - 66 Alcyonium 


digitatum 


Paguridae 


Porifera 


Flustra foliacea  


Ophiothrix fragilis 


Virgularia mirabilis 


Recorded 
from video 
and stills data 
only therefore 
is epifaunal. 


* Marine Habitat Classification for Britain and Ireland (JNCC 2015) 
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3.2 Markham’s Triangle rMCZ 
 
Markham’s Triangle rMCZ is 137km from the Humberside coastline in the East of England, 
with depth ranges between 30-50m deep (Figure 13).  The seabed is composed of two 
broad-scale habitats, subtidal coarse sediment and subtidal sand; other features present 
include very small areas of rock, mixed sediments and larger areas of subtidal sands and 
gravels.  The site lies adjacent to the Dutch Cleaverbank SAC which is put forward for the 
protection of harbour porpoise, grey seal and harbour seal and it is very likely that these 
species will be present within Markham’s Triangle rMCZ given the similarities of coarse 
sediment habitats.  To the north of the site lies the Outer Silver Pit which supports 
communities of crustaceans, marine mammals, fish, algae and other species (Net Gain 
2011). 
 


 
Figure 13.  Markham’s Triangle rMCZ location. 


 
Markham’s Triangle was recommended by the Net Gain regional MCZ project (Net Gain 
2011) for MCZ status based upon the presence of two broad scale habitat types; subtidal 
coarse sediment and subtidal sand. 
 
Markham’s Triangle rMCZ was surveyed in April and May 2012 (Ware & Meadows 2012) 
which acquired multibeam bathymetric data at 75% coverage for the site and the area was 
sampled using a grab (0.1m2 mini Hamon grab) and underwater towed video and stills 
camera.  The survey confirmed the presence of the broadscale habitats ‘Subtidal coarse 
sediment’ and ‘Subtidal sand’ within the rMCZ boundary.  Additionally, the survey identified 
the presence of ‘Subtidal mud’ and ‘Subtidal mixed sediments’.  A full account of the survey 
methods and results can be found in Ware and Meadows (2012) and Defra (2014). 
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3.2.1 Site specific data processing and analysis 
 
In total, 203 taxa were recorded from the 50 samples collected (Figure 14).  Twenty-three 
taxa were removed and a list of the removed taxa is provided in Table 10.  These included: 


• juveniles: can be ephemeral in nature.  These were often the only record of the taxa 
at this site and present in relatively high numbers which can have an overriding 
influence on the analysis; 


• taxa with damage/uncertain identification: ambiguous records which could introduce 
uncertainty are removed to reduce discrepancies due to misidentification; 


• taxa with only presence/absence data (majority of which are epifaunal species): the 
presence/absence records are incompatible with the abundance data such as 
counts; 


• raw data which contained row labels for taxonomic order or class and these were 
discounted unless abundances had been recorded; 


• nemertea and capitelids: meiofauna were removed due to their small size and 
relativly high numbers which can have an overriding influence on the analysis as the 
high numbers dominate any statistical clustering and similarity analyses. 


 


 
Figure 14.  Markham’s Triangle rMCZ sample stations, overlain on multibeam bathymetry data with 
broadscale bathymetry for context. 
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Table 10.  Taxa removed from Markham’s Triangle rMCZ data. 


Taxa Reason Removed (taxa number) 


Callianassa sp. indet. dam. Removed as indet and damaged, (5)  


Capitellidae indet. Grouped as Capitellidae, singleton 


Cardiidae indet. juv. Removed as indet juvenille and singleton 


Crangon crangon juv. Removed as junvenile and singleton 


Echinocardium indet. juv./dam. Removed as indet juvenille and damaged (3) 


Echinoidea indet. juv. Removed as indet juvenile (50) 


Gammaridea indet. dam. Removed as indet and damaged (19) 


Glycera indet juv. Removed as indet juvenille and singleton 


Glycera lapidum agg. Renamed Glycera lapidum 


Hesionidae indet. Dam. Removed as indet and damaged (3) 


Holothurioidea sp. indet. dam. Removed as indet and damaged (2) 


Lumbrineridae indet. Juv. Removed as indet juvenile (2) 


Nephtys indet. Dam./juv. Removed as indet juvenille and damaged (2) 


Nereididae indet dam./juv. Removed as indet damaged and singleton 


Ophiura indet. juv. Removed as indet juvenile (5) 


Ophiuroidea indet. juv. Removed as indet juvenile (7) 


Phyllodocidae sp. indet. Juv./dam. Removed as indet damaged and singleton 


Polynoidae indet. dam./juv. Removed as indet juvenile (18) 


Sipuncula sp. juv./dam. Removed as indet juvenille and damaged (4) 


sp. suffix removed throughout Taxa taken to genus with no pooling or aggregating 


Spionidae Genus A Spionidae used 


Spionidae indet. Dam. Removed as indet and damaged (6) 


TEREBELLIDA sp. indet. Dam. Removed as indet juvenille and damaged (2) 


Upogebia sp. indet. dam. Removed as indet damaged and singleton 


Gobius niger Removed as epifaunal (1) 


 


3.2.2 Summary of physical habitats 
 
A summary of key parameters of particle size analysis data is provided in Table 24, available 
in Appendix 1, which shows the area to be dominated by coarse substrate with some mixed 
substrate where silt levels are elevated.  One station (MT48) shows a higher proportion of 
silt/mud (60%) than the remaining stations.  Sandier substrates are found in the ‘channel’ 
which runs through the site and where the seabed slopes towards the deeper areas. 
 
The spatial distribution of sediment types is illustrated in Figure 15 and Figure 16 which 
highlights sediment composition (% sand, gravel and mud) overlain on the broad-scale 
habitat map (Ware & Meadows 2012). 
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Figure 15.  Markham’s Triangle rMCZ sediment composition of grab samples with broad-scale habitat 
map. 


 


Figure 16.  Markham’s Triangle rMCZ broad-scale habitat from PSA of grab samples. 
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3.2.3 Statistical results for Markham’s Triangle rMCZ 
 
The SIMPROF routine was used to define sample groups with similar species composition 
and Figure 17 displays the results of the cluster analysis on the infaunal data which have 
been aggregated at genus level, with the dendrogram based on group-averaged Bray-Curtis 
similarities computed on standardised, square root transformed abundances.  A 30% 
similarity cut-off (slice) was used to define most of the groupings which otherwise are 
separated due to only small variations, which show no practical ecological groupings. Group 
‘d’ used a lower similiarity (26%) which incorporated sample MT22 as this was a single 
sample and pooled closest to group ‘d’. 
 
Genus level aggregation was used as the data contained relatively high number of taxa 
identified to species level but in low abundances and the species were not common between 
samples.  Aggregation to genus level pooled these taxa and provided common, genus level 
data for statistical comparison.  Non-aggregated data were referred to when identifying the 
characterising species with a benthic community (Table 14). 
 
Figure 18 shows the three dimensional MDS plot of the same similarities.  The stress value 
of 0.14 gives confidence that the three-dimensional plot is an accurate representation of the 
sample relationships. 
 
The similarities between samples ranged from about 36% to 52%, with four groups identified 
(‘a’, ‘b’, ‘c’ & ‘d’).  The taxa which contributed to greater than 1% of the similarity for each of 
the biological groups based on the results of the SIMPER analysis are shown in Table 12.  
The main divisions between samples split group ‘a’ from the other groups at 10% similarity 
whilst group ‘d’ was separated from groups ‘b’ and ‘c’ at around 23% similarity. 
 


 
Figure 17.  Markham’s Triangle rMCZ dendrogram using similarities from abundance data.  
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Figure 18.  Markham’s Triangle rMCZ MDS plot from abundance data. 


 


3.2.4 Univariate results 
 
The numbers of taxa per sample (S), number of individuals per sample (N), values of 
Margalef’s species richness index (d) and Pielou’s evenness index (J’) are presented 
in Table 11. 
 
The multivariate analysis for Markham’s Triangle rMCZ resulted in four groups, with the 
majority of samples clustering into groups ‘b’ and ‘c’ which share some characterising 
species and cluster closely with one another.  Group ‘d’ is separate from groups ‘b’ and ‘c’ 
and showed a relatively high degree of similarity (52%), and appears to be less influenced 
by gravel substrates.  The remaining group ‘a’ contained only two samples but was distinct 
from the other groups and contains those samples with a high mud/silt content.  
 
The univariate analysis results showed that for group ‘c’, the densities of infaunal organisms 
were relatively consistent, with the number of taxa recorded (per sample) ranging from 12 to 
36 (mean 22) but the number of individuals (per sample) was more variable ranging from 28 
to 116, with a mean of 63.  The group appears to exhibit a variable level of richness in terms 
of Margalef’s index (range from 2.68 to ,7.521 mean 5.10) and a relatively consistent high 
level of evenness with Pielou’s index ranging from 0.71 to 0.92 and a mean of 0.83, 
indicating little variation within samples.  Group ‘b’ exhibits lower numbers of taxa than group 
‘c’ (12 to 19 taxa per sample (mean 15) and 24 to 55 individuals per sample (mean 38)), and 
with a mean of 3.88 the Margalef’s index suggests a lower diversity than Group ‘c’, but with a 
similar evenness (Pielou’s index mean of 0.86).  It is possible the groups are richer or 
impoverished versions of each other and they do share some common characterising 
species. 
 
For group ‘d’, the densities of infaunal organisms were comparable to the other groups, with 
the number of taxa recorded (per sample) ranging from 11 to 36 (mean 22), but the number 
of individuals (per sample) varying more from 19 to 156 (mean 83).  This group also exhibits 
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a variable level of richness in terms of Margalef’s index, ranging from 3.4 to 8.01, with a 
mean of 5.14, and a variable level of evenness with Pielou’s index ranging from 0.59 to 0.93 
and a mean of 0.83. 
 
With only two sample stations represented in group ‘a’, univariate statistics are of little 
meaning for describing the biological diversities and the values should be considered 
individually. 
 
Table 11.  Diversity indices and summary univariate statistics Markham’s Triangle rMCZ infaunal 
samples. 


Station code Group 
Total 


taxa (S) 


Total 


individuals (N) 


Margalef's  


(d) 


Pielou's  


(J') 


MT47(10) a 21 78 4.59 0.85 


MT48(9) a 7 44 1.59 0.64 


MT06(99) b 13 24 3.78 0.92 


MT07(101) b 12 29 3.27 0.83 


MT10(95) b 17 41 4.31 0.88 


MT11(81) b 17 43 4.25 0.81 


MT13(76) b 15 44 3.70 0.85 


MT16(56) b 12 27 3.34 0.92 


MT34(71) b 19 55 4.49 0.78 


MT02(121) c 25 81 5.46 0.86 


MT03(108) c 25 64 5.77 0.87 


MT04(111) c 16 46 3.92 0.85 


MT05(118) c 19 44 4.76 0.87 


MT08(104) c 20 71 4.46 0.85 


MT12(78) c 21 61 4.87 0.76 


MT15(64) c 25 106 5.15 0.87 


MT17(92) c 22 84 4.74 0.76 


MT18(88) c 16 37 4.15 0.82 


MT20(83) c 26 66 5.97 0.84 


MT21(58) c 25 52 6.07 0.83 


MT25(42) c 33 116 6.73 0.78 


MT26(39) c 23 59 5.40 0.86 


MT28(21) c 27 58 6.40 0.86 


MT29(7) c 16 44 3.96 0.76 


MT31(113) c 36 105 7.52 0.84 


MT32(93) c 18 48 4.39 0.83 


MT33(74) c 23 55 5.49 0.92 


MT35(69) c 14 28 3.90 0.80 


MT37(34) c 20 53 4.79 0.86 


MT38(32) c 16 47 3.90 0.81 


MT39(25) c 19 45 4.73 0.87 


MT40(23) c 19 47 4.68 0.84 


MT41(30) c 12 61 2.68 0.71 


MT42(28) c 25 62 5.82 0.85 


MT44(17) c 28 82 6.13 0.83 


MT45(61) c 21 68 4.74 0.80 
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Station code Group 
Total 


taxa (S) 


Total 


individuals (N) 


Margalef's  


(d) 


Pielou's  


(J') 


MT46(125) c 27 65 6.23 0.85 


MT01(123) d 20 50 4.86 0.81 


MT09(116) d 23 96 4.82 0.71 


MT14(66) d 16 31 4.37 0.88 


MT19(86) d 16 61 3.65 0.69 


MT22(49) d 25 57 5.94 0.92 


MT23(47) d 19 45 4.73 0.88 


MT24(44) d 11 19 3.40 0.93 


MT27(37) d 36 79 8.01 0.89 


MT30(106) d 31 66 7.16 0.91 


MT36(5) d 20 75 4.40 0.72 


MT43(15) d 27 74 6.04 0.89 


MTF1(127) d 24 156 4.56 0.59 


MTF2(131) d 20 49 4.88 0.90 


 


3.2.5 Summary of characterising species and communities 
 
Group ‘a’ which comprised just two stations (station MT47 & MT48) was characterised by 
mud with low numbers of taxa such as Abra abra and Nephtys with amphipods Ampelisca 
and Harpinia.  The gastropod Evalea4 is noted in this group and is abundant (26) in one 
sample and is found on sandy or gravelly muds. 
 
The largest group, which included thirty-four samples, clustered together at about 40% 
similarity to form group ‘c’.  The taxa which contributed to greater than 5% of the similarity 
within this group were Echinocyamus pusillus, Urothoe marina, Laonice and Ophelia 
borealis. 
 
Several characterising species were shared between group ‘b’ and ‘c’, including 
Echinocyamus pusillus and Ophelia borealis.  The polychaete Scoloplos (Scoloplos) armiger 
was absent from group ‘c’ but present in ‘b’, which may indicate that group ‘b’ had a sandier 
substrate than group ‘c’. 
 
Group ‘d’ generally shows less silt/mud content and has characterising species of Amphiura 
filiformis, the razor clam Phaxas pellucidus, the amphipod Urothoe marina and to a lesser 
extent Pholoe baltica and Spiophanes spp. contribute to the grouping. 
 
The taxa which form the characterising species for each of these groups, with a percentage 
contribution of over 1%, are shown in Table 12.  
  


                                                
4 Taxa have been identified at genus level, Evalea, which has a range of species, some of which have been 
taxonomically reclassified as Ondina species. 
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Table 12.  Characterising taxa for multivariate groups at Markham’s Triangle rMCZ, showing those 
with a contribution of over 1%. 


Group ‘a’   


Species/Taxa Average  


Abundance 


%age 


contribution 


Abra 4.92 29.29 


Nephtys 3.01 19.4 


Evalea 5.23 17.96 


Ampelisca 2.33 13.81 


Harpinia 1.55 9.76 


   


Group ‘b’   


Species/Taxa Average 


Abundance 


%age 


contribution 


Echinocyamus 4.82 24.39 


Ophelia 4.16 20.8 


Scoloplos 3.39 17.9 


Dosinia 2.43 12.92 


Glycinde 1.44 5.35 


Pista 1.3 4.7 


Phaxas 1.05 1.66 


Aonides 0.99 1.58 


Spiophanes 0.87 1.56 


   


Group ‘c’   


Species/Taxa Average 


Abundance 


%age 


contribution 


Echinocyamus 3.9 18.61 


Urothoe 2.23 7.6 


Laonice 1.9 6.97 


Pholoe 1.52 5.47 


Abra 1.67 5.41 


Syllis 1.55 5.16 


Aonides 1.46 5.02 


Ophelia 1.56 4.97 


Glycera 1.36 4.29 


Leptocheirus 1.13 3.3 


Pista 1.09 3.14 


Protodorvillea 1.2 3.06 


Goniadidae 1.01 2.71 


Cumacea 0.86 2.38 


Nucula 0.97 2.08 


Polycirrus 0.81 2.02 


Branchiostoma 0.87 1.9 


Caulleriella 0.71 1.79 


Dosinia 0.67 1.58 


Nematoda 0.85 1.47 


Eulalia 0.79 1.47 
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Group ‘d’   


Species/Taxa Average 


Abundance 


%age 


contribution 


Amphiura 4.21 24.65 


Phaxas 2.23 11.51 


Urothoe 2.59 9.49 


Goniadidae 1.36 6.13 


Pholoe 1.33 5.98 


Echinocyamus 1.54 5.06 


Spiophanes 1.13 4.19 


Tellimya 0.98 3.11 


Lumbrineris 1.19 2.61 


Callianassa 0.93 2.4 


Terebellides 0.74 2.31 


Amphictene 0.9 2.25 


Scoloplos 0.84 2.1 


Glycera 0.86 2 


Upogebia 0.56 1.55 


Ophelia 0.83 1.38 


Nephtys 0.52 1.3 


Timoclea 0.53 1.16 


   


3.2.6 Biotope allocation 
 
The groupings produced from the multivariate analysis have been matched to biotopes as 
defined by the Marine Habitats Classification for Britain and Ireland (JNCC 2015) and using 
the recent guidance by Parry (2015).  Possible candidate biotopes were selected based on 
species composition, physical parameters, such as sediment and depth, and the results of 
the multivariate analysis.  The taxa which were removed during data processing prior to 
statistical analysis were reviewed and considered within the biotope allocation process.  
 
A description of habitat types/biotopes allocated to each of the sampling stations is given 
below and summarised in Table 13 with the spatial distribution of the groups and biotopes 
illustrated in Figure 19 and Figure 20.  Table 25 in Appendix 1 presents the multivariate 
group and the biotope or habitat assigned to each sample with any comments noted from 
the processing such as impoverished samples or physical mismatches between sediment 
types and the biotopes assigned. 
 
The two sampling stations within group ‘a’ have a physical habitat which is muddier than 
other samples and is categorised as muds and sandy muds.  The biota characterising the 
group are bivalves and polychaetes found in muddy sand or mud based environments, but 
the community does not match well with any specific biotope within the habitat classification 
and as such the physical attributes have been used to assign the habitat of SS.SMu.CSaMu. 
This group only consisted of two samples which were characterised by mud with relatively 
low numbers of taxa, and it was not felt that the biological grouping was strong enough to 
drive a new biotope based on this information alone. 
 
Group ‘b’ has biota which is indicative of a sandy habitat and in most cases the sediment 
analysis supports this, with slightly gravelly or gravelly sands being attributed to the samples.  
There is very little silt/mud in any of the samples (<2%) and the gravel content is variable 
with 26% being recorded in two samples.  Despite this indicating some of the samples are 
coarse, the biotope SS.SSa.CFiSa.EpusOborApri has been assigned to this group with 
those samples having mismatched habitat types indicated in Table 25. 
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Group ‘c’ had an increased gravel content and moderate sand fraction in comparison with 
other groups and the varying level of silt gives physical habitats of mixed or coarse 
sediments.  The characterising biota has a range of polychaetes, bivalves and amphipods 
which can be associated with both coarse and mixed substrates.  The biotope 
SS.SSa.CFiSa.EpusOborApri has been assigned to this group with all samples having 
physical mismatches, indicated in Table 25.  
 
Most of the samples within group ‘d’ have a mixed sediment habitat or are muddy sand or 
sandy mud habitat where gravel fractions are lower.  The biota within this group appear to be 
associated with a sandier substrate than indicated by the physical data, with the bivalve 
Phaxas pellucidus and the brittlestar Amphiura spp. both found in relative abundance.  Other 
less abundant taxa which suggest a coarse habitat (Urothoe marina and Echinocyamus 
pusillus) are also present but are found in low abundances.  Epibenthic images were also 
reviewed and confirm heterogeneous physical habitats and biota, rather than one discreet 
community, therefore the samples within the group have not been allocated to a new 
biotope, but attributed habitats according to the physical nature of the seabed.  Habitats are 
SS.SMx.CMx, SS.SSa.CMuSa and SS.SMu.CSaMu. 
 
In summary, Table 14 shows the biotope and habitats found within Markham’s Triangle 
rMCZ with the characterising species and seabed substrate for each. 
 


 
Figure 19.  Markham’s Triangle rMCZ sample stations showing multivariate groups. 
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Figure 20.  Markham’s Triangle rMCZ sample stations showing biotope/habitats. 


 
 
Table 13.  Summary of multivariate statistical groups and associated habitats and biotopes from the 
Markham’s Triangle rMCZ. 


Multivariate 


Group 


Number of 


Samples 


Biotope Code* Broad-scale Habitat 


a 2 SS.SMu.CSaMu Subtidal mud 
b 7 SS.SSa.CFiSa.EpusOborApri Subtidal sand 


Subtidal coarse sediment 
c 28 


 
SS.SSa.CFiSa.EpusOborApri Subtidal coarse sediment 


Subtidal mixed sediments 
d 1 


3 
9 


SS.SMu.CSaMu 
SS.SSa.CMuSa 
SS.SMx.CMx 


Subtidal mud 
Subtidal sand 
Subtidal mixed sediments 


* Marine Habitat Classification for Britain and Ireland (JNCC 2015) 
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Table 14.  Summary of habitats/biotopes found within Markham’s Triangle rMCZ. 


Habitat/Biotope* Depth 


range (m) 


Substratum Infaunal community Multivariate 


groups 


SS.SSa.CMuSa 41 - 45 Sand and 


muddy sand 


Nephtys spp, 


Abra abra, 


Ampelisca diadema, 


Harpinia antennaria 


 


d 


SS.SSa.CFiSa.EpusOborApri 28 - 39 Fine sand/ 


coarse and 


mixed 


sediments 


Echinocyamus 


Ophelia borealis, 


Scoloplos armiger, 


Dosinia lupinus, 


Glycinde nordmanni 


 


b, c 


SS.SMx.CMx 30 - 40 Mixed 


sediment 


Amphiura filiformis, 


Phaxas pellucidus 


Urothoe marina, 


Goniadidae, 


Pholoe baltica 


Echinocyamus 
pusillus  


d 


SS.SMu.CSaMu 41 - 58 Mud and 


sandy mud 


Amphiura filiformis, 


Phaxas pellucidus 


Urothoe marina, 


Goniadidae, 


Pholoe baltica 


Echinocyamus 


pusillus 


a, d 


* Marine Habitat Classification for Britain and Ireland (JNCC 2015) 


 


3.2.7 Epibenthic Review 
 
Epibenthic data from 20 video tows (Figure 21) have previously been analysed visually by 
Cefas in 2012 and allocated to an appropriate habitat or biotope, these were reviewed and it 
was noted the majority (16) of samples had been allocated to the habitat SS.SSa.CFiSa 
(Circalittoral fine sand) of which 14 samples have a SS.SSa.CFiSa.EpusOborApri biotope 
attributed from infaunal analysis, and the remaining two being allocated to a sandy mud 
habitat (SS.SMu.CSaMu) and a mixed sediment habitat (SS.SMx.CMx). 
 
The epibenthic samples not attributed with a sand habitat have been assigned the habitats 
SS.SMx.CMx or SS.SCS.CCS, both of which are attributed SS.SSa.CFiSa.EpusOborApri 
from infaunal analysis suggesting a variation in physical habitats between infaunal and 
epifanunal analysis. 
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Figure 21.  Markham’s Triangle rMCZ video sample stations. 


 
The video and still images from each of the stations were reviewed again visually and it 
would appear the epifauna community does show fine sand with Asterias rubens being 
frequent, Anthozoa (Anemones) and Alcyonium digitatum being recorded occasionally along 
with numberous epibenthic fish species. 
 
The taxa removed from infaunal data during processing were reviewed to assess whether 
they would form part of the epifaunal community and only the black goby, Gobius niger, was 
noted. 
 
The habitats identified from the original analysis of the video data by Cefas in 2012 have 
been overlain onto those identified from infaunal analysis (Figure 22).  Habitat assessment 
identified fine sand at 16 stations of which 14 were also identified as a fine sand biotope 
from infaunal analysis.  Epifaunal habitat assessment identified three locations where coarse 
or mixed habitats were recorded where a fine sand biotope was identified from infaunal 
analysis. 
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Figure 22.  Markham’s Triangle rMCZ video and grab sample stations showing biotopes/habitats on a 
broad-scale habitat map of the site. 


 


3.2.8 Site Summary 
 
A previous survey (Ware & Meadows 2012; Defra 2014) identified the presence of the 
broadscale habitats ‘Subtidal coarse sediment’, ‘Subtidal sand’, ‘Subtidal mud’ and ‘Subtidal 
mixed sediments’ within the rMCZ boundary. 
 
Of the 50 samples analysed within this analysis, 38 (76%) were found to support the 
presence of ‘Subtidal sand’ in the area, having been allocated the biotope 
SS.SSa.CFiSa.EpusOborApri or habitat SS.SSa.CMuSa.  The remaining samples confirmed 
the presence of the broadscale habitats ‘Subtidal coarse sediment’, ‘Subtidal mud’ and 
‘Subtidal mixed sediments’.  Table 15 provides a summary for the habitats and biotopes 
present within Markham’s Triangle rMCZ with associated broad-scale habitats and other 
analysis notes. 
 
Table 15.  Summary table for the habitat/biotopes for Markham’s Triangle rMCZ. 


Biotope Code* Broad-


scale 


Habitat 


Group  Depth 


(m) 


Infaunal 


community 


Comments 


SS.SSa.CFiSa.EpusOborApri Subtidal 
sand, 
subtidal 
coarse 
sediment 
subtidal 
mixed 
sediments 


b, c 34 - 37 Echinocyamus 


pusillus and 


Ophelia borealis 


Impoverished 
with physical 
mismatches.  
Also epifaunal. 
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Biotope Code* Broad-


scale 


Habitat 


Group  Depth 


(m) 


Infaunal 


community 


Comments 


SS.SSa.CMuSa Subtidal 
sand 


d 41 - 45 Amphiura 


filiformis, 


Phaxas 


pellucidus, 


Urothoe marina 


Reverted to 
physical data to 
assign habitat 
type. 


SS.SMx.CMx 


 


Subtidal 
mixed 
sediment 


d 30 - 40 Amphiura 


filiformis, 


Phaxas 


pellucidus 


Urothoe marina, 


Reverted to 
physical data to 
assign habitat 
type.  Also 
epifaunal. 


SS.SMu.CSaMu Subtidal 
mud 


a, d 41 - 58  Reverted to 
physical data to 
assign habitat. 


SS.SCS.SCS Subtidal 
coarse 


NA  Asterias rubens 


Anthozoa(Anem


ones) 


Alcyonium 


digitatum 


Recorded from 
video and stills 
data only, 
therefore is 
epifaunal. 


* Marine Habitat Classification for Britain and Ireland (JNCC 2015) 
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3.3 South Rigg rMCZ 
 
South Rigg rMCZ is located in the western Irish Sea between three different territorial seas – 
Northern Irish waters to the west, Scottish waters to the north, and the Isle of Man waters to 
the east (Figure 23).  The site is approximately 28km south of the Mull of Galloway, 90km 
west of Whitehaven, and 26km north-west of Peel, Isle of Man with seabed depths ranging 
from 50 to 150 metres.  It is one of a number of rMCZs in the Irish Sea, with Mud Hole rMCZ 
to the east of the Isle of Man and Slieve Na Griddle rMCZ and North St George’s Channel 
rMCZ to the south of South Rigg rMCZ (Defra 2015). 
 


 
Figure 23.  South Rigg rMCZ location. 


 
The site was recommended by the Irish Sea Conservation Zone regional project (Irish Sea 
Conservation Zones 2011) for MCZ status to fill gaps in the network for subtidal sand, 
subtidal mud, and sea-pen and burrowing megafauna communities.  This site also contains 
bedrock outcrops and reef habitats which support a range of species including sea 
anemones, brittlestars and bryozoans, moss-like animals which in large numbers form a 
seabed turf.  The long-lived bivalve Ocean Quahog (Arctica islandica) is also found within 
the site (Defra 2015).  
 
A previous survey in 2008 collected bathymetry and backscatter data along with grab 
sample and video imagery which covered the south and west of South Rigg rMCZ site and 
was reported in Mellor et al (2008).  The information and outputs from this survey have been 
referred to during analysis and there is expected to be a commonality between the surveys 
and where possible biotopes identified or proposed new biotopes can be matched or 
referred to.  The 2008 survey did not cover the north-east of the rMCZ.  This area of the site 
was surveyed in February 2012 by AFBI (Cefas 2016b).  Sediment samples were acquired 
using a Day grab (0.1m2), and multibeam bathymetry and backscatter data were also 
acquired which were gridded at 1m resolution for analysis.  Raw epibenthic data (video and 
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stills) was provided for context from the 2012 AFBI survey, however due to low quality the 
video footage has not been further analysed for this report.   
 
The 2012 survey identified the presence of the broadscale habitat ‘Subtidal sand’ in over two 
thirds of the site, with ‘Subtidal mud’ occupying a quarter of the surveyed area and ‘Subtidal 
coarse sediment’ present in a small patch.  A full account of the survey methods and results 
can be found in Strong (2012) and Defra (2016b). 
 


3.3.1 Site specific data processing and analysis 
 
In total, 234 taxa were recorded from the 33 samples collected (Figure 24).  Twenty-eight 
taxa were removed prior to statistical analysis and are listed in Table 16 along with notes of 
where taxa where pooled.  These included: 


• juveniles: can be ephemeral in nature.  These were often the only record of the taxa 
at this site and present in relatively high numbers which can have an overriding 
influence on the analysis; 


• taxa with damage/uncertain identification: ambiguous records which could introduce 
uncertainty are removed to reduce discrepancies due to misidentification; 


• species such as fish: mobile species are removed as they do not form part of the 
infaunal community and are not permanent members of the community structure;  


• taxa with only presence/absence data (majority of which are epifaunal species): the 
presence/absence records are incompatible with the abundance data (such as 
counts); and 


• one taxa (Araphura brevimana) could not be matched to a WoRMs record, and is 
possibly a typographical error but as only a single record was noted this was 
removed due to uncertainty. 


 
Table 16.  Taxa removed from South Rigg rMCZ data. 


Taxa Reason Removed (taxa number) 


Abra spp juv Juveniles removed (9) 
Alcyonium sp  Presence data only and epifaunal 
Ampelisca sp juv Juveniles removed (2) 
Aphelochaeta sp Pooled to Aphelochaeta (2) 
Aphelochaeta sp A Pooled to Aphelochaeta (7) 
Araphura brevimana No match in WoRMS possibly Araphura brevimanus but uncertain and is a 


singleton 
ASCIDIIDAE spp juv Juveniles removed (1) 
Balanus sp Presence data only and epifaunal 
Cardiidae sp juv Juveniles removed (4) 
Cucumariidae spp juv Juveniles removed (2) 
Dosinia sp juv Juveniles removed (1) 
Ebalia spp juv Juveniles removed (2) 
Echinocardium spp juv Juveniles removed but note high abundances to be aware of when biotoping 


(21) 
ECHINOIDEA spp juv Juveniles removed but note high abundances to be aware of when biotoping 


(2) 
Gnathia sp juv  Juveniles removed (1) 
Haleciidae sp Presence data only and epifaunal 
Majidae sp juv Juveniles removed (4) 
Maldanidae spp juv Juveniles removed (7) 
Mya sp Juv Juveniles removed (13) 
Mytilidae sp juv Juveniles removed (4) 
Nephtys spp juv Juveniles removed (6) 
Nuculidae spp juv Juveniles removed (2) 
Ophiuroidea fragments removed as damaged and presence only indicated 
OPHIUROIDEA spp juv Juveniles removed but note high abundances to be aware of when biotoping 


(107) 
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Taxa Reason Removed (taxa number) 


Pectinariidae spp juv Juveniles removed (1) 
Polychaeta fragments removed as damaged and presence only indicated 
PORIFERA Presence data only and epifaunal 
Serpulidae spp indet Left as Serpulidae only, difficult to id, suspect used a catchall rather than an 


uncertain id 
Sertulariidae sp Presence data only and epifaunal 
SIPUNCULA spp juv Juveniles removed (3) 
Thyasira sp juv Juveniles removed (7) 


 


 
Figure 24.  South Rigg rMCZ (north-east section) sample stations, overlain on multibeam bathymetry 
data with broadscale bathymetry for context. 


 


3.3.2 Summary of physical habitats 
 
The spatial distribution of sediment types is illustrated in Figure 25 which highlights sediment 
composition (% sand, gravel and mud) overlaid on the broad-scale habitat map generated 
from the 2012 survey (Defra 2016b).  A summary of key parameters of particle size analysis 
data are provided in Table 26 in Appendix 1. 
 
The north-east section of the site appears to consist of sediments which are predominantly 
sandy in nature, with the majority of samples (19) being classified as ‘Subtidal sand’.  
Elevated levels of silt in some places give the seabed a muddier substrate, with ‘Subtidal 
mud’ allocated at nine stations.  Mixed substrates are found at three stations where there are 
elevated levels of silt/mud content within some of the samples which also contain higher 
levels of gravel, and only two samples (SR21 & SR22) being classified as ‘Subtidal coarse 
sediment’ from PSA data. 
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Figure 25.  South Rigg rMCZ (north-east section) sediment composition of grab samples with broad-
scale habitat map. 


 


Figure 26.  South Rigg rMCZ (north east section) broad-scale habitat from PSA of grab samples. 
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3.3.3 Statistical results for South Rigg rMCZ 
 
The SIMPROF routine was used to define sample groups with similar species composition 
and Figure 27 displays the results of the cluster analysis on the infaunal data.  The 
dendrogram is based on group-averaged Bray-Curtis similarities computed on standardised, 
square root transformed abundances.  Due to the homogeneity of the infaunal community a 
‘slice’ at a similarity level of 30% was used to differentiate between the main groupings.  
This similarity slice was used to group samples which otherwise are separated due to only 
small variations, which show no practical ecological groupings. 
 
Figure 28 shows the three dimensional MDS plot of the same similarities.  The stress value 
of 0.1 gives confidence that the three-dimensional plot is an accurate representation of the 
sample relationships. 
 
The similarities between samples ranged from about 36% to 45%, with three groups 
identified (‘a’, ‘b’ & ‘c’).  The taxa that contributed to the two main groups are shown in Table 
18. Sample SR24 was included within group ‘b’ using a lower similiarity (~22%) as this was 
single sample and pooled closest to group ‘b’. 
 
The taxa which contributed to greater than 1% of the similarity for each of the biological 
groups based on the results of the SIMPER analysis are shown.  The main divisions 
between samples split group ‘a’ from the other groups at about 10% similarity whilst group ‘b’ 
was separated from the rest of the groups at around 22% similarity.  Group ‘c’ was 
separated from other groups at under 27% similarity. 
 


 
Figure 27.  South Rigg rMCZ dendrogram using similarities from abundance data. 
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Figure 28.  South Rigg rMCZ MDS plot from abundance data. 


 


3.3.4 Univariate results 
 
The numbers of taxa per sample (S), number of individuals per sample (N), values of 
Margalef’s species richness index (d) and Pielou’s evenness index (J’) are presented in 
Table 17. 
 
The multivariate analysis for South Rigg rMCZ resulted in three groups, with the majority of 
samples clustering into the larger groups ‘b’ and ‘c’, and the remaining group ‘a’ containing 
four samples.  
 
The univariate analysis results showed that for group ‘b’, the densities of infaunal organisms 
were moderate, with the number of taxa recorded (per sample) ranging from 24 to 37 (mean 
32) and the number of individuals (per sample) ranging from 55 to 415, with a mean of 188.  
The group appears to exhibit a variable but moderate level of diversity in terms of Margalef’s 
index (ranging from 4.75 to 7.16, mean 6.13) and a moderate level of evenness with Pielou’s 
index ranging from 0.43 to 0.91 and a mean of 0.64. 
 
For group ‘c’, the densities of infaunal organisms were comparably low, suggestive of 
impoverished communities, with the number of taxa recorded (per sample) ranging from 6 to 
28 (mean 15) and the number of individuals (per sample) ranging from 11 to 53 (mean 27).  
This group also exhibits a variable but moderate level of diversity in terms of Margalef’s 
index, ranging from 2.085 to 6.80, with a mean of 4.22, and a variable but high level of 
evenness with Pielou’s index ranging from 0.8324 to 0.99 and a mean of 0.93, indicating 
little variation between samples. 
 
The four sample stations represented in group ‘a’, also show relatively high species 
densities, with a mean number of taxa per sample of 50 and a mean number of individuals 
per sample of 349.  The ross worm, Sabellaria spinulosa, accounts for the greatest number 
of individuals within this group.  This group also shows a high level of diversity, with 







Marine Conservation Zone Benthic Community Analysis 


45 


Margalef’s indices of between 8.1 and 8.9, and a variable level of evenness with a Pielou’s 
index between 0.40 and 0.81. 
 
Table 17.  Diversity indices and summary univariate statistics for South Rigg rMCZ infaunal samples. 


Station code 


Group Total 


taxa (S) 


Total 


individuals (N) 


Margalef's  


(d) 


Pielou's  


(J') 


SR11 a 56 485 8.89 0.48 


SR21 a 56 511 8.82 0.40 


SR22 a 49 275 8.55 0.54 


SR23 a 40 123 8.10 0.81 


SR24 b 27 55 6.49 0.91 


SR10 b 36 133 7.16 0.68 


SR12 b 30 219 5.38 0.62 


SR13 b 29 62 6.78 0.89 


SR18 b 31 146 6.02 0.71 


SR19 b 36 173 6.79 0.72 


SR25 b 34 242 6.01 0.60 


SR26 b 32 171 6.03 0.67 


SR27 b 39 415 6.30 0.52 


SR28 b 24 124 4.77 0.66 


SR29 b 38 204 6.96 0.54 


SR30 b 36 162 6.88 0.68 


SR31 b 31 231 5.51 0.43 


SR33 b 28 293 4.75 0.47 


SR1 c 13 27 3.64 0.93 


SR14 c 14 29 3.86 0.92 


SR15 c 14 15 4.80 0.99 


SR16 c 13 20 4.01 0.96 


SR17 c 22 41 5.66 0.93 


SR2 c 13 26 3.68 0.83 


SR3 c 9 13 3.12 0.94 


SR32 c 19 51 4.58 0.90 


SR4 c 6 11 2.09 0.96 


SR5 c 15 24 4.41 0.95 


SR6 c 13 22 3.88 0.96 


SR7 c 14 20 4.34 0.91 


SR9 c 28 53 6.80 0.89 


SR8 (no infauna)     


SR20 (no data)     
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3.3.5 Summary of characterising species and communities 
 
Four stations clustered together at about 36% similarity to form group ‘a’.  The community 
was dominated by the tube worm, Sabellaria spinulosa which contributed to over 29% of the 
group’s similarity.  Other species characteristic of this group included the bivalves Lyonsia 
norwegica and Musculus subpictus along with a range of polychaete worms. 
 
Group ‘b’ included fourteen stations clustered together at about 24% similarity. The sandy 
mud characteristic of these stations had an infaunal community dominated by capitellids of 
the genus Dasybranchus along with species such as Thyasira biplicata, Terebellides 
stroemii, Abra nitida and Nephtys hystericis. 
 
The polychaetes Monticellina (possibly renamed to Kirkegaardia, see Blake 2016) and 
Diplocirrus glaucus dominate group ‘c’ along with the burrowing crustacean Calocaris 
macandreae and the bivalue Nucula sulcate. The characterising taxa are all associated with 
mud habitats which is supported by the PSA data. 
 
The species which form the characterising species for each of these groups, with a 
percentage contribution of over 1%, are shown in Table 18. 
 
Table 18.  Characterising species for multivariate groups at South Rigg rMCZ infaunal, showing those 
with a contribution of over 1%. 


Group ‘a’ Average  
Abundance 


%age 
contribution Species/Taxa 


Sabellaria spinulosa 7.31 29.73 


Lyonsia norwegica 1.78 6.59 


Musculus subpictus 1.25 4.78 


Eumida bahusiensis 1.4 4.66 


Syllis variegata 1.16 4.38 


Galathowenia oculata 1.3 3.63 


Nereimyra punctata 0.83 3.03 


Owenia fusiformis 1.4 3 


Othomaera othonis 0.78 2.98 


Polycarpa fibrosa 0.92 2.82 


Polynoidae 0.71 2.65 


Aphelochaeta 0.65 2.42 


Lumbrineris 0.68 1.94 


Corbula gibba 0.65 1.75 


Syllis cornuta 0.74 1.66 


Pholoe baltica 0.76 1.59 


Amphipholis squamata 1.19 1.58 


Pholoe assimilis 0.71 1.5 


Eusyllis blomstrandi 0.63 1.37 


Laonice bahusiensis 0.48 1.22 


Echinocardium cordatum 0.61 1.21 
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Group ‘b’ Average  
Abundance 


%age 
contribution Species/Taxa 


Galathowenia oculata 5.96 29.87 


Amphipholis squamata 2.63 8.15 


Amphiura filiformis 2.19 7.43 


Diplocirrus glaucus 1.29 4.93 


Owenia fusiformis 1.77 3.97 


Pholoe baltica 0.87 3.58 


Falcidens crossotus 0.93 3.3 


Hiatella arctica 0.87 2.8 


Monticellina 0.84 2.21 


Cerebratulus 0.58 2.07 


Abyssoninoe hibernica 0.67 1.77 


Kurtiella bidentata 0.93 1.72 


Terebellides stroemii 0.59 1.67 


Chaetozone setosa 0.71 1.65 


Spiophanes kroyeri 0.65 1.6 


Nucula sulcata 0.64 1.51 


Glycera unicornis 0.47 1.18 


Nemertea 0.45 1 


   


Group ‘c’ Average  
Abundance 


%age 
contribution Species/Taxa 


Monticellina 2.22 12.21 


Diplocirrus glaucus 2.7 12.04 


Calocaris macandreae 2.44 12.03 


Nucula sulcata 2.59 10.69 


Nephtys incisa 1.71 7.4 


Harpinia antennaria 1.55 6.31 


Galathowenia oculata 1.74 5.92 


Notomastus 1.57 5.86 


Abyssoninoe hibernica 1.19 3.46 


Falcidens crossotus 1.17 2.9 


Glycera unicornis 1.06 2.71 


Mediomastus fragilis 0.88 2.12 


Amphiura filiformis 1.11 2.06 


Prionospio fallax 0.97 2.03 


Cerebratulus 0.85 1.87 


Pseudothyone raphanus 0.65 1.29 


   


3.3.6 Biotope allocation 
 
The groupings produced from the multivariate analysis have been matched to biotopes as 
defined by the Marine Habitats Classification for Britain and Ireland (JNCC 2015) and using 
the recent guidance by Parry (2015).  Possible candidate biotopes were selected on the 
basis of species composition, physical parameters, such as sediment and depth, and the 
results of the multivariate analysis.  The taxa which were removed during data processing 
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prior to statistical analysis were reviewed and considered within the biotope allocation 
process.  
 
A description of habitat types/biotopes allocated to each of the sampling stations is given 
below and summarised in Table 19 with the spatial distribution of the groups and biotopes 
illustrated in Figure 29 and Figure 30. Table 27 in Appendix 1 presents the multivariate 
group and the biotope or habitat assigned to each sample with any comments noted from 
the processing such as impoverished samples or physical mismatches between sediment 
types and the biotopes assigned. 
 
The sampling stations within group ‘a’ were characterised by the abundance of Sabellaria 
spinulosa and bivalves with either a coarse or sandy substrate and a depth range of 49 – 
63m.  The community is relatively diverse but in comparison to the other biotopes/habitats 
identified the characterising species do not match with any described within the current 
marine habitats classification.  The abundance of Sabellaria is not as high as expected in a 
biogenic reef biotope and a review of epibenthic video, whist of very low quality does not 
suggest a reef habitat is present.  The samples are attributed to SS.SCS.OCS, despite a 
physical mismatch, as the biological community structure supports grouping at this level in 
the classification hierarchy.  With a distinct biological grouping this could be suffixed with a 
suitable biotope code/name (such as ‘Offshore circalittoral coarse sediment with Sabellaria 
spinulosa and bivalves’) and is referred to as SS.OCS.OCS.Biotope for the purposes of 
reporting and a new biotope suggestion will be proposed. 
 
Group ‘b’ has biota which is indicative of a sandy habitat and in most cases the sediment 
analysis supports this, with some mixed sediments being attributed to the samples.  There 
are moderate silt/mud fractions in the samples (mean 15.8%) and the gravel content is 
variable with only 4 samples having greater than 5%, despite this indicating some of the 
samples are mixed.  The characterising species of Amphiura filiformis and Owenia fusiformis 
are present and could support the biotope SS.SSa.OSa.OfusAfil which has been assigned 
to this group with those samples having mismatched habitat types indicated in Table 25. 
This biotope is likely to be an impoverished version or a variation of SS.SSa.OSa.OfusAfil 
and the assignment to this biotope is uncertain but is used to differentiate from samples 
attributed to SS.SSa.OSa based on physical parameters only. 
 
The previous survey (Mellor et al 2008), which surveyed the south and west of South Rigg 
rMCZ, reports a biotope SS.SMu.OMu.MonPfal which is characterised by Monticellina sp, 
Prionospio fallax, Tharyx killariensis. With the survey area being adjacent to the current data 
set, the biotope has similarities to the communities identified within group ‘c’.  Therefore this 
biotope has been assigned to the samples within group ‘c’ due to the similarity of the 
characterising species and for consistency between the outputs of the 2008 survey and the 
samples analysed within this study.  However, SS.SMu.OMu.MonPfal is currenly not 
contained within the current habitat classification system and SS.SMu.OMu should be used 
if these samples are to be encompassed by the current system. 
 
Two samples did not contain any infaunal information (SR8 show no taxa present, SR20 had 
no data provided) and as such these were attributed to habitats according to the physical 
nature of the substrate, SS.SSa.OSa. 
 
In summary Table 20 shows the biotope and habitats found within the north-east section of 
South Rigg rMCZ with the characterising species and seabed substrate for each. 
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Figure 29.  South Rigg rMCZ (north-east section) sample stations showing multivariate groups. 


 
 


 
Figure 30.  South Rigg rMCZ (north-east section) samples showing biotope/habitats. 







Marine Conservation Zone Benthic Community Analysis 


50 


Table 19.  Summary of multivariate statistical groups and associated habitats and biotopes for South 
Rigg rMCZ. 


Multivariate 


Group 


Number of 


Samples 


Biotope Code* Broad-scale Habitat 


a 4 SS.SCS.OCS.Biotope Subtidal coarse sediment 
Subtidal sand 


b 14 SS.SSa.OSa.OfusAfil Subtidal sand 
Subtidal mud 
Subtidal mixed sediments 


c 13 SS.SMu.OMu.[MonPfal] Subtidal mud 
Subtidal sand 


No data 2 SS.SSa.OSa Subtidal sand 


* Marine Habitat Classification for Britain and Ireland (JNCC 2015) 


 
 
Table 20.  Summary of habitats/biotopes found within South Rigg rMCZ. 


Habitat/Biotope* Depth 


range (m) 


Substratum Infaunal community Multivariate 


groups 


SS.SCS.OCS.Biotope 49 - 63 Coarse 


sediment and 


sand 


 


Sabellaria spinulosa, 


Lyonsia norwegica, 


Musculus subpictus 


 


a 


SS.SSa.OSa.OfusAfil 65 - 136 Sand and 


muddy sand 


Mixed 


sediments 


 


Galathowenia oculata 


Amphipholis squamata 


Amphiura filiformis 


Owenia fusiformis 


 


b 


SS.SMu.OMu.[MonPfal] 80 - 140 Mud and 


sandy mud, 


Sand and 


muddy sand 


Monticellina 


Diplocirrus glaucus, 


Calocaris macandreae, 


Nucula sulcata, 


Nephtys incisa, 


Harpinia antennaria 


Galathowenia oculata 


Notomastus 


 


c 


SS.SSa.OSa 63 - 107 Sand and 


muddy sand 


None 


 


NA 


* Marine Habitat Classification for Britain and Ireland (JNCC 2015) 


 


3.3.7 Site Summary 
 
The 2012 survey identified the presence of the broadscale habitat ‘Subtidal sand’ in over two 
thirds of the site, with ‘Subtidal mud’ occupying a quarter of the surveyed area and ‘Subtidal 
coarse sediment’ present in a small patch.  A full account of the survey methods and results 
can be found in Strong (2012) and Defra (2016b). 
 
The samples analysed were attributed to habitats (SS.SMu.OMu, SS.SCS.OCS.Biotope, 
SS.SSa.OSa) or the biotopes (SS.SMu.OMu.[MonPfal] and SS.SSa.OSa.OfusAfil), all of 
which are part of the broad-scale habitats listed above (approximately half were subtidal 
sand) and therefore support the presence of these features. The SS.SCS.OCS.Biotope is a 
potential new biotope which will proposed for inclusion in the classification. 
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The epifaunal community associated with the biotope SS.SMu.OMu.[MonPfal] included the 
burrowing megafauna such as the thalassinid shrimp Calocaris macandrea.  Despite only 
one sea pen being recorded (Virgularia mirabilis, Station SR10), the area still may be 
considered for the MCZ habitat FOCI Sea-pen and burrowing megafauna communities as 
sea pens can be removed by human activity. 
 
Table 21 provides a summary for the habitats and biotopes present within South Rigg rMCZ 
with associated broad-scale habitats and other analysis notes. 
  
Table 21.  Summary table for the habitat/biotopes for South Rigg rMCZ. 


Biotope Code* Broad-


scale 


Habitat 


Group  Depth 


(m) 


Infaunal 


community 


Comments 


SS.SSa.OSa Subtidal 
sand, 


 63 - 107 NA No infaunal 
data, reverted to 
physical data to 
assign habitat 
type. 


SS.SSa.OSa.OfusAfil Subtidal 
sand, 
subtidal 
mud, 
subtidal 
mixed 
sediment 
 


b 65 - 136 Galathowenia 


oculata 


Amphipholis 


squamata 


Amphiura filiformis 


Owenia fusiformis 


Impoverished 
community. 


SS.SCS.OCS.Biotope 
 


Subtidal 
coarse 
sediment, 
subtidal 
sand 
 


a  49 - 63 Sabellaria 


spinulosa, 


Lyonsia norwegica, 


Musculus subpictus 


Infaunal 
assemblage 
supports 
physical 
mismatch. 


SS.SMu.OMu.[MonPfal] Subtidal 
mud, 
subtidal 
sand 


c 80 - 140 Monticellina 


Diplocirrus glaucus, 


Calocaris 


macandreae, 


Nucula sulcata, 


Nephtys incisa, 


Harpinia antennaria 


Galathowenia 


oculata 


Notomastus 


Biotope 
assigned based 
on 2008 survey, 
could revert to 
SS.SMu.OMu 


* Marine Habitat Classification for Britain and Ireland (JNCC 2015) 


 
.  
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4 Limitations 
 
The results and analyses from the projects have a range of limitations, issues and 
assumptions associated with each stage of data processing, analysis and production of 
results. 
 
All data sources are assumed to be accurate and of suitable quality to be processed and 
undergo analyses and it is noted all data have been produced to national guidelines where 
applicable.  It was noted with more historic records taxonomic names may have altered or 
the taxonomic hierarchy amended post analysis.  Where possible the new taxonomic name 
is used: where taxa were recorded at a taxonomic level which makes attribution to a new 
name ambiguous, these were left as the orginal name (i.e. Evalea, a gastropod which was 
recorded at a genus level but may be included with the Ondina genus since data were 
analysed). 
 
When processing data, certain steps are taken to attempt to standardise the dataset and 
ensure data are suitable for analysis.  This includes the removal of taxa records which are 
assumed to be either irrelevant to community structure or which provide overriding 
influences on analysis.  Data provided solely in presence/absence information are also 
generally excluded as they can not be used in combination with abundance (count) data for 
multivariate analysis.  The effect of this process is moderated by reviewing the removed taxa 
at a later stage to determine if their presence may have influenced the final results and 
where they should be considered as characterising species for biotope allocation. 
 
Aggregation of data to higher taxonomic levels may remove some of the detail in the species 
which characterise sample groupings (see recommendation below). 
 
The underlying statistical analysis routine, Bray Curtis similarity, assumes that the data are 
from equivalent samples (size or volume) and whilst data do undergo standardisation 
routines there still may be an effect of small sample sizes in the analysis and outputs.  The 
total number of taxa which are found in each sample could be due to natural variation such 
as impoverishment or alternatively due to small sample size which is difficult to standardise.  
To mitigate this limitation, the field reports were reviewed for each site and this information 
has been noted and accounted for where relevant. 
 
The multivariate groups derived as part of the analysis undertaken within this project are 
used to identify the habitat and biotopes present within each site.  Matching results to the 
habitat classification is not a precise science and the opinion of the analyst in the choice of a 
suitable biotope introduces some subjectivity (see recommendation below).  A thorough 
quality control process ensured all results from this report were verified by a second analyst 
who was not involved with the data processing; mitigating this limitation. 
 
As highlighted in the QC section, the guidance to revert to physical habitat type when no 
clear biotope is available imposes significant restrictions on the benthic community analysis, 
given that the sediment component of the Marine Habitat Classification for Britain and 
Ireland Version 15.03 has not yet been updated to incorporate the large quantities of 
offshore data collected in recent years, which presents difficulties in matching biotopes for 
sublittoral sediments (see recommendation below). 
 
Whilst undertaking the analysis, epibenthic data (video and still images) were reviewed to 
confirm or provide guidance on biotopes which may be present within sites.  Video or still 
imagery were not available for all infaunal samples and the quality of the video was varaible.  
Coincident video/still data and grab sample data for all sample stations could have been of 
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assistance and may be considered a limitation within the data available (see 
recommendation below).   
 
Each individual rMCZ site has been surveyed separately, with each site survey being 
conducted by a range of staff or contractors, over varying timescales, and the resulting data 
processed and analysed by various sources.  As these factors vary between sites, each 
rMCZ site has been considered independently and analysed as such.  This introduces the 
limitation that the results for each site cannot be compared and it is recommended that 
comparisons between rMCZ sites are not made. 
 
Sample data for the rMCZs is limited in terms of number of sample stations and the 
distribution of sample stations throughout each site.  Each survey has restricted resources 
and scientifically justified sampling strategies have been used to optimise sampling for 
specific features or geographic areas.  These sampling strategies and locations provide an 
evidence base which is extrapolated across the whole site and this may generalise the site 
or overlook the presence of habitat mosaics or other small scale variations. 
 
When using the marine habitat comparative tables (JNCC 2004), the biological comparative 
tables are version 04.05 [Online].  [Accessed March 2017] [Available from 
http://jncc.defra.gov.uk/default.aspx?page=3249].  These understandably have some out of 
date information with regards to taxa and biotopes and are therefore not ideal to base 
biotope decisions upon. 
 


4.1 Recommendations 
 
Where data aggregation to higher taxonomic levels removes detail in the species which 
characterise sample groupings, non-aggregated data should be referred to when identifying 
characterising species to ensure this level of data is not omitted during community analysis. 
 
Biotope allocation can be subjective and dependent on the opinion of the analyst.  This 
should be considered if the data is utilised within further studies, and a thorough quality 
control process should verify results and mitigate for this limitation. 
 
It would be very useful to look at clusters identified from similar analysis of other offshore 
data for similarities to those identified here, for the identification of new potential biotopes, as 
the sediment component of the Marine Habitat Classification for Britain and Ireland Version 
15.03 has not yet been updated to incorporate the large quantities of offshore data collected 
in recent years. 
 
It is recommended that where resources allow, coincident epibenthic and infaunal data are 
collected or made available, as epibenthic data (video and still images) can be reviewed to 
confirm or provide guidance on biotopes which may be present within sites.  
  



http://jncc.defra.gov.uk/default.aspx?page=3249
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6 Appendix 1: Data tables 
 


6.1 Compass Rose rMCZ Data Tables 
 


6.1.1 Compass Rose rMCZ Samples with physical sediment description and summary with broad-scale habitat type 
 
Table 22.  Compass Rose rMCZ: Sediment description, broad-scale habitat and composition details for each sample station. 


Station No. Station code Latitude Longitude Sediment description Broad-scale habitat Gravel (%) Sand (%) Silt (%) 


53 CR_C_01 54.38927 0.21185 sand and muddy sand Subtidal sand 0.24 93.28 6.48 


63 CR_C_02 54.39270 0.24550 sand and muddy sand Subtidal sand 0.02 93.56 6.42 


73 CR_R_01 54.39007 0.35595 sand and muddy sand Subtidal sand 1.01 96.47 2.52 


137 CR_R_02 54.39439 0.40952 sand and muddy sand Subtidal sand 2.54 91.23 6.23 


60 CR_R_03 54.41096 0.26944 mixed sediment Subtidal mixed sediments 36.53 56.51 6.96 


74 CR_R_04 54.41508 0.32283 coarse sediment Subtidal coarse sediments 49.94 46.16 3.91 


139 CR_R_05 54.41899 0.37643 coarse sediment Subtidal coarse sediments 12.75 83.72 3.53 


134 CR_R_06 54.42347 0.43028 sand and muddy sand Subtidal sand 0.97 90.70 8.33 


78 CR_R_07 54.43975 0.28980 sand and muddy sand Subtidal sand 0.13 93.31 6.57 


121 CR_R_08 54.44402 0.34319 sand and muddy sand Subtidal sand 0.00 88.13 11.87 


125 CR_R_09 54.40661 0.21603 sand and muddy sand Subtidal sand 2.23 88.59 9.17 


41 CR_R_10 54.46052 0.20305 coarse sediment Subtidal coarse sediments 15.10 77.85 7.05 


80 CR_R_11 54.46467 0.25657 sand and muddy sand Subtidal sand 0.07 93.20 6.72 


118 CR_R_12 54.46879 0.30992 sand and muddy sand Subtidal sand 0.07 89.38 10.55 


116 CR_R_13 54.47310 0.36349 sand and muddy sand Subtidal sand 4.24 86.62 9.13 


34 CR_R_14 54.48519 0.16969 sand and muddy sand Subtidal sand 0.79 91.86 7.35 


82 CR_R_15 54.48942 0.22336 sand and muddy sand Subtidal sand 0.05 93.38 6.56 


109 CR_R_16 54.49800 0.33033 sand and muddy sand Subtidal sand 0.28 95.32 4.40 


111 CR_R_17 54.50211 0.38402 mixed sediment Subtidal mixed sediments 33.81 58.72 7.47 


29 CR_R_18 54.50989 0.13646 sand and muddy sand Subtidal sand 0.00 95.66 4.34 


106 CR_R_19 54.52285 0.29719 sand and muddy sand Subtidal sand 1.14 90.88 7.98 


25 CR_R_20 54.53918 0.15681 sand and muddy sand Subtidal sand 0.00 91.95 8.05 


18 CR_R_21 54.56829 0.17685 sand and muddy sand Subtidal sand 0.00 92.32 7.68 


11 CR_R_22 54.59305 0.14356 sand and muddy sand Subtidal sand 0.00 89.89 10.11 
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Station No. Station code Latitude Longitude Sediment description Broad-scale habitat Gravel (%) Sand (%) Silt (%) 


48 CR_S_01 54.39806 0.10883 sand and muddy sand Subtidal sand 0.28 96.87 2.84 


132 CR_S_02 54.39850 0.46293 sand and muddy sand Subtidal sand 0.02 89.64 10.34 


51 CR_S_03 54.40239 0.16224 sand and muddy sand Subtidal sand 0.14 95.88 3.97 


129 CR_S_04 54.40244 0.51616 sand and muddy sand Subtidal sand 0.06 91.74 8.20 


56 CR_S_05 54.40641 0.21591 sand and muddy sand Subtidal sand 0.00 90.35 9.65 


46 CR_S_06 54.42714 0.12894 sand and muddy sand Subtidal sand 1.76 90.80 7.44 


127 CR_S_07 54.42754 0.48322 sand and muddy sand Subtidal sand 0.42 91.82 7.76 


43 CR_S_08 54.43132 0.18246 sand and muddy sand Subtidal sand 0.03 85.03 14.94 


76 CR_S_09 54.43565 0.23628 sand and muddy sand Subtidal sand 0.05 95.22 4.73 


123 CR_S_10 54.44822 0.39688 sand and muddy sand Subtidal sand 0.46 92.70 6.85 


39 CR_S_11 54.45621 0.14977 sand and muddy sand Subtidal sand 0.55 90.24 9.21 


113 CR_S_12 54.47729 0.41706 coarse sediment Subtidal coarse sediments 10.89 84.49 4.63 


36 CR_S_13 54.48104 0.11621 sand and muddy sand Subtidal sand 0.00 92.68 7.32 


84 CR_S_14 54.49356 0.27702 sand and muddy sand Subtidal sand 0.00 90.06 9.94 


32 CR_S_15 54.51420 0.19015 sand and muddy sand Subtidal sand 0.08 86.16 13.77 


86 CR_S_16 54.51844 0.24381 coarse sediment Subtidal coarse sediments 26.77 67.78 5.45 


104 CR_S_17 54.52694 0.35108 sand and muddy sand Subtidal sand 0.09 94.92 5.00 


27 CR_S_18 54.53512 0.10343 mixed sediment Subtidal mixed sediments 40.79 52.82 6.39 


20 CR_S_19 54.54322 0.21053 sand and muddy sand Subtidal sand 0.00 88.38 11.62 


88 CR_S_20 54.54768 0.26423 sand and muddy sand Subtidal sand 0.08 93.22 6.69 


102 CR_S_21 54.55196 0.31802 sand and muddy sand Subtidal sand 0.19 95.06 4.74 


16 CR_S_22 54.56414 0.12383 sand and muddy sand Subtidal sand 0.00 93.95 6.05 


90 CR_S_23 54.57236 0.23120 sand and muddy sand Subtidal sand 0.00 91.23 8.77 


99 CR_S_24 54.57664 0.28438 sand and muddy sand Subtidal sand 0.10 92.85 7.06 


13 CR_S_25 54.58862 0.09000 sand and muddy sand Subtidal sand 1.43 88.56 10.01 


92 CR_S_26 54.59729 0.19741 sand and muddy sand Subtidal sand 0.09 92.06 7.85 


97 CR_S_27 54.60141 0.25114 sand and muddy sand Subtidal sand 0.60 93.56 5.83 


10 CR_S_28 54.62435 0.11108 sand and muddy sand Subtidal sand 0.00 91.93 8.07 


8 CR_S_29 54.62213 0.16421 sand and muddy sand Subtidal sand 0.00 93.20 6.80 


94 CR_S_30 54.62633 0.21805 sand and muddy sand Subtidal sand 0.03 90.13 9.84 
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6.1.2 Compass Rose rMCZ Samples with associated habitats and biotopes 
 
Table 23.  Compass Rose rMCZ: Summary of habitat types and biotopes for sample stations. 


Station 


No. 


Station 


code 
Depth Sediment Description Group Broad-scale habitat MHCBI Biotope code 


EUNIS 


code 
Comment 


53 CR_C_01 66 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


63 CR_C_02 68 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


73 CR_R_01 62 Slightly gravelly sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


137 CR_R_02 62 Slightly gravelly sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


60 CR_R_03 66 Muddy sandy gravel c Subtidal mixed sediments SS.SSa.OSa.OfusAfil A5.287 


Physical 


mismatch 


74 CR_R_04 63 Sandy gravel c 


Subtidal coarse 


sediments SS.SSa.OSa.OfusAfil A5.287 


Physical 


mismatch 


139 CR_R_05 60 Gravelly sand c 


Subtidal coarse 


sediments SS.SSa.OSa.OfusAfil A5.287 


Physical 


mismatch 


134 CR_R_06 70 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


78 CR_R_07 64 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


121 CR_R_08 67 Muddy sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


125 CR_R_09 67 Slightly gravelly sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


41 CR_R_10 66 Gravelly sand c 


Subtidal coarse 


sediments SS.SSa.OSa.OfusAfil A5.287 


Physical 


mismatch 


80 CR_R_11 65 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


118 CR_R_12 70 Muddy sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


116 CR_R_13 72 Slightly gravelly sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


34 CR_R_14 67 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


82 CR_R_15 65 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


109 CR_R_16 72 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


111 CR_R_17 67 Muddy sandy gravel c Subtidal mixed sediments SS.SSa.OSa.OfusAfil A5.287 


Physical 


mismatch 


29 CR_R_18 68 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


106 CR_R_19 74 Slightly gravelly sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


25 CR_R_20 68 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  
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Station 


No. 


Station 


code 
Depth Sediment Description Group Broad-scale habitat MHCBI Biotope code 


EUNIS 


code 
Comment 


18 CR_R_21 72 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


11 CR_R_22 75 Muddy sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


48 CR_S_01 65 Sand a Subtidal sand SS.SSa.OSa A5.27  


132 CR_S_02 67 Muddy sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


51 CR_S_03 66 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


129 CR_S_04 70 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


56 CR_S_05 67 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


46 CR_S_06 67 Slightly gravelly sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


127 CR_S_07 69 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


43 CR_S_08 67 Muddy sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


76 CR_S_09 64 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


123 CR_S_10 74 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


39 CR_S_11 67 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


113 CR_S_12 64 Gravelly sand c 


Subtidal coarse 


sediments SS.SSa.OSa.OfusAfil A5.287 


Physical 


mismatch 


36 CR_S_13 66 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


84 CR_S_14 70 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


32 CR_S_15 67 Muddy sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


86 CR_S_16 71 Gravelly sand c 


Subtidal coarse 


sediments SS.SSa.OSa.OfusAfil A5.287 


Physical 


mismatch 


104 CR_S_17 69 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


27 CR_S_18 66 Muddy sandy gravel c Subtidal mixed sediments SS.SSa.OSa.OfusAfil A5.287 


Physical 


mismatch 


20 CR_S_19 72 Muddy sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


88 CR_S_20 78 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


102 CR_S_21 69 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


16 CR_S_22 66 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


90 CR_S_23 81 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


99 CR_S_24 68 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


13 CR_S_25 64 Slightly gravelly muddy sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  
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Station 


No. 


Station 


code 
Depth Sediment Description Group Broad-scale habitat MHCBI Biotope code 


EUNIS 


code 
Comment 


92 CR_S_26 81 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


97 CR_S_27 70 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


10 CR_S_28 82 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  


8 CR_S_29 80 Sand b Subtidal sand SS.SSa.OSa A5.27  


94 CR_S_30 71 Sand c Subtidal sand SS.SSa.OSa.OfusAfil A5.287  
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6.2 Markham’s Triangle rMCZ Data Tables 
 


6.2.1 Markham’s Triangle rMCZ Samples with physical sediment description and summary with broad-scale habitat type 
 
Table 24.  Markham’s Triangle rMCZ: Sediment description, broad-scale habitat and composition details for each sample station. 


Station No. Station code Latitude Longitude Sediment description Broad-scale habitat Gravel (%) Sand (%) Silt (%) 


123 MT01 53.88315 2.83706 Mixed sediments Subtidal mixed sediments 47.28 47.33 5.39 


121 MT02 53.88513 2.88231 Coarse sediments Subtidal coarse sediments 49.33 48.71 1.96 


108 MT03 53.89900 2.78458 Coarse sediments Subtidal coarse sediments 38.34 57.16 4.50 


111 MT04 53.90174 2.82250 Mixed sediments Subtidal mixed sediments 37.41 55.23 7.36 


118 MT05 53.90374 2.86032 Coarse sediments Subtidal coarse sediments 29.75 68.23 2.02 


99 MT06 53.91303 2.68606 Coarse sediments Subtidal coarse sediments 26.42 72.13 1.45 


101 MT07 53.91496 2.72411 Coarse sediments Subtidal coarse sediments 14.73 84.23 1.05 


104 MT08 53.91766 2.76261 Coarse sediments Subtidal coarse sediments 42.76 52.68 4.56 


116 MT09 53.92248 2.83783 Mud and sandy mud Subtidal mud 0.06 77.71 22.23 


95 MT10 53.92878 2.62663 Sand and muddy sand Subtidal sand 0.94 97.92 1.14 


81 MT11 53.93169 2.66329 Coarse sediments Subtidal coarse sediments 26.81 72.42 0.77 


78 MT12 53.93350 2.70052 Coarse sediments Subtidal coarse sediments 19.89 76.49 3.62 


76 MT13 53.93043 2.73462 Sand and muddy sand Subtidal sand 2.44 96.64 0.92 


66 MT14 53.93732 2.77729 Sand and muddy sand Subtidal sand 1.17 87.15 11.68 


64 MT15 53.94001 2.81683 Coarse sediments Subtidal coarse sediments 36.77 59.83 3.39 


56 MT16 53.94048 2.85155 Sand and muddy sand Subtidal sand 0.57 98.72 0.71 


92 MT17 53.94497 2.56506 Coarse sediments Subtidal coarse sediments 35.13 63.84 1.03 


88 MT18 53.94685 2.60250 Coarse sediments Subtidal coarse sediments 31.39 65.93 2.69 


86 MT19 53.94946 2.64066 Mixed sediments Subtidal mixed sediments 49.73 42.46 7.82 


83 MT20 53.95161 2.67918 Coarse sediments Subtidal coarse sediments 22.04 74.61 3.35 


58 MT21 53.96099 2.83177 Coarse sediments Subtidal coarse sediments 49.24 49.11 1.64 


49 MT22 53.96294 2.54432 Mixed sediments Subtidal mixed sediments 33.78 53.32 12.90 


47 MT23 53.96552 2.58173 Mixed sediments Subtidal mixed sediments 42.26 51.20 6.53 


44 MT24 53.96750 2.61869 Mixed sediments Subtidal mixed sediments 51.66 40.39 7.95 


42 MT25 53.96947 2.65634 Coarse sediments Subtidal coarse sediments 44.34 51.36 4.30 


39 MT26 53.97169 2.69502 Coarse sediments Subtidal coarse sediments 48.02 47.76 4.21 
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Station No. Station code Latitude Longitude Sediment description Broad-scale habitat Gravel (%) Sand (%) Silt (%) 


37 MT27 53.97444 2.73281 Mixed sediments Subtidal mixed sediments 22.40 63.41 14.19 


21 MT28 53.97909 2.80802 Coarse sediments Subtidal coarse sediments 22.96 74.02 3.02 


7 MT29 53.98095 2.84662 Coarse sediments Subtidal coarse sediments 30.24 69.76 0.00 


106 MT30 53.91891 2.78501 Mixed sediments Subtidal mixed sediments 33.32 58.79 7.89 


113 MT31 53.92014 2.80803 Mixed sediments Subtidal mixed sediments 14.44 73.88 11.68 


93 MT32 53.94060 2.56278 Coarse sediments Subtidal coarse sediments 32.30 64.24 3.46 


74 MT33 53.94680 2.71880 Mixed sediments Subtidal mixed sediments 27.37 52.40 20.23 


71 MT34 53.95077 2.74341 Sand and muddy sand Subtidal sand 3.90 94.09 2.02 


69 MT35 53.95250 2.76885 Coarse sediments Subtidal coarse sediments 34.38 63.76 1.87 


5 MT36 53.95983 2.49006 Mixed sediments Subtidal mixed sediments 39.01 42.06 18.94 


34 MT37 53.96247 2.73093 Coarse sediments Subtidal coarse sediments 20.81 76.99 2.21 


32 MT38 53.96413 2.75455 Coarse sediments Subtidal coarse sediments 5.77 90.13 4.11 


25 MT39 53.96537 2.77681 Coarse sediments Subtidal coarse sediments 47.28 51.15 1.57 


23 MT40 53.96684 2.79986 Coarse sediments Subtidal coarse sediments 41.42 56.78 1.80 


30 MT41 53.97626 2.76265 Mixed sediments Subtidal mixed sediments 30.91 54.30 14.79 


28 MT42 53.97762 2.78624 Coarse sediments Subtidal coarse sediments 48.66 49.81 1.53 


15 MT43 53.98851 2.77321 Mixed sediments Subtidal mixed sediments 21.93 60.18 17.89 


17 MT44 53.98975 2.79533 Mixed sediments Subtidal mixed sediments 54.41 37.34 8.25 


61 MT45 53.94870 2.82830 Coarse sediments Subtidal coarse sediments 46.33 53.62 0.05 


125 MT46 53.86993 2.88778 Coarse sediments Subtidal coarse sediments 38.42 60.59 0.99 


10 MT47 53.99677 2.84858 Mud and sandy mud Subtidal mud 0.02 66.38 33.60 


9 MT48 53.99348 2.85449 Mud and sandy mud Subtidal mud 0.02 39.99 59.99 


127 MTF1 53.92711 2.80740 Sand and muddy sand Subtidal sand 0.14 80.30 19.57 


131 MTF2 53.92583 2.84646 Sand and muddy sand Subtidal sand 0.02 93.40 6.58 
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6.2.2 Markham’s Triangle rMCZ Samples with associated habitats and biotopes 
 
Table 25.  Markham’s Triangle rMCZ: Summary of habitat types and biotopes for sample stations. 


Station 
No. 


Station 
code Depth Sediment Description Group Broad-scale habitat MHCBI Biotope code 


EUNIS 
code Comment 


123 MT01 30 Muddy sandy gravel d Subtidal mixed sediments SS.SMx.CMx A5.44   


121 MT02 30 Sandy gravel c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


108 MT03  Sandy gravel c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


111 MT04 33 Muddy sandy gravel c Subtidal mixed sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


118 MT05 35 Gravelly sand c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


99 MT06 35 Gravelly sand b 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


101 MT07 36 Gravelly sand b 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


104 MT08  Sandy gravel c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


116 MT09 41 Slightly gravelly muddy sand d Subtidal mud SS.SMu.CSaMu A5.35   


95 MT10  Slightly gravelly sand b Subtidal sand SS.SSa.CFiSa.EpusOborApri A5.251  


81 MT11 35 Gravelly sand b 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


78 MT12 36 Gravelly sand c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


76 MT13 35 Slightly gravelly sand b Subtidal sand SS.SSa.CFiSa.EpusOborApri A5.251  


66 MT14 41 Slightly gravelly muddy sand d Subtidal sand SS.SSa.CMuSa A5.26   


64 MT15 33 Sandy gravel c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


56 MT16 34 Slightly gravelly sand b Subtidal sand SS.SSa.CFiSa.EpusOborApri A5.251  


92 MT17  Sandy gravel c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 
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Station 
No. 


Station 
code Depth Sediment Description Group Broad-scale habitat MHCBI Biotope code 


EUNIS 
code Comment 


88 MT18  Sandy gravel c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


86 MT19  Muddy sandy gravel d Subtidal mixed sediments SS.SMx.CMx A5.44   


83 MT20 37 Gravelly sand c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


58 MT21 36 Sandy gravel c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


49 MT22 38 Muddy sandy gravel d Subtidal mixed sediments SS.SMx.CMx A5.44   


47 MT23 38 Muddy sandy gravel d Subtidal mixed sediments SS.SMx.CMx A5.44   


44 MT24 38 Muddy sandy gravel d Subtidal mixed sediments SS.SMx.CMx A5.44   


42 MT25 39 Sandy gravel c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


39 MT26 37 Sandy gravel c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


37 MT27  Gravelly muddy sand d Subtidal mixed sediments SS.SMx.CMx A5.44   


21 MT28 37 Gravelly sand c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


7 MT29 37 Sandy gravel c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


106 MT30  Muddy sandy gravel d Subtidal mixed sediments SS.SMx.CMx A5.44   


113 MT31 39 Gravelly muddy sand c Subtidal mixed sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


93 MT32  Sandy gravel c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


74 MT33 37 Gravelly muddy sand c Subtidal mixed sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


71 MT34 37 Slightly gravelly sand b Subtidal sand SS.SSa.CFiSa.EpusOborApri A5.251  


69 MT35 37 Sandy gravel c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


5 MT36  Muddy sandy gravel d Subtidal mixed sediments SS.SMx.CMx A5.44   


34 MT37 36 Gravelly sand c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 
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Station 
No. 


Station 
code Depth Sediment Description Group Broad-scale habitat MHCBI Biotope code 


EUNIS 
code Comment 


32 MT38  Gravelly sand c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


25 MT39  Sandy gravel c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


23 MT40 36 Sandy gravel c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


30 MT41 37 Muddy sandy gravel c Subtidal mixed sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


28 MT42  Sandy gravel c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


15 MT43 40 Gravelly muddy sand d Subtidal mixed sediments SS.SMx.CMx A5.44   


17 MT44 40 Muddy sandy gravel c Subtidal mixed sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


61 MT45 34 Sandy gravel c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


125 MT46 28 Sandy gravel c 


Subtidal coarse 


sediments SS.SSa.CFiSa.EpusOborApri A5.251 Physical mismatch 


10 MT47 56 Slightly gravelly muddy sand a Subtidal mud SS.SMu.CSaMu A5.35   


9 MT48 58 Slightly gravelly sandy mud a Subtidal mud SS.SMu.CSaMu A5.35   


127 MTF1 45 Slightly gravelly muddy sand d Subtidal sand SS.SSa.CMuSa A5.26   


131 MTF2  Slightly gravelly sand d Subtidal sand SS.SSa.CMuSa A5.26   
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6.3 South Rigg rMCZ Data Tables 
 


6.3.1 South Rigg rMCZ Samples with physical sediment description and summary with broad-scale habitat type 
 
Table 26.  South Rigg rMCZ: Sediment description, broad-scale habitat and composition details for each sample station. 


Station No. Station code Latitude Longitude Sediment description Broad-scale habitat Gravel (%) Sand (%) Silt (%) 


1 SR1 54.365 -4.958983 mud and sandy mud Subtidal mud 0.21 78.22 21.57 


2 SR2 54.3723 -4.942333 sand and muddy sand Subtidal sand 0.15 83.70 16.15 


3 SR3 54.3747 -4.970667 mud and sandy mud Subtidal mud 0.29 52.66 47.05 


4 SR4 54.3725 -4.994417 mud and sandy mud Subtidal mud 0.21 59.59 40.19 


5 SR5 54.3847 -4.989 mud and sandy mud Subtidal mud 0.82 55.23 43.95 


6 SR6 54.3998 -4.962333 mud and sandy mud Subtidal mud 0.12 72.17 27.72 


7 SR7 54.38 -4.974833 mud and sandy mud Subtidal mud 0.01 73.63 26.35 


8 SR8 54.39 -4.949167 sand and muddy sand Subtidal sand 0.01 81.76 18.23 


9 SR9 54.3927 -4.916333 sand and muddy sand Subtidal sand 0.00 81.02 18.98 


10 SR10 54.3967 -4.891667 sand and muddy sand Subtidal sand 1.78 92.07 6.14 


11 SR11 54.4095 -4.884 sand and muddy sand Subtidal sand 2.17 94.03 3.79 


12 SR12 54.4052 -4.9075 sand and muddy sand Subtidal sand 0.16 85.98 13.86 


13 SR13 54.4027 -4.930833 mud and sandy mud Subtidal mud 0.03 78.34 21.63 


14 SR14 54.4018 -4.93 sand and muddy sand Subtidal sand 0.11 81.81 18.08 


15 SR15 54.3985 -4.983833 mud and sandy mud Subtidal mud 0.40 66.85 32.74 


16 SR16 54.4095 -4.988167 sand and muddy sand Subtidal sand 0.93 81.75 17.33 


17 SR17 54.4102 -4.973167 sand and muddy sand Subtidal sand 0.27 84.67 15.06 


18 SR18 54.4107 -4.946167 mixed sediments Subtidal mixed sediments 9.48 64.93 25.59 


19 SR19 54.433 -4.92245 sand and muddy sand Subtidal sand 0.19 87.38 12.43 


20 SR20 54.4193 -4.894667 sand and muddy sand Subtidal sand 0.62 92.18 7.20 


21 SR21 54.4223 -4.870833 coarse sediments Subtidal coarse sediments 11.43 84.26 4.31 


22 SR22 54.4355 -4.8707 coarse sediments Subtidal coarse sediments 13.00 85.39 1.61 


23 SR23 54.4292 -4.897733 sand and muddy sand Subtidal sand 1.71 93.89 4.40 


24 SR24 54.4298 -4.9175 sand and muddy sand Subtidal sand 4.43 88.60 6.96 


25 SR25 54.4216 -4.933333 sand and muddy sand Subtidal sand 0.08 88.05 11.87 


26 SR26 54.4267 -4.945 sand and muddy sand Subtidal sand 0.03 88.30 11.67 
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Station No. Station code Latitude Longitude Sediment description Broad-scale habitat Gravel (%) Sand (%) Silt (%) 


27 SR27 54.4358 -4.956 mixed sediments Subtidal mixed sediments 10.62 68.80 20.58 


28 SR28 54.443 -4.989333 sand and muddy sand Subtidal sand 1.82 81.16 17.02 


29 SR29 54.4267 -5.025 sand and muddy sand Subtidal sand 5.00 77.80 17.21 


30 SR30 54.4298 -5.0045 mud and sandy mud Subtidal mud 3.21 76.05 20.74 


31 SR31 54.4188 -4.990333 mixed sediments Subtidal mixed sediments 24.60 55.34 20.06 


32 SR32 54.4205 -4.969167 sand and muddy sand Subtidal sand 0.21 82.94 16.85 


33 SR33 54.4335 -4.977 sand and muddy sand Subtidal sand 1.99 82.77 15.24 
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6.3.2 South Rigg rMCZ Samples with associated habitats and biotopes 
 
Table 27.  South Rigg rMCZ: Summary of habitat types and biotopes for sample stations. 


Station 
No. 


Station 
code Depth Sediment Description Group Broad-scale habitat MHCBI Biotope code 


EUNIS 
code Comment 


1 SR1 116 Muddy sand c Subtidal mud SS.SMu.OMu.[MonPfal] A5.37  


2 SR2 99 Muddy sand c Subtidal sand SS.SMu.OMu.[MonPfal] A5.37 Physical mismatch 


3 SR3 132 Muddy sand c Subtidal mud SS.SMu.OMu.[MonPfal] A5.37  


4 SR4 124 Muddy sand c Subtidal mud SS.SMu.OMu.[MonPfal] A5.37  


5 SR5 135 Muddy sand c Subtidal mud SS.SMu.OMu.[MonPfal] A5.37  


6 SR6 119 Muddy sand c Subtidal mud SS.SMu.OMu.[MonPfal] A5.37  


7 SR7 140 Muddy sand c Subtidal mud SS.SMu.OMu.[MonPfal] A5.37  


8 SR8 107 Muddy sand No taxa Subtidal sand SS.SSa.OSa A5.27 


Reverted to physical 


habitat 


9 SR9 80 Muddy sand c Subtidal sand SS.SMu.OMu.[MonPfal] A5.37 Physical mismatch 


10 SR10 65 Slightly gravelly sand b Subtidal sand SS.SSa.OSa.OfusAfil A5.272  


11 SR11 49 Slightly gravelly sand a Subtidal sand SS.SCS.OCS.Biotope A5.15x Physical mismatch 


12 SR12 75 Muddy sand b Subtidal sand SS.SSa.OSa.OfusAfil A5.272  


13 SR13 85 Muddy sand b Subtidal mud SS.SSa.OSa.OfusAfil A5.272 Physical mismatch 


14 SR14 82 Muddy sand c Subtidal sand SS.SMu.OMu.[MonPfal] A5.37 Physical mismatch 


15 SR15 129 Muddy sand c Subtidal mud SS.SMu.OMu.[MonPfal] A5.37  


16 SR16 134 Muddy sand c Subtidal sand SS.SMu.OMu.[MonPfal] A5.37 Physical mismatch 


17 SR17 127 Muddy sand c Subtidal sand SS.SMu.OMu.[MonPfal] A5.37 Physical mismatch 


18 SR18 95 Muddy sand b Subtidal mixed sediments SS.SSa.OSa.OfusAfil A5.272 Physical mismatch 


19 SR19 80 Muddy sand b Subtidal sand SS.SSa.OSa.OfusAfil A5.272  


20 SR20 63 Sand No data Subtidal sand SS.SSa.OSa A5.27 


Reverted to physical 


habitat 


21 SR21 54 Gravelly sand a 


Subtidal coarse 


sediments SS.SCS.OCS.Biotope A5.15x  


22 SR22 57 Gravelly sand a 


Subtidal coarse 


sediments SS.SCS.OCS.Biotope A5.15x  


23 SR23 63 Slightly gravelly sand a Subtidal sand SS.SCS.OCS.Biotope A5.15x Physical mismatch 
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Station 
No. 


Station 
code Depth Sediment Description Group Broad-scale habitat MHCBI Biotope code 


EUNIS 
code Comment 


24 SR24 74 Slightly gravelly sand b Subtidal sand SS.SSa.OSa.OfusAfil A5.272  


25 SR25 95 Muddy sand b Subtidal sand SS.SSa.OSa.OfusAfil A5.272  


26 SR26 104 Muddy sand b Subtidal sand SS.SSa.OSa.OfusAfil A5.272  


27 SR27 95 gMuddy sand b Subtidal mixed sediments SS.SSa.OSa.OfusAfil A5.272 Physical mismatch 


28 SR28 120 Slightly gravelly muddy sand b Subtidal sand SS.SSa.OSa.OfusAfil A5.272  


29 SR29 136 Slightly gravelly muddy sand b Subtidal sand SS.SSa.OSa.OfusAfil A5.272  


30 SR30 131 Slightly gravelly muddy sand b Subtidal mud SS.SSa.OSa.OfusAfil A5.272 Physical mismatch 


31 SR31 120 gMuddy sand b Subtidal mixed sediments SS.SSa.OSa.OfusAfil A5.272 Physical mismatch 


32 SR32 120 Muddy sand c Subtidal sand SS.SMu.OMu.[MonPfal] A5.37 Physical mismatch 


33 SR33 115 Slightly gravelly muddy sand b Subtidal sand SS.SSa.OSa.OfusAfil A5.272  
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7 Appendix 2: Colour Schemes 
 
Maps are presented as figures throughout the report and where possible standard colour 
schemes have been used.  For certain maps, which show sample station by sediment or 
habitat type, alternate have been used as these better illustrate and discriminate the 
difference between classes. The standard EUNIS colour for each habitat is provided below 
with the alternate colour used within this report, and red, green and blue values are given for 
reference. 
 
A5.1; Subtidal coarse sediment; Gravels/Coarse Sediments, SS.SCS 


 colour RED GREEN BLUE 


EUNIS  255 187 153 


ALTERNATE  255 105 190 


 
A5.2; Sublittoral Sand; Sands & Muddy Sands, SS.SSa 


 colour RED GREEN BLUE 


EUNIS  255 255 128 


ALTERNATE  255 255 0 


 
A5.3; Sublittoral Mud; Muds &Sandy Muds; SS.SMu 


 colour RED GREEN BLUE 


EUNIS  229 197 115 


ALTERNATE  145 110 060 


 
A5.4; Subtidal mixed sediments; Subtidal Mixed Sediments; SS.SMx 


 colour RED GREEN BLUE 


EUNIS  221 255 153 


ALTERNATE  000 160 060 
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8 Annex: QC Comments and feedback 
 
At several stations, physical habitat type has been reverted to for classification as there is no 
clear match with existing biotopes.  This raises several potential issues: 
 


• the biological interest of the sites is reduced; 


• information from the biological samples is not fully and easily available without 
delving into the detail of the statistical analysis; and 


• biological detail may be lost when information is summarised. 
 
Recommendations for the three sites follow: 
 


8.1 Compass Rose rMCZ 
 
Eight sample stations from this site whose infauna clustered into group ‘c’ were not attributed 
to the biotope SS.SSa.OSa.OfulAfil because the habitat type was either mixed or coarse 
sediment, which did not fit the biotope habitat of sand.  Following guidance from JNCC, the 
habitat type was reverted to for classification of those stations. 
 
However, the stations in question (27, 60, 111, 41, 74, 86, 113 and 139) were not clustered 
together geographically (see Fig 10), nor did they cluster together on the dendrogram at 
higher similarity than the 30% cut off used, and they did share characterising species with 
the rest of group ‘c’.  Therefore, it is recommended that these stations are also attributed to 
the same biotope type (albeit possibly somewhat impoverished) as the rest of group ‘c’: 
OSa.OfulAfil, with a note that the habitat types don’t match. 
 
REMEDIAL ACTION: Suggestion taken and amendments made to the eight stations in 
group ‘c’ in the data and report. 
 


8.2 Markham’s Triangle rMCZ 
 
In order to use the biological data to the full, it is recommended that the habitat descriptions 
are relied upon less and the biotopes for groups ‘a’-‘d’   are described as they cluster from 
the infaunal analysis.  As there are no matching biotopes in the classification it is suggested 
that: 
 


• a potential new biotope description is suggested for group ‘a’; 


• Group ‘c’ should be allocated to the biotope CFiSa.EpusOborApri, with notes that 
there are habitat mismatches for all stations; 


• a potential new biotope description is suggested for group ‘d’; 
 
REMEDIAL ACTION: 
 


• Group ‘a’ – suggestion not taken.  This group only consisted of two samples which 
were characterised by mud with low numbers of taxa, and it was not felt that the 
biological grouping was strong enough to drive a new biotope based on this 
information alone. 


• Group ‘c’ – suggestion taken.  Group ‘c’ allocated to the biotope 
CFiSa.EpusOborApri, with notes of the habitat mismatches made. 


• Group ‘d’ – suggestion not taken.  Group ‘d’ is a strong cluster, however it is 
apparent that stations within group ‘d’ were distinguished by taxa such as Amphiura 
filiformis, the razor clam Phaxas pellucidus, the amphipod Urothoe marina and to a 
lesser extent Pholoe baltica and Spiophanes spp.  These species are representative 
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of both sandy and coarse habitats, with the majority of stations having a physical 
substrate recorded as mixed. The biota within this group appear to be associated 
with a sandier substrate than indicated by the physical data, or a coarse habitat. 
Epibenthic images were also reviewed and confirm heterogeneous physical habitats 
and biota, therefore the samples within the group have been attributed habitats 
according to the physical nature of the seabed 


 


8.3 South Rigg rMCZ 
 
Three infaunal clusters identified from the stats.  The clusters are also clustered 
geographically (Figure 29) and this seems to reflect their sediment composition and to some 
extent, depth. 
 
The biotopes OSa.OfusAfil and Omu.MonPfal have been allocated to groups ‘b’ and ‘c’ 
respectively, which seem to be a reasonable match. 
 
There is no biotope match for group ‘a’, so following guidance, it was allocated to the habitat 
type OCS.  However, it appears to be a distinct biotope for which there is reasonable 
information from four stations, so it is recommended this should be described as a potential 
new biotope rather than reverting to the habitat type, with a note where habitat type does not 
match. 
 
REMEDIAL ACTION: Suggestion taken and amendments made to group ‘a’ in the data 
and report. 
 


8.4 Quality Assurance and Audit Trail 
 
To ensure there is agreement on the biotopes assigned, it is required that a minimum of 10% 
of data (biotope samples) were checked by a third party/analyst who did not undertake the 
original data processing, statistical analysis or biotope allocation.  Once the third party is 
satisfied that data have been analysed correctly this is verified in the table below.  For this 
project 100% of data and sample biotope allocation were checked and verified. 
 
Site Action Analyst Reviewer Checked 


Compass Rose rMCZ Data handling checked, prior to 
import to primer for analysis 
 


ISS AB YES 


 Statistical analysis outputs verified 
 


ISS CJ YES 


 Biotope allocation for each sample 
agreed 
 


ISS CJ YES 


Markham’s Triangle 
rMCZ 


Data handling checked, prior to 
import to primer for analysis 
 


ISS AB YES 


 Statistical analysis outputs verified 
 


ISS CJ YES 


 Biotope allocation for each sample 
agreed 
 


ISS CJ YES 


South Rigg rMCZ Data handling checked, prior to 
import to primer for analysis 
 


ISS AB YES 


 Statistical analysis outputs verified 
 


ISS CJ YES 
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Site Action Analyst Reviewer Checked 
 Biotope allocation for each sample 


agreed 
 


ISS CJ YES 


 
Data checks were undertaken from 10% of samples randomly selected from each site: 
 


COMPASS ROSE 


Station No. Station 


code 


Depth Sediment 


Description 


Group Broad-


scale 


habitat 


MHCBI Biotope 


code 


EUNIS 


code 


Comment 


11 CR_R_22 75 Muddy sand c Subtidal 


sand 


SS.SSa.OSa.OfusAfil A5.273 


 


29 CR_R_18 68 Sand c Subtidal 


sand 


SS.SSa.OSa.OfusAfil A5.279 


 


88 CR_S_20 78 Sand c Subtidal 


sand 


SS.SSa.OSa.OfusAfil A5.296 


 


102 CR_S_21 69 Sand c Subtidal 


sand 


SS.SSa.OSa.OfusAfil A5.302 


 


109 CR_R_16 72 Sand c Subtidal 


sand 


SS.SSa.OSa.OfusAfil A5.305 


 


 
Broad-scale habitat classes were incorrect and EUNIS codes were incorrect, all other data 
were correct.  Remedial action was taken to amend tables and correct errors in report. 
These errors and amends did not affect raw data, processed data or analyses. 
 


MARKHAMS TRIANGLE 


Station No. Station 


code 


Depth Sediment 


Description 


Group Broad-


scale 


habitat 


MHCBI Biotope 


code 


EUNIS 


code 


Comment 


10 MT47 56 Slightly 


gravelly 


muddy sand 


a Subtidal 


mud 


SS.SMu.CSaMu A5.35  


 


15 MT43 40 Gravelly 


muddy sand 


d Subtidal 


mixed 


sediments 


SS.SMx.CMx A5.44  


 


23 MT40 36 Sandy 


gravel 


c Subtidal 


coarse 


sediments 


SS.SCS.CCS A5.14  


 


25 MT39 


 


Sandy 


gravel 


c Subtidal 


coarse 


sediments 


SS.SCS.CCS A5.14  


 


71 MT34 37 Slightly 


gravelly 


sand 


b Subtidal 


sand 


SS.SSa.CFiSa. 


EpusOborApri 


A5.251 


 


 
All data cross-checked and verified. Biotope assignment agreed. 
 


SOUTH RIGG 


Station No. Station 


code 


Depth Sediment 


Description 


Group Broad-


scale 


habitat 


MHCBI 


Biotope code 


EUNIS 


code 


Comment 
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1 SR1 136 Muddy sand c Subtidal 


mud 


SS.SMu.Omu. 


[MonPfal] 


A5.37 


 


4 SR4 105 Muddy sand c Subtidal 


mud 


SS.SMu.Omu. 


[MonPfal] 


A5.37 


 


27 SR27 104 gMuddy 


sand 


b Subtidal 


mixed 


sediments 


SS.SSa.OSa. 


OfusAfi 


A5.272 Physical 


mismatch 


 
All data-cross checked and verified. Biotope assignment agreed. 
 
Final documents undergo review and checks, according to the following processes. 
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SUMMARY


Airspeeds in flapping and flap-gliding flight were measured at Foula, Shetland for
three species of auks (Alcidae), three gulls (Landae), two skuas (Stercorariidae), the
fulmar (Procellariidae), the gannet (Sulidae) and the shag (Phalacrocoracidae). The
airspeed distributions were consistent with calculated speeds for minimum power
and maximum range, except that observed speeds in the shag were unexpectedly low
in relation to the calculated speeds. This is attributed to scale effects that cause the
shag to have insufficient muscle power to fly much faster than its minimum power
speed. The wing adaptations seen in different species are considered as deviations
from a 'procellariiform standard', which produce separate effects on flapping and
gliding speeds. Procellariiformes and the gannet flap-glide in cruising flight, but
birds that swim with their wings do not, because their gliding speeds are too high in
relation to their flapping speeds. Other species in the sample also do not flap-glide,
but the reason is that their gliding speeds are too low in relation to their flapping
speeds.


INTRODUCTION


This paper records ornithodolite observations of flight speeds in 11 seabird
species, comprising several different adaptive types. They are compared with earlier
observations (Pennycuick, 19826) on a set of procellariiform species, which covered a
wider range of body mass, but were more homogeneous in other ways. The species in
the present set can be seen as deviating from a 'procellariiform standard', in various
ways, which affect their flight performance and style of flight.


Study area


Flight speed measurements were made between 28 June and 9 July 1986 on the
island of Foula, in Shetland. Foula is an isolated island of about 12 km2 projected
area, centred at 60° 08' N, 2 ° 04' W, about 24 km west of the main island of Shetland,
and noted for its concentrations of breeding seabirds. A detailed account of its birds,
and the status of their populations in recent years, has been compiled by Furness


Key words: flight, seabirds, ornithodolite.
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(1983). Most flight observations were made from the southern tip of the island,
where continuous streams of birds could usually be seen flying around the South
Ness, between the main breeding areas on the western cliffs and feeding areas to the
east.


MATERIALS AND METHODS


Body measurements


The body masses of Shetland birds listed in Table 2 are means for breeding adults,
weighed during July over a period of years, and kindly supplied by Dr R. W. Furness
(personal communication). The number in each sample is listed as nm. The gannet
mass is from means of breeding adults weighed at the Bass Rock and Ailsa Craig by
Nelson (1978). The masses for South Georgia birds are means for breeding adults,
published by Croxall & Prince (1980). Wing measurements were taken by the
author, the number in each sample being listed as nw. The measurements of Shetland
birds were collected during a visit to Fair Isle, Shetland, in 1975, except for five great
skuas measured on Foula during the present study. Those of South Georgia birds
were collected on Bird Island, South Georgia in 1979-1980.


Flight speed measurements


Flight speeds were measured by ornithodolite. The instrument and method of
operation were essentially the same as described by Pennycuick (1982a,b, 1983).
The same 'Mariner 1' anemometer set was used as on previous occasions, mounted on
a pole 2-8 m above ground. A 'run' consisted of a series of timed, three-dimensional
positions of the bird in space, and a speed 'observation' was obtained by comparing
each two successive positions. The Nascom 1 computer, originally used to control
the instrument, was replaced by an Epson PX8 battery-powered computer, con-
nected via a home-made parallel interface. After each run, the bird's groundspeed,
track direction, airspeed, heading, height and vertical speed were calculated and
displayed immediately on the PX8's liquid crystal display. Two BASIC programs,
incorporating machine-code routines to control the ornithodolite, were used, one for
aligning and testing the instrument, and the other for acquiring and recording data.
The raw ornithodolite data (not computed speeds etc.) were recorded as a tape file on
the PX8's built-in microcassette recorder. On return to the laboratory, the tape files
were transferred from the PX8 to disc files on a Nascom 2 computer. All subsequent
analysis was done by BASIC programs on the Nascom 2.


RESULTS


The species on which new flight observations are reported are listed in Table 1,
with two-letter identifiers which are used in subsequent tables and graphs. This is to
distinguish them from South Georgia seabird species reported on by Pennycuick
(19826), which are also listed in Table 1, with the three-letter identifiers used in the
earlier publication. Some additional South Georgia species, not covered in the earlier
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paper, are included in Table 1. Table 2 shows morphological data for the same set of
species, classified into three functional groups. Measurements of observed and
calculated speeds, and other quantities derived from these, are listed for the Shetland
species in Table 3.


Reynolds number and parasite drag


The 'mean flapping speed' (Vmf in Table 3) for each species is the mean airspeed
for observations in which the bird was either flapping or flap-gliding. Reynolds
numbers, based on this speed, are listed in Table 3 for the body and the wing. The
body Reynolds number is based on the diameter of a circle whose area is the same as
the maximum cross-sectional area of the body, which is itself estimated from the
mass as indicated by Pennycuick (1975). The wing Reynolds number is based on the
mean chord. Body Reynolds numbers ranged from 61000 (kittiwake) to 127 000
(gannet), and wing Reynolds numbers from 77 100 (razorbill) to 161 000 (great skua,
great black-backed gull, shag).


To estimate the speeds for minimum power and maximum range (Vmp and Vmr) an
estimate is needed for the drag coefficient of the body, in order to calculate its
effective flat-plate area. Prior (1984) reported from wind tunnel measurements that
the drag coefficients of the bodies of ducks, geese and swans declined as Reynolds
number increased through the range observed here, levelling off at about 0-2 (or a


Table 1. Species codes used in subsequent tables and figures


Foula birds (present study)


Fa
Ua
At
Cs
SP
Rt
Lm
La
Fg
Mb
Pa


Puffin
Guillemot
Razorbill
Great skua
Arctic skua
Kittiwake
Great black-backed gull
Herring gull
Fulmar
Gannet
Shag


South Georgia birds (from Pennycuick, 1


WAN
BBA
GHA
STY
MAC
WCP
CAP
PRN
WIL
SDP
CDP
BES


Wandering albatross
Black-browed albatross
Grey-headed albatross
Sooty albatross
Giant petrel
White-chinned petrel
Cape pigeon
Dove prion
Wilson's storm petrel
S. Georgia diving petrel
Common diving petrel
Blue-eyed shag


Fratercula arctica
Uria aalge
Alca torda
Catharacta skua
Stercoranus parasiticus
Rissa tridactyla
Larus marinus
Larus argentatus
Fulmarus glacialis
Moms bassanus
Phalacmcorax aristotelis


982£)


Diomedea exulans
Diomedea melanophris
Diomedea chrysostoma
Phoebetria palpebrata
Macronectes giganteus/M. halli
Procellaria aequinoctialis
Daption capensis
Pachyptila desolata
Oceanites oceanicus
Pelecanoides georgicus
Pelecanoides urinatrix
Phalacmcorax atriceps
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little less) at Reynolds numbers above 200 000. It would appear that the value of 0-43
assumed by Pennycuick (1975) for the parasite drag coefficient of any bird, on the
basis of measurements on the domestic pigeon (Columba livid) and Rueppell's
griffon vulture (Gyps rueppellii), is too high for birds with well-streamlined bodies,
flying at Reynolds numbers of 60000 and above. The speeds for minimum power
(Vmp) and maximum range (Vmr) were estimated by the method of Pennycuick
(1975), using a value of 0-25 for the parasite drag coefficient for all species. Probably
the drag coefficient should be a declining function of Reynolds number, which would
have the effect of slightly decreasing the speed estimates for the birds that fly at lower
Reynolds numbers, and vice versa. However, the effect would be small, and Prior's
results, as presented, would not allow such a function to be estimated with a
sufficient degree of precision to justify this added complication.


Table 2. Morphological data


Species nm


Albatrosses, petrels
WAN
BBA
GHA
STY
MAC
WCP
CAP
PRN
WIL
Fg


Auks and
Fa
Ua
At
SDP
CDP


350


nw


jnd storm
3
3
1
1
4
2
2
5
3
3


diving petrels
150
100
50


Other seabirds
Cs
Sp
Rt
Lm
La
Mb
Pa
BES


40
12
37
5


80
89
43


20
3
3
3
2


6
5
3
1
1
1
4
1


Mass
(kg)


-petrels


8-73
3-79
3-79
2-84
519
1-37
0-433
0168
0-038
0-815


0-398
0-950
0-620
0-114
0-137


1-35
0-390
0-387
1-56
0-940
3-01
1-81
2-23


Wing
span
(m)


3-03
2-16
2-18
2-18
1-99
1-40
0-875
0-626
0-393
1-13


0-549
0-707
0-661
0-381
0-393


1-37
1-05
0-965
1-69
1-31
1-85
1-04
1-13


Wing
area
(m2)


0-611
0-356
0-352
0-338
0-331
0-169
0-0773
0-0460
0-0219
0-124


00369
00544
0-0462
0-0200
0-0221


0-214
0117
0-101
0-317
0181
0-262
0158
0183


Wing
loading
(Nm"2)


140
104
106
82-4


154
79-5
55-0
35-8
17-0
64-5


106
171
132
55-9
60-8


61-9
32-7
37-6
48-3
50-9


113
112
120


Aspect
ratio


150
131
13-5
14-1
12-0
11-6
9-90 (
8-52 (
7-05 (


10-3 (


8-17
9-19
9-46
7-26
6-99


8-77 (
9-42 (
9-22 (
901 (
9-48 (


13-1
6-85 (
6-98 (


CLI


•16
•08
•10
•04
•19
•05


)-98
)-86
)-69
)-97


•25
•46
•39
05


•05


>81
>75
>79
>71
)-81
116
D-91
D-92


T h e species groupings correspond to the lines in Figs 2 and 4.
n m , number in each sample for mass measurements; nw, number in each sample for wing


measurements ; C L I , l'ft coefficient when the gliding speed equals the minimum power speed.
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Table 3. Flight data for the Foula birds


Sp.


Fa
Ua
At
Cs
Sp
Rt
Lm
La
Fg
Mb
Pa


nf


200
178
50
72
20
18
25
16


104
32


103


vmf
(ms-')


17-6
191
160
14-9
13-3
13-1
12-4
11-3
13-0
14-9
15-4


Rex
Body


82-2
120
88-4


105
64-3
61-0
90-0
70-8
77-8


127
117


io-3


Wing


81-4
102
77-2


161
102
94-8


161
107
98-3


146
161


* mp
(ms-')


11-8
13-9
12-5
11-3
8-5
8-9


10-6
10-2
10-5
12-6
14-2


vmr
(ms-1) 1


19-4
22-7
20-5
18-6
14-4
14-9
17-6
16-9
17-4
20-7
23-2


O/vmp
1-49
1-37
1-28
1-32
1-56
1-47
1-17
111
1-24
118
1-08


CL
at


Vraf


0-56
0-76
0-84
0-45
0-30
0-36
0-51
0-65
0-62
0-83
0-77


CL
(mean)


0-63
0-82
0-91
0-54
0-33
0-40
0-64
0-67
0-75
0-94
0-83


(ms">)


17-2
17-9
16-2
15-6
11-2
9-17


11-6
10-2
130
14-2
14-5


Wind
effect


- 1 0 9
-0-72
-0-77
- 1 0 9
-0-59
-0-82
-0-69
-0-25
-0-72
-0-76
-0-68


Sig.


<0-05
NS


<005
NS
NS


<0-05
<0-01


NS
<001
<0-05
<0-01


Sp., species (see Table 1); nf, number of observations; V ^ , mean observed airspeed; Re, Reynolds
number; Vmp, minimum power speed; Vmr, maximum range speed; CL, lift coefficient; V1W, zero-wind
speed; Sig., significance; NS, not significant.


Wind regression


For each observation, the difference between the groundspeed and the airspeed
was used as a measure of 'tailwind component'. If the groundspeed is greater than
the airspeed, then there is a tailwind, and vice versa. The effect of a tailwind on
airspeed was represented by calculating linear regressions for each species, in which
the ordinate is airspeed, and the abscissa is (groundspeed — airspeed). Similar
regressions for petrels and albatrosses (Pennycuick, 19826) were quoted by Rayner
(1985) as an illustration of the respective merits of different methods of calculating
the slope of the line. Rayner concluded that the reduced major axis method, which
makes no distinction between the dependent and independent variables, is more
appropriate in this case than the regression method, which recognizes one variable as
dependent and the other as independent. As Rayner noted, neither variable is under
the control of the observer, and errors in the measured airspeed appear in both
variables. However, it can be argued that the tailwind component is imposed on the
bird, and is therefore the independent variable, whereas the airspeed at which the
bird elects to fly represents its response, making this the dependent variable. As the
point seems to be arguable, the regression calculation is retained here, primarily to
render the results directly comparable with the earlier observations.


As in the petrels and albatrosses observed by Pennycuick (19826), the slopes of
the regression lines were negative for all species, that is, the birds responded to a
tailwind by reducing their airspeed, and increased speed in response to a headwind.
This is the expected response, as explained by Pennycuick (1978). Seven of the 11
correlation coefficients were significant at the 5 % level or beyond. The regression
coefficients are listed in Table 3 as 'wind effect', together with an estimate of
significance. The y-intercept of each regression line is listed as the 'zero-wind speed'
(Vzw), that is, an estimate of the airspeed at which the bird would fly in zero wind.
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Airspeed histograms


Fig. 1 shows histograms of observed airspeeds for all species, in flapping and
flap-gliding flight. The minimum power speed (Vmp), and maximum range speed
(Vmr), calculated from the mass and wing span by the method of Pennycuick (1975),
are listed in Table 3, and also marked on each histogram, together with the
percentages of observations falling below Vmp, and above Vmr. In all species, both
the mean observed airspeed (Vmf) and the zero-wind speed (VIW) fall between the
calculated values for Vmp and Vmr.


26 >26


Airspeed (ms )


Fig. 1. Airspeed histograms for flapping and flap-gliding flight. The species codes on the
left are identified in Table 1. The mean airspeeds are shown as vertical dotted lines. The
speeds for minimum power (Vmp) and maximum range (Vmr) are shown as thin vertical
lines with left- and right-pointing arrowheads, respectively. The numbers on the left and
right are percentages of observations falling below Vmp and above Vmr.
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Of the three species that showed large percentages of observed speeds above the
calculated maximum range speed, the puffin also showed a significant negative
correlation between airspeed and vertical speed. The reason appears to be that many
of the puffins passed the observation site in a shallow dive, on their way from nearby
cliff nesting areas to the sea, and increased their speed accordingly. The other two
species (arctic skua and kittiwake) were represented by small samples, dominated
by birds flying at increased speed against headwinds. Their zero-wind speeds
were much less than their mean speeds (Table 3). Several species showed large
percentages of observations below the calculated minimum power speed. Of these,
the great skua, great black-backed gull and fulmar were reducing speed in some
observations as they made use of slope-lift along the cliff. Gannets were flying well
out from the cliff, but were often seen reducing speed and looking down, presumably
at fish. The shag is the only species whose speed distribution is not easily explained in
terms of behaviour. It showed the highest percentage of observations below Vmp


(32%), and none above Vmr. The shags were flying steadily along over the sea, and
were not slope-soaring, preparing to land or looking out for prey. Their speed
distribution calls for another explanation (see below).


Lift coefficients


Lift coefficients for the gliding phase of flap-gliding flight were calculated for each
observation from the formula


CL = 2m£r/pV2S. (1)


The ratio mg/S is listed in Table 2 as the wing loading, m being the mass, g the
acceleration due to gravity, S the wing area, and V the airspeed. The air density (p)
was calculated separately for each run from the temperature and pressure, which
were recorded on the data tapes. In the case of a bird in flapping flight, equation 1
gives the lift coefficient that would apply if the bird were gliding at the observed
speed. The speed distributions of Fig. 1 are fairly symmetrical, consequently the lift
coefficient distributions are skewed, on account of the inverse square relationship of
equation 1. Because of this, the mean lift coefficient for each set of observations is
generally different from (higher than) the lift coefficient corresponding to the mean
speed (Vmf). Both lift coefficients are listed in Table 3.


DISCUSSION


Flight style


Flap-gliding is the characteristic style of powered, cruising flight in 'normal'
Procellariiformes - that is, albatrosses, petrels and storm-petrels, but excluding
diving petrels (Diomedeidae, Procellariidae and Hydrobatidae but not Pele-
canoididae). Among the species in the present sample, the gannet also regularly flap-
glides in cruising flight, but the others typically flap most or all of the time. A bird
that flap-glides when cruising must be able to flap reasonably efficiently, at a speed
pot too far from that for the best glide ratio in gliding flight. The required flapping







342 C. J. PENNYCUICK


10


Body mass (kg)


Fig. 2. Lower line: lift coefficients corresponding to mean airspeed in flapping and flap-
gliding flight for Procellariiformes other than diving petrels. Upper line: lift coefficient
for gliding at a speed equal to the calculated minimum power speed in the same species.
The species codes are given in Table 1.


speed cannot be too much above or below the best gliding speed, otherwise the
gliding phase of the flap-glide will be unacceptably inefficient.


One might suppose that the normal Procellariiformes, whose body masses range
from about 30 g to 9 kg, would choose a constant value of the lift coefficient for the
gliding phase of flap-gliding flight, but this is not so. These lift coefficients were
determined by Pennycuick (19826) for seven procellariiform species, and ranged
from 0*28 for Wilson's storm petrel to 1-08 for the giant petrel. These results are
plotted (together with the new value for the fulmar) as the lower line in Fig. 2. It
shows that the lift coefficient varies with the 0-24 power of the body mass. The slopes
of all the lines of Figs 2 and 4 were calculated by the reduced major axis method, as
recommended by Rayner (1985).


Relationship of flapping to gliding speeds


Another way to represent the problem is to ask: at what value of the lift coefficient
would the gliding speed be equal to the minimum power speed? This question can be
answered from body measurements alone. The resulting value of the lift coefficient is
listed as 'C^i', along with the morphological data in Table 2. It is determined as
follows. The minimum power speed, on the assumptions of Pennycuick (1975), is
given by


Vmp = (2)


where k is the induced power factor, m is the body mass, gis the acceleration due to
gravity, p is the air density, A is the equivalent flat-plate area of the body (equal to
the actual cross-sectional area times the body drag coefficient), and Sj is the disc
area. Sj can be expressed in terms of the wing span, and A can be replaced by a
function of the body mass, after Pennycuick (1975). If this is done, and numerical,







Flight of seabirds 343


values of 1 -2 for k and 0-25 for the body drag coefficient are assumed, equation 2 can
be expressed as:


Vmp = 4-19m 1 VV 1 / 2 b- 1 / 2 , (3)


where b is the wing span. The gliding speed (Vg) is simply


V g = V(2m*/pCLS). (4)


If we now set the gliding speed equal to Vmp, and solve for the lift coefficient, the
result can be expressed as


CL1 = 0-114m1/3A/b, (5)


where A is the aspect ratio, defined as


A = b2/S. (6)


CLI being dimensionless, the numerical constant in equation 5 has the dimensions of
(mass""1'3 X length). These curious dimensions result from the substitution of a
function of the mass, in place of the cross-sectional area of the body. If the latter were
used explicitly, equation 5 would take a more overtly dimensionless form. The upper
line in Fig. 2 represents CLI plotted against body mass for normal Procellariiformes.
Like the observed lift coefficient, CLI also increases with mass, but only as the 0-077
power of the mass. The line converges with the one for observed flap-gliding lift
coefficients at a body mass of 10-9 kg, and a lift coefficient of 1 -21. This means that if
an 11-kg albatross were to fly at Vmp during the flapping phase (which is too slow for
efficient flapping flight), it would have to glide at a lift coefficient of 1-2 (which is too
high for efficient gliding). It may be noted that the largest species, the wandering
albatross, deviates below the line, that is it flies somewhat faster than the relationship
predicts, and thus at a lower lift coefficient. It would appear that the largest species
do not have sufficient muscle power to fly much faster than Vmp, and thus have no
choice but to fly at a speed too low to be efficient. Not surprisingly, they avoid
powered flight whenever possible, and rely heavily on soaring. At the other extreme,
CLI f°r the Wilson's storm petrel is lower than that for the large albatrosses, but far
above the lift coefficient at which it actually flies. It was noted by Pennycuick (19826)
that only this smallest species actually flies at a speed near its calculated maximum
range speed.


Species adapted to wing-propelled swimming


The three auks (Alcidae) are the only species in the present sample that use their
wings in a flapping motion for propulsion under water. An incipient form of this
adaptation can be seen in underwater films of plunge diving boobies (Sulidae), which
steer with the partially opened wings. However, these birds do not show the penguin-
like motion seen in the auks, and their forward motion seems to be derived from
the momentum of the dive, or from buoyancy when returning to the surface, rather
than from flapping the wings. In the Southern Hemisphere, the diving petrels
(Pelecanoididae) swim in a similar way to the auks, and are generally considered to be
convergent on them. Since water is some 800 times denser than air at sea level, it is
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remarkable that auks and diving petrels can use the same wing, and even a similar
motion, for propulsion in both media. The flapping frequency is, of course, much
lower in water, and the wings are held with the wrist and elbow joints sharply flexed.


Pennycuick (1986) has represented this and other adaptations by considering them
as deviations from a theoretical 'standard seabird'. The latter is defined by a mass,
wing area and wing span that fall in the centre of the allometric series of the normal
Procellariiformes. The 'standard seabird' is like a medium-sized petrel, close to the
fulmar. Variations in size from the standard generate the procellariiform series of
flap-gliding seabirds. The wings of boobies are indistinguishable from the standard
on this basis, but adaptation for wing swimming leads to a deviation from the
procellariiform lines, in the manner shown in Fig. 3. As compared to normal
Procellariiformes (or boobies) of the same mass, auks and diving petrels show
reduced wing span and wing area, with little change in the aspect ratio. This process
is carried to extremes in penguins and other flightless wing swimmers, in which the
wing is presumably optimized for swimming. Birds that swim in this manner, but
also retain the power of flight, have to settle for an intermediate degree of reduction.


It is obvious that reduction of both wing span and area in the manner of Fig. 3 will
lead to an increase of both gliding and flapping speeds. Less self-evidently, it was
noted by Pennycuick (1986) that the gliding speed is more strongly affected than the
flapping speed. If the 'standard' bird (upper outline in Fig. 3) normally proceeds by
flap-gliding, then the bird with the reduced wing will not be able to do so. Its
flapping speed will be faster than that of the normal bird, but its gliding speed will be
faster still, so that it is no longer possible both to flap and glide at the same speed.
Therefore auks and diving petrels do not flap-glide, but proceed by continuous


'Standard' seabird wing


Fig. 3. The alcid wing may be considered as derived from a petrel-like 'standard seabird'
by reducing the span and area, with little change to the aspect ratio, or to the size and
mass of the body.
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Fig. 4. Lift coefficient for gliding at a speed equal to the calculated minimum power
speed. Upper line: alcids and pelecanoidids. Lower line: larids, stercorariids, phalacro-
coracids. Middle (dotted) line: Procellariiformes other than diving petrels, transferred
from the upper line of Fig. 2. Data are from Table 2; the species codes are given in
Table 1.


flapping. This does not mean that these birds are unable to glide. The three species
of auks in the present sample do glide when slope-soaring along cliffs in strong winds.
Presumably they do so at airspeeds above their normal flapping speeds. Regrettably,
this conjecture could not be tested directly, as no suitable observing site was found on
the cliffs, from which ornithodolite observations of gliding auks could be obtained.
The difficulty was to find a site at which meaningful readings could be obtained from
the anemometer. Suitable sites most probably do exist on other islands with less
precipitous cliffs.


The effect can be seen indirectly by considering CLi, the lift coefficient for gliding
at the minimum power speed. This is much higher in auks than in normal
Procellariiformes of similar mass (Table 2; Fig. 4). The top line in Fig. 4 represents
CLi for the three auks and two diving petrels in Table 2, for comparison with the
dotted line, which is the procellariiform line transferred from Fig. 2. With a value of
1-46 for CL1, the guillemot would be almost stalled if it attempted to glide at its
minimum power speed. The mean flapping speed for guillemots was 1-37 times the
estimated Vmp (Table 3), but this is evidently still too slow for flap-gliding to be
practicable. Values of CL1 for the diving petrels, with body masses below 150 g, are
near those for albatrosses. The latter flap-glide, whereas the diving petrels do not.
Probably there are two reasons for this. First, the albatrosses are obliged by lack of
muscle power to fly not much faster than their minimum power speeds, whereas the
diving petrels, like the auks in the present survey, probably fly considerably faster
than this. Second, the albatrosses can probably glide efficiently at higher lift
coefficients than diving petrels, because of the higher Reynolds numbers at which
they fly.


Other adaptations


The seven remaining species in the Shetland sample comprise three gulls
(Laridae), two skuas (Stercorariidae), the shag (Phalacrocoracidae) and the gannet
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(Sulidae). Their values for CLI are plotted on Fig. 4, together with that for the
blue-eyed shag. The lower line is fitted through this group of points, excluding that
for the gannet. The points for this more heterogeneous group of species show
considerably more scatter about their line than do the normal Procellariiformes or
the wing-swimming species. The point for the gannet falls very near the normal
procellariiform line. As noted by Pennycuick (1986), gannets and boobies are
indistinguishable from normal procellariiform birds on the basis of their wing span or
area, and, like Procellariiformes, they flap-glide in cruising flight. Gulls, skuas and
cormorants mostly flap continuously in cruising flight, but not for the same reason as
the wing-swimming birds. Their CLI values fall below the normal procellariiform
line (lower line in Fig. 4), which means that their gliding speeds are lower than their
flapping speeds, rather than higher as in the wing-swimmers. When gulls, skuas and
cormorants glide, they do so at speeds slower than their cruising speeds in flapping
flight, rather than faster.


Landing manoeuvres


Birds with a low CLI change from flapping to gliding as they slow down, whereas
those with a high CLI, if they happen to be gliding, have to change to flapping before
they can reduce speed. A gull or cormorant preparing to alight on the water, first
stops flapping and glides, as it decelerates prior to touching down, whereas an auk
continues flapping as it flies on to the surface. An auk preparing for a cliff landing will
often approach the cliff in a shallow, fast, gliding dive. It pulls up to approach the
landing ledge in a steep, decelerating climb, and as it slows down, it changes from
gliding to flapping, invariably flapping vigorously just before touching down.


Anomalous speeds in the shag


As noted above, the mean flapping speed observed for the shag was only 1 -08 times
the calculated minimum power speed, and 32 % of the observations were below Vmp.
The observations were not distributed upwards towards the calculated maximum
range speed, as in other species, and there were no observations over Vmr. The high
estimates for Vmp and Vmr (14-2 and 23-2ms~1, respectively) reflect the fact that the
shag's wing span (l-04m) is very short in relation to its mass (1-81 kg). To reduce the
estimate for Vmp to, say, 12 ms"1 (which would remove the anomaly) one could
argue that the induced power is much lower than assumed. On present assumptions,
the wing would have to behave as though its span were about 1-35 m, which seems
improbable. Alternatively, the parasite drag, or perhaps the wing profile drag, would
have to be very much greater than assumed. This does not seem likely either, as such
an assumption, applied to the auks, would produce an anomaly in the other direction.


The best interpretation seems to be that shags, unlike the other species, really do
undertake foraging flights at speeds only a little above their minimum power speed.
The observation may reflect a simple scale effect, which has been discussed else-
where (Pennycuick, 1975). As flying animals increase in size, the power required to
fly increases more steeply than the power available from the muscles. There is some
value of body mass at which a bird of a particular morphological type has only just
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enough power to maintain its maximum range speed in level flight. As the bird is
scaled up further, its muscle power becomes insufficient to reach Vmr, and the speeds
available to it become restricted to a progressively narrower range about Vmp. The
dimensional argument predicts the trend, but does not supply a numerical estimate
for any particular combination of mass and wing span at which flight at the maximum
range speed should no longer be possible. The present observations suggest that the
shag is beyond this point. If this interpretation is correct it can be used as a
calibration, to insert numerical values into the dimensional theory.


My thanks are due to the people of Foula for their well-informed guidance to the
bird life of their island, and most especially to John and Isobel Holbourn for their
hospitality, and help with practical problems. I am especially indebted to Dr R. W.
Furness for his help with arrangements for the trip, and for supplying information
which has been used in this paper.
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1. Summary of positions 


 Introduction 


 This note summarises the difference between the Applicant’s position and the alternative analysis 


set out in Annex C to this report which presents updated risk assessments using the most 


precautionary assumptions proposed by Natural England in their submissions at Deadline 1, 2 and 


3. 


 It is intended that the note will assist the Examining Authority to understand the different 


assumptions made by the Applicant and Natural England and the implications that these 


differences have for the predicted collision rates for key species.   


 This note is set out in two parts. First the collision rates for key species are presented for Hornsea 


Three alone and for other plans and projects to be considered in-combination. The second part 


provides information on the refinements proposed. In addition, Annex C provides displacement 


analysis and collision risk modelling that addresses Q2.2.9 of the Examining Authority’s second 


questions. 


 Part 1: summary of collision rates for Hornsea Three alone and in-combination 


 Overview 


 For gannet (Table 1.1) and kittiwake (Table 1.2) the information is summarised in the following 


way: 


• The Applicant’s position as presented in the application (RIAA – APP-051). 


• The alternative analysis undertaken in Annex C which takes account of the assumptions 


proposed by Natural England in their submissions at Deadline 1, 2 and 3. 


• Refinements of the alternative analysis that are considered reasonable in light of available 


evidence but which Natural England do not currently support. These comprise: 


− Application of the up-to-date evidence on flight speeds as presented in Skov et al. 


(2018) (see note A). 


− Application of Nocturnal Activity Factors proposed by Furness et al. (2018) and 


Furness et al. (unpub) (see note B). 


− The apportioning values proposed by the Applicant as presented in RIAA Annex 3: 


Phenology, connectivity and apportioning for features of FFC pSPA (APP-054) (see 


note C). 


− The seasonal definitions proposed by the Applicant based on the likely presence of 


breeding adult birds at Hornsea Three (see note D). 


 


 Further background information and the rationale for applying each of these refinements is 


provided in the notes following the table. 
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 In the tables these refinements are applied progressively and cumulatively to the values presented 


(reading left to right). Once all refinements are applied the resulting collision rate is similar to that 


proposed by the Applicant. 


 All rates presented for these species relate to the qualifying FFC SPA breeding populations. 


 For all species, two sets of baseline data have been used for the calculations for the months 


December – March: 


• The mean estimate density scenario obtained from the single year of Digital Aerial Surveys 


• The mean estimate + UCL density scenario as used in Annex C. 


 Collision rates have been calculated for all model options and their relevant associated avoidance 


rates (or a range where there is uncertainty). It should be noted that JNCC have just revised their 


advice on avoidance rates in light of the ORJIP study (Bowgen and Cook (2018), report included in 


Appendix 14) and the rates recommended in this report have also been presented. 


 To facilitate an understanding of the in-combination collision risk, the predicted collision rates for 


other relevant plans and projects are also provided in a separate table for both species. 


 In these tables the predicted rates are provided based on the use of both the basic and extended 


versions of the model. It is also possible to refine these predictions, including with respect to: 


− Adjustment to the predicted collision rates to account for differences in the design 


parameters of projects compared to the design that was assessed for the purposes 


of consent (see note E). 


− Nocturnal activity factors (see note B). 


− Flight speeds (see note A). 
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 Gannet 


Table 1.1: Summary of predicted collision risk estimates for the gannet population of the FFC SPA from Hornsea Three alone 


Baseline data 
assumption 


Band model 
Option 


Avoidance rate 


(%) 


Predicted annual collision mortality rate apportioned to FFC SPA 


Applicant’s 
position as at 


APP-051 


Alternative 
analysis 


(Annex C) 


Proposed refinement of alternative analysis 


(applied cumulatively left to right) 


A. 


Flight 
speed 


B. 


Nocturnal 
activity factor 


C. 


Apportioning 


D. 


Seasonality 


Mean estimate 


1 
98.9 4 1-9 1-9 1-8 4 4 


99.5 - 1-4 1-4 1-3 2 2 


2 
98.9 8 13-20 3-19 3-17 10 8 


99.5 - 1-9 1-9 1-8 2 4 


3 98 3 1-8 1-8 1-7 4 4 


Mean estimate + 
UCL 


1 
98.9 4 2-10 1-9 2-8 5 4 


99.5 - 1-4 1-4 1-4 4 2 


2 
98.9 8 3-22 3-20 3-18 10 8 


99.5 - 2-10 1-9 2-8 5 4 


3 98 3 1-9 1-9 1-8 5 4 
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Table 1.2: Summary of predicted collision risk estimates for the gannet population of the FFC SPA from other plans and projects 


Model version Project 


Predicted annual collision mortality rate 


Applicant’s position as 
presented in REP1-005 


Options for further refinement 


E. 


Updated project 
designs – Neart na 


Gaoithe 


E. 


Updated project 
designs – other 


projects 


B. 


Nocturnal activity 
factors 


A. 


Flight speeds 


Basic 
Tier 1 124 111 95 79 124 


Tier 1+2 160 157 131 112 106 


Extended 
Tier 1 116 111 78 67 60 


Tier 1+2 195 191 158 139 125 
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 Kittiwake 


Table 1.3: Summary of collision risk estimates for the kittiwake population of the FFC SPA 


Baseline data 
assumption 


Band model 
Option 


Avoidance rate 


(%) 


Predicted annual collision mortality rate apportioned to FFC SPA 


Applicant’s 
position as at 


APP-051 


Alternative 
analysis 


(REF##) 


Proposed refinement of alternative analysis 


(applied cumulatively left to right) 


A. 


Flight 
speed 


B. 


Nocturnal 
activity factor 


C. 


Apportioning 


D. 


Seasonality 


Mean estimate 


1 


98.9 11 4-35 3-26 3-22 10 8 


99.0 - 4-32     


99.2 8 3-26 2-19 2-16 7 6 


2 


98.9 58 21-185 16-136 15-116 52 42 


99.0 - 19-168     


99.2 42 16-134 12-99 11-84 38 30 


3 98 20 7-64 6-55 6-47 21 17 


Mean estimate + 
UCL 


1 


98.9 11 5-40 3-29 3-25 11 8 


99.0 - 4-36     


99.2 8 3-29 3-21 2-18 8 6 


2 
98.9 58 25-211 18-154 17-130 59 44 


99.0 - 23-191     
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Baseline data 
assumption 


Band model 
Option 


Avoidance rate 


(%) 


Predicted annual collision mortality rate apportioned to FFC SPA 


99.2 42 18-153 14-112 13-95 43 32 


3 98 20 9-73 7-62 7-53 24 18 
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Table 1.4: Summary of predicted collision risk estimates for the kittiwake population of the FFC SPA from other plans and projects 


Model version Project 


Predicted annual collision mortality rate 


Applicant’s position as 
presented in REP1-005 


Options for further refinement 


E. 


Updated project 
designs – Neart na 


Gaoithe 


E. 


Updated project 
designs – other 


projects 


B. 


Nocturnal activity 
factors 


A. 


Flight speeds 


Basic 
Tier 1 87 86 55 50 43 


Tier 1+2 250 249 218 200 170 


Extended 
Tier 1 38 37 22 20 14 


Tier 1+2 107 106 91 83 58 
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 Part 2: Notes on refinements 


 A. Flight speed 


 As set out in Appendix 10 to the Applicant’s submission at Deadline 1 (REP1-188), Skov et al. 


(2018) presents flight speed data for the species considered for collision risk modelling at Hornsea 


Three. Skov et al. (2018) provides flight speed data collected at an operational wind farm in UK 


waters with large associated sample sizes. Table 1.5 provides a comparison between the flight 


speeds from Alerstam et al. (2007)/Pennycuick (1987) and those recorded by Skov et al. (2018). 


Table 1.5: Species-specific mean flight speeds (m/s) often used in CRM, and those measured from single 
rangefinder segments recorded at Thanet 


Species 
Flight speed commonly used 


(m/s) (no. of tracks) 
Flight speed estimated by the 


study (m/s) (SD) 


Gannet 14.9a (n=32) 13.33 (4.24) [n=683] 


Kittiwake 13.1b (n=2) 8.71 (3.16) [n= 287] 


a Pennycuick (1987) 


b Alerstam et al. (2007) 


 


 The sample sizes associated with the flight speed data from Skov et al. (2018) are significantly 


higher than those from Alerstam et al. (2007)/Pennycuick (1987). The flight speeds presented in 


these studies are based on very small sample sizes ranging from 32 individuals (gannet) down to 


as few as 2 (kittiwake). In addition, the following issues exist in relation to the flight speeds from 


these paper that indicate that these data are not representative of the behaviour of birds at 


Hornsea Three: 


• The flight speed data for kittiwake was restricted to radar recordings from migration flight 


which are expected to be birds flying at an airspeed close to that associated with maximum 


lift-drag ratio (Alerstam et al., 2007);  


• The flight speed for gannet calculated in Pennycuick (1987) is based on a small sample size 


with these data having been collected from birds flying at a breeding colony (Foula, 


Shetland). It is therefore possible that the flight speeds recorded are not representative of the 


flight speeds of birds that may occur at Hornsea Three due to the proximity of birds to the 


breeding colony; and  


• The birds observed by Alerstam et al. (2007) were located either in southern Sweden or 


within the Arctic circle and no determination is given between migratory or foraging birds from 


colonies. Indeed, the large range of species included in Alerstam et al. (2007) suggests that 


non-breeding and/or migratory flights comprised a significant component of the data set.   


 The percentage reductions for each species for both unapportioned and apportioned (gannet and 


kittiwake only) for collision risk estimates calculated using Options 1 and 2 are: 
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• Gannet = 7.4%; 


• Kittiwake = 26.7%; 


 It should be noted that Scottish Natural Heritage (SNH) have now accepted the use of the flight 


speed data presented in Skov et al. (2018) for collision risk modelling1.  


 Application to other projects 


 The Applicant considers that the flight speed data presented in Skov et al. (2018) certainly 


represents the best available evidence on flight speed available for use in collision risk modelling. 


Projects considered in-combination will have used the flight speed data from either Pennycuick 


(1987) or Alerstam et al. (2007) and will therefore have calculated collision risk estimates that are 


over-estimates. It is therefore considered appropriate to consider this within the cumulative and in-


combination assessments presented for Hornsea Three to account for the increased knowledge in 


bird flight behaviour. 


 The relationship between bird flight speed and resultant collision risk estimates varies depending 


on the turbine being used. Collision risk estimates for Hornsea Three reduced by 7.4-26.7% when 


the flight speed data from Skov et al. (2018) when gannet or kittiwake were considered. However, 


collision risk modelling conducted for Hornsea Three was based on a turbine with a relatively large 


capacity (8 MW). The effect changes to flight speed may have on smaller turbines (e.g. 3.6 MW), 


as have been constructed at many projects incorporated into the cumulative and in-combination 


assessments for Hornsea Three may potentially be lower. The Applicant has therefore modelled a 


range of turbine scenarios and has identified the differences presented in Table 1.6 for each 


species. Using this range a suitable correction factor has also been identified to apply to all 


projects for which the application of updated flight speed data is required. 


Table 1.6: Percentage reductions in collision risk estimates when applying the flight speed data from Skov et 
al. (2018) 


Turbine 
scenario 


(MW) 


Gannet Kittiwake 


Basic Extended Basic Extended 


3.6 5 11 16 34 


5 6 11 25 34 


6 7 12 21 34 


7 6 11 25 34 


 


                                                      
 


1 See SNH consultation responses to Moray West Application 
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 B. Nocturnal activity factors 


 As discussed in Appendix 10 to the Applicant’s submission at Deadline 1 (REP1-188), the 


quantification of nocturnal activity factors by Band (2012) represents an over-estimate of the 


amount of nocturnal activity exhibited by seabird species. The Applicant has used information 


presented in Furness et al. (2018) and information associated with Furness (unpub) provided in 


MacArthur Green (2018) to reduce the over-estimation and uncertainty inherent in collision risk 


estimates as a result of the use of the nocturnal activity factors as quantified by Band (2012). The 


following species-specific sections therefore update collision risk estimates utilising the nocturnal 


activity rates provided in Furness et al. (2018) and MacArthur Green (2018).  


 Gannet 


 In general the reduction in annual collision risk estimates is approximately 17-18% when using 


Options 1 and 2 with a reduction of 11-12% for collision risk estimates apportioned to FFC SPA 


when using the approach to deriving nocturnal activity factors advocated by Band (2012). 


 Kittiwake 


 In general the reduction in annual collision risk estimates is 19-21% for Options 1 and 2 with a 


reduction of 15-16% for collision risk estimates apportioned to FFC SPA when using the approach 


to deriving nocturnal activity factors advocated by Band (2012). 


 Application to other projects 


 Collision risk modelling conducted for projects considered in-combination are considered to have 


most certainly used the nocturnal activity factors from Garthe and Hüppop (2004) and therefore it 


is necessary to correct the collision risk estimates to account for this over-estimation. 


An analysis was conducted in Volume 5, Annex 5.3: Collision Risk Modelling (APP-109) that 
calculated correction factors for four geographic areas into which each of the projects considered 


in-combination have been assigned ( 


 


 


 


 Table 1.7). This analysis was considered qualitatively in the assessments presented in Volume 2, 


Chapter 5: Offshore Ornithology (APP-065) and the RIAA (APP-051). For the purposes of the 


analysis presented here the minimum correction factor, representing the minimum monthly change 


that can be applied across all months, has been used. This is almost certainly precautionary 


however, it is difficult to provide a more precise correction factor without increasing the potential for 


this correction factor to potentially under-estimate the in-combination collision risk total. The 


application of the ‘minimum’ correction factor is considered to be precautionary as this represents 


the minimum change that would occur across all months. 
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Table 1.7: Reductions to apply to collision risk estimates for projects in each geographic region 


Geographic region Projects within region % reduction in collision risk 
estimates 


East Anglia and English Channel East Anglia One 


East Anglia Three 


Galloper 


Greater Gabbard 


Kentish Flats Extension 


London Array 


Thanet 


Gannet = 10.1% 


Kittiwake = 9.2% 


Southern North Sea Dogger Bank Creyke Beck A & B 


Dogger Bank Teesside A & B 


Dudgeon 


Hornsea Project One 


Hornsea Project Two 


Humber Gateway 


Lincs 


Race Bank 


Sheringham Shoal 


Teesside 


Triton Knoll 


Westermost Rough 


Gannet = 9.3% 


Kittiwake = 8.5% 


Firth of Forth Aberdeen (EOWDC) 


Inch Cape 


Kincardine 


Methil 


Neart na Gaoithe 


Seagreen Alpha 


Seagreen Bravo 


Gannet = 8.4% 


Kittiwake = 7.8% 
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Geographic region Projects within region % reduction in collision risk 
estimates 


Moray Firth Beatrice 


Hywind 


Moray East 


Gannet = 7.6% 


Kittiwake = 7.1% 


 


 C. Apportioning 


 The apportioning values applied in the breeding season by the Applicant for relevant species are 


supported by a substantial body of scientific evidence with this presented and discussed in RIAA 


Annex 3: Phenology, Connectivity and Apportioning (APP-054), specifically for gannet and 


kittiwake respectively by the results of Langston et al. (2013) and Cleasby et al. (2018), which 


show limited usage of Hornsea Three by either of these species (see also the Applicant’s response 


to Q2.2.25 of the Examining Authority’s second questions). Table 1.8 identifies the apportioning 


values used for each species. A brief summary of the evidence supporting apportioning values 


applied by the Applicant in the breeding season is presented in the following species-specific 


sections. 


Table 1.8: Breeding adult apportioning values for relevant features of FFC SPA. 


Season Gannet Kittiwake 


Breeding 40.4 41.7 


Post-breeding 4.8 5.4 


Pre-breeding 6.2 7.2 


 


 Gannet 


 The apportioning approach used in the breeding season for gannet utilised age class data 


collected as part of boat-based surveys that covered Hornsea Three. These were considered to 


provide a more accurate representation of the age structure of gannet at Hornsea Three for the 


following reasons: 
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• Inability to age birds sitting on the water during aerial surveys with such birds representing a 


large proportion of the birds present and Hornsea Three; 


• Larger sample size associated with age class data from boat-based surveys; 


• Larger spatial scale associated with data from boat-based surveys allowing for comparisons 


between different areas; 


• Surveyors are able to observe birds for longer during boat-based surveys enabling different 


features (plumage, behaviour) to be observed; and 


• Kernel Density Estimation of gannet (Langston et al., 2013) from FFC SPA indicates that 


Hornsea Three is not a well utilised area with up to 5% of foraging trips from the colony 


occurring at Hornsea Three in some years. 


 The Applicant would also re-iterate that the apportioning approach applied for gannet in the 


breeding season was previously accepted by Natural England during the examination of Hornsea 


Project Two (Natural England, 2015a). Natural England are yet to provide any new information that 


would lead to this approach being considered invalid. 


 Kittiwake 


 The apportioning approach used in the breeding season for kittiwake utilised age class data 


collected as part of boat-based surveys that covered Hornsea Three. These were considered to 


provide a more accurate representation of the age structure of gannet at Hornsea Three for the 


following reasons: 


• Inability to age birds sitting on the water during aerial surveys with such birds representing a 


large proportion of the birds present and Hornsea Three; 


• Larger sample size associated with age class data from boat-based surveys; 


• Larger spatial scale associated with data from boat-based surveys allowing for comparisons 


between different areas; 


• Surveyors are able to observe birds for longer during boat-based surveys enabling different 


features (plumage, behaviour) to be observed; and 


 In addition the apportioning value calculated for the breeding season is considered to be 


precautionary for the following reasons: 


• The apportioning value does not account for adults in the population not breeding in a given 


year (i.e. sabbaticals) – this could account for a further reduction of c5-10% (Coulson, 2011; 


Marine Scotland Licensing Operations Team, 2017); 


• A smaller proportion of one year old birds are likely to be present in natal waters with a much 


greater proportion of older age classes of immature birds showing affinity with natal waters. 


Such an assumption is precautionary as the population of older immature birds returning to 


natal waters is likely to be much larger than predicted by the apportioning approach applied 


by the Applicant; 


• FAME data indicates that the majority of foraging flights are close to the colony and data 


given by BirdLife (see Section 1.3.3) suggests that only up to 5% of birds are likely to travel 


as far as Hornsea Three; 
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• Immature birds are not likely to be evenly distributed within the North Sea and will show 


aggregations near to foraging resources. If the area within which Hornsea Three lies is seen 


to be notable for kittiwake foraging; immatures may be present in large numbers; 


• Foraging hotspots presented in Cleasby et al. (2018) indicate no connectivity between 


foraging birds from FFC SPA and Hornsea Three; 


• Cumulative foraging range data (Figure 1.14) indicates that very few foraging trips (if any) 


would occur at a distance beyond 120 km (the maximum foraging distance reported by 


Thaxter et al. (2012) (Hornsea Three is 149 km from FFC pSPA), with this consistent with the 


results presented in Cleasby et al. (2018); 


• When breeding productivity is high, foraging ranges are short (Hamer et al., 1993; Lewis et 


al., 2006; Riou et al., 2011; Thaxter et al., 2012). Breeding productivity at FFC pSPA is 


comparatively high suggesting that foraging ranges will be short; 


• At sea utilisation maps presented in Wakefield et al. (2017) derived utilising the tracking data 


used to inform the basis for connectivity between FFC pSPA and Hornsea Three suggest that 


the area in which Hornsea Three is located is beyond the 95% utilisation contour; and 


• Site-specific flight direction data does not indicate movements of birds to and from the colony 


at FFC pSPA into Hornsea Three. 


 The Applicant would also re-iterate that the apportioning approach applied for kittiwake in the 


breeding season was previously accepted by Natural England during the examination of Hornsea 


Project Two (Natural England 2015b).  


 D. Seasonality 


 The seasonal definitions defined by the Applicant have been defined in order to reflect the 


population structure of birds at Hornsea Three, not at the FFC SPA breeding colony located 150 


km from Hornsea Three. It should be noted that the Applicant does not disagree that breeding 


birds will be present at FFC SPA for a longer period than defined as part of the Applicant’s 


seasonal definitions however, to use the breeding seasons as defined by Natural England (for 


example) would not provide an approach to assessment that is biologically representative of the 


occurrence of birds at Hornsea Three. The breeding seasons defined by the Applicant therefore 


represent the periods during which time it can be assumed that adult breeding birds present at 


Hornsea Three originate, solely, from FFC pSPA. The population present at Hornsea Three in 


those months not included in the Applicant’s breeding seasons but included in Natural England’s 


breeding seasons is very different to that that would occur in the ‘core breeding season’ as a high 


proportion of immature birds, non-breeding birds, failed breeders and migratory birds will be 


present. Therefore it is considered that a different apportioning methodology should be applied in 


those months. This is supported by a large body of published evidence (see RIAA Annex: 


Phenology, connectivity and apportioning for features of FFC pSPA (APP-054), and specifically for 


FFC SPA for gannet and kittiwake, respectively by the results of Langston et al. (2013) and 


Cleasby et al. (2018), which show limited usage of Hornsea Three by either of these species (see 


also the Applicant’s response to Q2.2.25 of the Examining Authority’s second questions). 


 The difference in the seasonal extents defined by the Applicant and Natural England (as stated in 


REP1-211) is provided in Table 1.9. 
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Table 1.9: Seasonal extents for gannet and kittiwake as defined by the Applicant and Natural England 


Species 
Seasonal 
approach 


Breeding Post-breeding Pre-breeding 


Gannet 


Applicant 
April to 
August 


September to 
November 


December to March 


Natural 
England 


March to 
September 


October to 
November 


December to March 


Kittiwake 


Applicant April to July 
August to 
December 


January to March 


Natural 
England 


March to 
August 


September to 
December 


January to February 


 


 


 E. Updated project designs 


 Neart na Gaoithe 


 The collision risk estimates used for Neart na Gaoithe as part of the cumulative / in-combination 


assessments for Hornsea Three represented the turbine scenario used as part of the application 


submission for Neart na Gaoithe (127 x 3.6 MW). However, the subsequent consent decision was 


based on a 75 x 6 MW turbine scenario, with collision risk modelling for this scenario not presented 


as part of the application. 


 In July 2015, Neart na Gaoithe submitted a Section 36 consent variation. The documentation 


associated with this consent variation contains collision risk estimates for a 75 x 6 MW turbine 


scenario. The collision risk estimates used for Neart na Gaoithe in the cumulative/in-combination 


assessments for Hornsea Three have therefore been updated to use the collision risk estimates 


presented for Neart na Gaoithe in the Section 36 consent variation. 


 Other projects 


 The use of collision risk estimates calculated based on the assumptions applied by projects at the 


point of application or, at the latest, point of decision, that are subsequently used as part of 


cumulative or in-combination assessments for Hornsea Three has the potential to significantly 


over-estimate the total collision impact in terms of both EIA and RIAA assessments. This was 


considered as part Volume 2, Chapter 5: Offshore Ornithology (Document 6.2.5) and the RIAA 


(Document 5.2) using previously calculated correction factors in MacArthur Green (2017). 


Subsequent to this the Applicant provided a clarification note (REP1-148) which considered 


changes to project designs for all projects considered cumulatively-in-combination.  
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 Appendix 4 to the Applicant’s submission at Deadline 1 (REP1-148) identified differences between 


the assessed/consented and as-built turbine scenario for those projects listed in Annex A. 


Consideration was given to the potential for further development at each of these projects and, if it 


was concluded that further development was not possible, it was proposed that collision risk 


estimates for relevant projects were updated. Consideration of the use of collision risk estimates 


representing the as-built scenario for projects considered in the in-combination assessments for 


presented for Hornsea Three, is provided in Annex B, taking into account the potential for future 


development. 


 This source of over-estimation has previously been highlighted by the Examining Authority for the 


Hornsea Project Two offshore wind farm (see paragraph 6.4.78 of the Hornsea Project Two 


Examining Authority’s recommendation report (Appendix 66 to the Applicant’s submission at 


Deadline 4)). 
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 Annex A – As-built scenarios 


Table 1.10: Summary of approaches applied for projects considered cumulatively/in-combination with Hornsea Three and the worst case scenario for each project. 


Project 
Summary of refinements to collision 


risk estimates in this report 


Is future development 
possible (Approach 2 and 


3)? 


Do updated collision risk estimates represent the worst case 
scenario? 


Aberdeen 
(European Offshore 
Wind Development 
Centre) 


Approach 3 - Correction factor derived 
using as-built turbine scenario  


No Yes. Project is operational. No further development is possible. 


Beatrice 


Approach 1 - Updated collision risk 
estimates for the as-built scenario 
available  


As built turbine scenario uses fewer 
turbines 


Yes 


No. Collision risk estimates from (Marine Scotland, 2017) represent the 
as-built scenario and therefore provide an accurate representation of the 
likely collision risk associated with the project however, further 
development is possible and therefore these may represent an 
underestimate if further development occurs 


Blyth Offshore- 
Demonstration 
Extension 


Approach 4 - No updated information 
available 


- N/A  


Dogger Bank 
Creyke Beck A & B 


Approach 1 - Non-material amendment 
under consideration, consented 
scenario could still be constructed 


- 
No. Current collision risk estimates are considered to reflect the worst 
case scenario at the project. The developer is however, considering 
different turbine scenarios that would reduce collision risk 


Dogger Bank 
Teesside A and 
Sofia 


Approach 1 - Non-material amendment 
under consideration, consented 
scenario could still be constructed 


- 
No. Current collision risk estimates are considered to reflect the worst 
case scenario at the project. The developer is however, considering 
different turbine scenarios that would reduce collision risk 
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Project 
Summary of refinements to collision 


risk estimates in this report 


Is future development 
possible (Approach 2 and 


3)? 


Do updated collision risk estimates represent the worst case 
scenario? 


Dudgeon 


Approach 2 - Correction factor from 
MacArthur Green (2017) applied  


As built turbine scenario uses fewer, 
higher capacity turbines 


Yes, however future 
development considered 
unlikely as operational 
capacity equals CfD award 
and project is restricted by 
Sandwich tern mortality 


Yes. Project is operational and updated collision risk estimates represent 
the as-built scenario and therefore provide an accurate representation of 
the likely collision risk associated with the project. Further development is 
considered to be unlikely. 


East Anglia One 


Approach 3 - Correction factor derived 
using as-built turbine scenario 


As built turbine scenario uses fewer, 
higher capacity turbines 


Yes, however future 
development considered 
unlikely as operational 
capacity equals CfD award 


Yes. Project is operational and updated collision risk estimates represent 
the as-built scenario and therefore provide an accurate representation of 
the likely collision risk associated with the project. Further development is 
considered to be unlikely. 


East Anglia Three 
Approach 4 - No change to consented 
turbine scenario  


- N/A 


Seagreen Alpha Approach 1 - None - 
New application submitted in 2018, however original consent still valid 
and therefore any changes in the new application should only be 
considered qualitatively 


Seagreen Bravo Approach 1 - None - 
New application submitted in 2018, however original consent still valid 
and therefore any changes in the new application should only be 
considered qualitatively 


Galloper Wind 
Farm 


Approach 2 - Correction factor from 
MacArthur Green (2017) applied 


As built turbine scenario uses fewer, 
higher capacity turbines 


Yes 
No. Updated collision risk estimates derived using the correction factor 
are considered to provide an accurate representation of the as-built 
scenario however, further development is possible  
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Project 
Summary of refinements to collision 


risk estimates in this report 


Is future development 
possible (Approach 2 and 


3)? 


Do updated collision risk estimates represent the worst case 
scenario? 


Greater Gabbard 
Wind Farm 


Approach 3 - Correction factor derived 
using as-built turbine scenario 


As-built turbine scenario has different 
parameters 


No Yes. Project is operational. No further development is possible. 


Hornsea 1 Approach 4 - None - N/A 


Hornsea 2 
Approach 4 - No updated information 
available 


- N/A 


Humber Gateway 


Approach 2 - Correction factor from 
MacArthur Green (2017) applied 


As built turbine scenario uses fewer, 
lower capacity turbines 


Yes 
No. Updated collision risk estimates derived using the correction factor 
are considered to provide an accurate representation of the as-built 
scenario however, further development is possible  


Hywind Approach 4 - None - N/A 


Inch Cape Approach 1 - None - 
New application submitted in 2018, however original consent still valid 
and therefore any changes in the new application should only be 
considered qualitatively 


Kentish Flats 
Extension 


Approach 2 - Correction factor from 
MacArthur Green (2017) applied 


As built turbine scenario uses fewer, 
higher capacity turbines 


No Yes. Project is operational. No further development is possible. 


Kincardine Approach 4 - None - N/A 
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Project 
Summary of refinements to collision 


risk estimates in this report 


Is future development 
possible (Approach 2 and 


3)? 


Do updated collision risk estimates represent the worst case 
scenario? 


Lincs 


Approach 2 - Correction factor from 
MacArthur Green (2017) applied 


As built turbine scenario uses fewer, 
higher capacity turbines 


No Yes. Project is operational. No further development is possible. 


London Array 


Approach 3 - Correction factor derived 
using as-built turbine scenario 


As built turbine scenario uses fewer, 
higher capacity turbines 


No Yes. Project is operational. No further development is possible. 


Methil Approach 4 - None - N/A 


Moray East 
Approach 1 - Updated collision risk 
estimates for the as-built scenario 
available 


Yes, however future 
development considered 
unlikely as operational 
capacity equals CfD award 


Yes. Collision risk estimates from (Marine Scotland, 2017) represent the 
as-built scenario and therefore provide an accurate representation of the 
likely collision risk associated with the project. Further development is 
considered to be unlikely. 


Neart na Gaoithe 


Approach 1 - Updated collision risk 
estimates for the as-built scenario 
available 


No 


Yes. Collision risk estimates from (Mainstream Renewable Power, 2015) 
represent the proposed as-built scenario and therefore provide an 
accurate representation of the likely collision risk associated with the 
project. 


Approach 3 - Correction factor derived 
using as-built turbine scenario 


As built turbine scenario uses fewer, 
higher capacity turbines 


No 
Yes. Collision risk estimates derived using the correction factor are 
considered to provide an accurate representation of the likely collision risk 
associated with the project.  
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Project 
Summary of refinements to collision 


risk estimates in this report 


Is future development 
possible (Approach 2 and 


3)? 


Do updated collision risk estimates represent the worst case 
scenario? 


Race Bank 


Approach 2 - Correction factor from 
MacArthur Green (2017) applied 


As built turbine scenario uses fewer, 
higher capacity turbines 


Considered to be highly 
unlikely as operational 
capacity (573.3 MW) is 
close to consented capacity 
(580 MW) 


Yes. Project is operational. No further development is possible. 


Sheringham Shoal 


Approach 2 - Correction factor from 
MacArthur Green (2017) applied 


As built turbine scenario uses fewer, 
higher capacity turbines 


No Yes. Project is operational. No further development is possible. 


Teesside Offshore 
Wind Farm 


Approach 2 - Correction factor from 
MacArthur Green (2017) applied 


As built turbine scenario uses fewer 
turbines 


Yes 
No. Updated collision risk estimates derived using the correction factor 
are considered to provide an accurate representation of the as-built 
scenario however, further development is possible  


Thanet Approach 1 - None -- N/A 


Triton Knoll 


Approach 3 - Correction factor derived 
using as-built turbine scenario 


As built turbine scenario uses fewer, 
higher capacity turbines 


No 


Yes. Collision risk estimates derived using the correction factor are 
considered to provide an accurate representation of the likely collision risk 
associated with the project. No further development is possible with 
proposed as-built scenario 


Westermost Rough 


Approach 2 - Correction factor from 
MacArthur Green (2017) applied 


As built turbine scenario uses fewer, 
higher capacity turbines 


Yes 
No. Updated collision risk estimates derived using the correction factor 
are considered to provide an accurate representation of the as-built 
scenario however, further development is possible  
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 Annex B – Collision risk estimates for individual projects considered in-combination 


Table 1.11: Details of predicted collision rates for gannet for each project included in the in-combination assessment using the Basic model. Blue cells indicate those 
values that are affected by the respective refinement 


Project 


Predicted annual collision mortality rate 


Applicant’s position as 
presented in REP1-139 


Proposed refinement of alternative analysis 


E. 


Updated project designs 
– Neart na Gaoithe 


E. 


Updated project designs 
– other projects 


B. 


Nocturnal activity factors 


A. 


Flight speeds 


Tier 1  


Aberdeen European 
Offshore Wind 
Deployment Centre 


0 0 0 0 0 


Beatrice 3 3 3 3 2 


Blyth Demonstration 
Project 


4 4 4 3 3 


Dudgeon 12 12 12 11 10 


East Anglia One 6 6 4 3 3 


Galloper 2 2 2 2 2 


Greater Gabbard 1 1 1 1 1 


Hornsea Project One 1 1 1 1 1 
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Project Predicted annual collision mortality rate 


Hornsea Project Two 6 6 6 6 6 


Humber Gateway 2 2 2 2 1 


Hywind 0 0 0 0 0 


Kentish Flats Extension 0 0 0 0 0 


Lincs 2 2 2 2 2 


London Array 0 0 0 0 0 


Moray Firth Project One 
(MORL) 


1 1 2 2 2 


Neart na Gaoithe 7 4 4 3 3 


Race Bank 35 35 18 17 16 


Sheringham Shoal 14 14 14 13 12 


Teesside 5 5 5 4 4 


Thanet 0 0 0 0 0 


Triton Knoll 22 22 7 7 6 


Westermost Rough 0 0 0 0 0 


Tier 1 total 124 121 87 79 75 


Tier 2 


Dogger Bank Creyke 
Beck A and B 


3 3 3 3 3 
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Project Predicted annual collision mortality rate 


Dogger Bank Teesside A 
and B  


9 9 9 8 7 


East Anglia Three 3 3 3 2 2 


Inch Cape 2 2 2 2 2 


Kincardine 0 0 0 0 0 


Methil 0 0 0 0 0 


Moray West 0 0 0 0 0 


Norfolk Vanguard 5 5 5 4 4 


Seagreen Alpha 7 7 7 7 6 


Seagreen Bravo 6 6 6 5 5 


Thanet Extension 1 1 1 1 1 


Tier 2 total 36 36 36 33 31 


Overall total 160 157 123 112 106 
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Table 1.12: Details of predicted collision rates for gannet for each project included in the in-combination assessment using the Extended model. Blue cells indicate those 
values that are affected by the respective refinement 


Project 


Predicted annual collision mortality rate 


Applicant’s position as 
presented in REP1-139 


Proposed refinement of alternative analysis 


E. 


Updated project designs 
– Neart na Gaoithe 


E. 


Updated project designs 
– other projects 


B. 


Nocturnal activity factors 


A. 


Flight speeds 


Tier 1  


Aberdeen European 
Offshore Wind 
Deployment Centre 


0 0 0 0 0 


Beatrice 1 1 1 1 1 


Blyth Demonstration 
Project 


4 4 4 3 3 


Dudgeon 12 12 12 11 10 


East Anglia One 3 3 2 2 2 


Galloper 2 2 2 2 2 


Greater Gabbard 1 1 1 1 1 


Hornsea Project One 1 1 1 1 1 


Hornsea Project Two 4 4 4 4 4 
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Project Predicted annual collision mortality rate 


Humber Gateway 2 2 2 2 1 


Hywind 0 0 0 2 0 


Kentish Flats Extension 0 0 0 0 0 


Lincs 2 2 2 2 2 


London Array 0 0 0 0 0 


Moray Firth Project One 
(MORL) 


0 0 1 1 0 


Neart na Gaoithe 7 2 2 2 2 


Race Bank 35 35 18 17 15 


Sheringham Shoal 14 14 14 13 11 


Teesside 5 5 5 0 0 


Thanet 0 0 0 0 0 


Triton Knoll 22 22 7 7 6 


Westermost Rough 0 0 0 0 0 


Tier 1 total 116 111 78 67 60 


Tier 2  


Dogger Bank Creyke 
Beck A and B 


25 25 25 22 20 
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Project Predicted annual collision mortality rate 


Dogger Bank Teesside A 
and B  


33 33 33 30 27 


East Anglia Three 2 2 2 2 2 


Inch Cape 2 2 2 2 1 


Kincardine 1 1 1 1 1 


Methil 0 0 0 0 0 


Moray West 0 0 0 0 0 


Norfolk Vanguard 5 5 5 0 4 


Seagreen Alpha 6 6 6 6 5 


Seagreen Bravo 5 5 5 5 4 


Thanet Extension 1 1 1 0 1 


Tier 2 total 80 80 80 72 65 


Overall total 195 191 158 139 125 
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Table 1.13: Details of predicted collision rates for kittiwake for each project included in the in-combination assessment using the Basic model. Blue cells indicate those 
values that are affected by the respective refinement 


Project 


Predicted annual collision mortality rate 


Applicant’s position as 
presented in REP1-139 


Proposed refinement of alternative analysis 


E. 


Updated project designs 
– Neart na Gaoithe 


E. 


Updated project designs 
– other projects 


B. 


Nocturnal activity factors 


A. 


Flight speeds 


Tier 1 


Aberdeen European 
Offshore Wind 
Deployment Centre 


0 0 0 0 0 


Beatrice 1 1 1 0 1 


Blyth Demonstration 
Project 


0 0 0 0 0 


East Anglia One 24 24 13 2 10 


Galloper 3 3 3 0 3 


Greater Gabbard 2 2 2 0 1 


Hornsea Project One 3 3 3 2 2 


Hornsea Project Two 14 14 14 13 11 


Humber Gateway 3 3 4 2 2 
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Project Predicted annual collision mortality rate 


Hywind 0 0 0 0 0 


Kentish Flats Extension 0 0 0 0 0 


Lincs 1 1 1 1 1 


London Array 0 0 0 0 0 


Moray Firth Project One 
(MORL) 


1 1 1 1 1 


Neart na Gaoithe 2 2 2 1 1 


Race Bank 3 3 2 2 2 


Teesside 2 2 2 1 1 


Thanet 0 0 0 0 0 


Triton Knoll 28 28 8 8 6 


Westermost Rough 0 0 0 0 0 


Tier 1 total 87 86 55 50 43 


Tier 2 


Dogger Bank Creyke 
Beck A and B 


77 77 77 70 60 


Dogger Bank Teesside A 
and B  


21 21 21 19 16 


East Anglia Three 6 6 6 5 4 
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Project Predicted annual collision mortality rate 


Inch Cape 17 17 17 15 13 


Kincardine 1 1 1 0 0 


Methil 0 0 0 0 0 


Moray West 2 2 2 2 2 


Norfolk Vanguard 8 8 8 8 7 


Seagreen Alpha 17 17 17 16 14 


Seagreen Bravo 14 14 14 13 11 


Thanet Extension 1 1 1 1 1 


Tier 2 total 163 163 163 150 127 


Overall total 250 249 218 200 170 
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Table 1.14: Details of predicted collision rates for kittiwake for each project included in the in-combination assessment using the Extended model. Blue cells indicate 
those values that are affected by the respective refinement 


Project 


Predicted annual collision mortality rate 


Applicant’s position as 
presented in REP1-139 


Proposed refinement of alternative analysis 


E. 


Updated project designs 
– Neart na Gaoithe 


E. 


Updated project designs 
– other projects 


B. 


Nocturnal activity factors 


A. 


Flight speeds 


Tier 1 


Aberdeen European 
Offshore Wind 
Deployment Centre 


0 0 0 0 0 


Beatrice 0 0 0 0 0 


Blyth Demonstration 
Project 


0 0 0 0 0 


East Anglia One 1 1 1 1 0 


Galloper 3 3 3 2 2 


Greater Gabbard 1 1 1 1 1 


Hornsea Project One 1 1 1 1 0 


Hornsea Project Two 2 2 2 2 1 


Humber Gateway 2 2 2 2 1 
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Project Predicted annual collision mortality rate 


Hywind 0 0 0 0 0 


Kentish Flats Extension 0 0 0 0 0 


Lincs 1 1 1 1 0 


London Array 0 0 0 0 0 


Moray Firth Project One 
(MORL) 


1 1 1 1 1 


Neart na Gaoithe 2 0 0 0 0 


Race Bank 3 3 2 1 1 


Teesside 1 1 1 1 1 


Thanet 0 0 0 0 0 


Triton Knoll 20 20 6 6 4 


Westermost Rough 0 0 0 0 0 


Tier 1 total 38 37 22 20 14 


Tier 2 


Dogger Bank Creyke 
Beck A and B 


23 23 23 21 15 


Dogger Bank Teesside A 
and B  


6 6 6 6 4 


East Anglia Three 5 5 5 4 3 
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Project Predicted annual collision mortality rate 


Inch Cape 12 12 12 11 8 


Kincardine 2 2 2 2 1 


Methil 0 0 0 0 0 


Moray West 1 1 1 0 0 


Norfolk Vanguard 6 6 6 0 0 


Seagreen Alpha 8 8 8 7 5 


Seagreen Bravo 5 5 5 5 3 


Thanet Extension 1 1 1 0 0 


Tier 2 total 69 69 69 63 44 


Overall total 107 106 91 83 58 
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Annex C - Alternative Analysis for Ornithology 
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1. Alternative analysis 


 Introduction 


 This note presents an alternative analysis applying the Applicant’s understanding of Natural 


England’s approach as submitted as part of their submissions made during the examination of 


Hornsea Three. This information is provided to assist the Examining Authority to understand the 


difference in position of Natural England and the Applicant. This information is presented without 


prejudice to the Applicant’s position which remains as set out in the application and in subsequent 


submissions during the examination phase. Throughout this document the results of the alternative 


analysis are referred to, for convenience, as the ‘alternative analysis’. 


 Following the presentation of the collision risk estimates and displacement analyses using the 


alternative analysis the Applicant has presented a comparison between the alternative analysis 


and the results presented in Volume 2, Chapter 5: Offshore Ornithology (APP-065) and the RIAA 


(APP-051) for relevant species as requested in Q2.2.9 of the Examining Authority’s second 


questions.  


 Background 


 Displacement analysis 


 The approach to displacement analysis in the Hornsea Three application (Volume 5, Annex 5.2: 


Analysis of Displacement Impacts on Seabirds (APP-108)) followed the guidance presented in 


JNCC et al. (2017). In addition the Applicant undertook a literature review to identify displacement 


and mortality rates supported by empirical evidence. 


 The position of Natural England as described in Natural England’s written submission for Hornsea 


Three differs from the Applicant’s approach. The differences in Natural England’s position are 


identified in Table 1.1 alongside the methodology applied by the Applicant for the alternative 


analysis in this report to address each issue. 


Table 1.1: Differences between the approach to displacement analysis advocated by Natural England and that 
applied by the Applicant 


Difference Reference Methodology 


Density data – Natural England 
suggest that the upper confidence 
limits associated with those 
population estimates derived for the 
months December to March should 
be incorporated in to the calculation 
of mean-peak populations 


Paragraph 4.4 of Annex C of 
Natural England’s Written 
Representation (REP1-211) 


The Applicant has incorporated the 
population estimates associated with 
the upper confidence limits into the 
calculation of mean-peak populations 
(see the methodology presented in 
paragraph 1.8 


Natural England do not agree with 
the seasonal extents defined for 
gannet or puffin 


Paragraph 4.5 of Annex C of 
Natural England’s Written 
Representation (REP1-211) 


The Applicant has calculated mean-
peak populations using the seasonal 
definitions advocated by Natural 
England 
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Difference Reference Methodology 


Natural England disagree with the 
empirically derived displacement 
rates applied by the Applicant 


Paragraph 4.10 of Annex C of 
Natural England’s Written 
Representation (REP1-211) 


In the absence of recommended 
rates from Natural England in their 
written submissions for Hornsea 
Three the Applicant has applied 
displacement and mortality rates 
previously used by Natural England 
at other offshore wind farm projects 


Natural England do not agree with 
the apportioning approach applied 
for gannet or puffin 


Paragraph 4.6 and Section 7 of 
Annex C of Natural England’s 
Written Representation (REP1-
211) 


For those seasons of relevance (i.e. 
the breeding season) the Applicant 
has presented displacement 
mortality across a range of 
apportioning values as suggested by 
Natural England (Paragraph 7.19 of 
Annex C of Natural England’s 
Written Representation (REP1-211)) 


Natural England consider that 
impacts should be apportioned to 
immature auks 


Paragraph 4.6 of Annex C of 
Natural England’s Written 
Representation (REP1-211) 


For those seasons of relevance (i.e. 
the breeding season) the Applicant 
has presented displacement 
mortality across a range of 
apportioning values 


 


 Collision risk modelling 


 The position of Natural England in relation to collision risk modelling as described in Natural 


England’s written submission for Hornsea Three differs from the Applicant’s approach. The 


differences in Natural England’s position are identified in Table 1.2 alongside the methodology 


applied by the Applicant for the alternative analysis in this report to address each issue. 


Table 1.2: Differences between the approach to collision risk modelling advocated by Natural England and that 
applied by the Applicant 


Difference Reference Methodology 


Density data – Natural England 
suggest that the density data 
associated with the upper 
confidence limits for the months of 
December to March are used in 
collision risk modelling 


Paragraph 3.16 of Annex C of 
Natural England’s Written 
Representation (REP1-211) 


The Applicant has incorporated the 
density values associated with 
upper confidence limits into 
collision risk modelling 


Flight speed data – Natural 
England do not agree with the 
application of flight speed data 
from Skov et al. (2018) 


Appendix 1 of Natural England’s 
Written Submission for Deadline 3 
(REP3-075) 


The Applicant has used flight 
speed data from Alerstam (2007) 
and Pennycuick et al. (1987) 
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Difference Reference Methodology 


Nocturnal activity factors – Natural 
England suggest that collision risk 
estimates calculated using a range 
of nocturnal activity factors are 
presented  


Paragraph 3.13 of Annex C of 
Natural England’s Written 
Representation (REP1-211) 


The Applicant has applied the 
nocturnal activity factors 
advocated by Natural England in 
collision risk modelling  


Band model – Natural England 
advocate the use of collision risk 
estimates calculated using Option 
2 of the Band (2012) CRM 


Paragraph 3.8 of Annex C of 
Natural England’s Written 
Representation (REP1-211) 


The Applicant has presented 
collision risk estimates calculated 
using all Band model Options 


Avoidance rates – Natural England 
advocate the use of collision risk 
estimates calculated using the 
avoidance rates recommended in 
JNCC et al. (2014) 


Paragraph 3.26 of Annex C of 
Natural England’s Written 
Representation (REP1-211) 


The Applicant has presented 
collision risk estimates calculated 
using a range of avoidance rates 
including those recommended by 
JNCC et al. (2014) 


Apportioning – Natural England do 
not agree with the apportioning 
approach applied by the Applicant 
for gannet or kittiwake 


Section 7 of Annex C of Natural 
England’s Written Representation 
(REP1-211) 


For those seasons of relevance 
(i.e. the breeding season) the 
Applicant has presented 
displacement mortality across a 
range of apportioning values as 
suggested by Natural England 
(Paragraph 7.19 of Annex C of 
Natural England’s Written 
Representation (REP1-211)) 


Seasonality – Natural England do 
not agree with the seasonal 
extents defined for gannet and 
kittiwake 


Section 7 of Annex C of Natural 
England’s Written Representation 
(REP1-211) 


The Applicant has calculated 
seasonal collision risk estimates 
using the seasons advocated by 
Natural England (Table 7.1 in 
Annex C of Natural England’s 
Written Representation (REP1-
211) 


 


 Displacement 


 Methodology 


 The methodology used for displacement analysis is consistent with that described in Volume 5, 


Annex 5.2: Analysis of Displacement Impacts on Seabirds (APP-108) which is consistent with the 


guidance provided by JNCC et al. (2017). 


 Volume 5, Annex 5.2: Analysis of Displacement Impacts on Seabirds (APP-108) identifies those 


species considered for displacement impacts in both Volume 2, Chapter 5: Offshore Ornithology 


(APP-065) and the RIAA (APP-051): 
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• Fulmar; 


• Gannet; 


• Guillemot; 


• Razorbill; and 


• Puffin. 


 The upper confidence limits associated with population estimates for December to March have 


been incorporated into the alternative analysis assuming that they represent the abundance of 


species in the four months for which surveys were not conducted. This therefore means that for 


December 2016 to March 2017 the mean population estimates calculated from aerial surveys are 


used and for December 2017 to March 2018, the upper confidence limits associated with the 


population estimates calculated for December 2016 to March 2017 are used. This provides a 


precautionary and biologically meaningful analysis as it uses known abundance estimates for 


December 2016 to March 2017 (as derived from aerial surveys) and assumes a precautionary 


population for December 2017 to March 2018.  


 The following species-specific sections provide the results of displacement analysis when applying 


the alternative analysis. This analysis uses the displacement and mortality rates advised by JNCC 


et al. (2017) and recommended and applied by Natural England as part of their assessments for 


other offshore wind projects. Seasonal displacement matrices are presented in Appendix A for all 


species with these presenting displacement rates in 10% increments (10-100%) and mortality rates 


in 10% increments in addition to 1, 2 and 5%.  
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Table 1.3: Calculation of seasonal mean-peak populations for use in the alternative analysis for relevant species 


Survey 
year 


Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar 


Fulmar 


Year 1 642 91 1,146 1,375 0 1,096 262 273 778 211 69 242 


Year 2 87 438 196 46 1,470 394 857 432 1,002 378 123 462 


Mean-peak 1,423 977 352 890 


Gannet 


Year 1 928 240 307 799 159 180 277 146 936 22 147 113 


Year 2 58 179 103 881 1,738 1,215 1,691 143 1,366 50 319 209 


Mean-peak 1,333 984 1,151  


Guillemot 


Year 1 5,120 5,838 15,017 14,657 10,096 12,312 5,492 14,228 16,655 926 3,315 7,630 


Year 2 5,633 7,652 1,281 11,731 13,531 15,981 17,517 18,888 21,692 1,629 4,265 10,119 


Mean-peak 13,374 19,174  


Razorbill 


Year 1 563 336 678 281 0 54 466 4,382 3,080 237 677 1,442 


Year 2 582 198 93 383 276 185 3,575 2,916 5,665 536 1,155 2,066 


Mean-peak 630 2,020 5,024 1,754 


Puffin 
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Survey 
year 


Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar 


Year 1 214 288 14 14 0 13 0 0 13 0 0 52 


Year 2 0 219 0 38 0 39 40 26 35 0 0 102 


Mean-peak 253 77 


Breeding season Post-breeding season Non-breeding season Pre-breeding season 
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 Species accounts 


 Fulmar 


 Mean-peak populations 


 The seasonal mean-peak populations for the alternative analysis for fulmar calculated in Table 1.3 


are presented alongside the seasonal mean-peak populations used to inform the assessments in 


Volume 2, Chapter 5: Offshore Ornithology (APP-065) and the RIAA (APP-051) in Table 1.4. 


Table 1.4: Seasonal mean-peak populations for fulmar 


Approach to seasonality 
and data used 


Season 


Breeding Post-breeding Non-breeding Pre-breeding 


Application 1,423 977 352 525 


Alternative analysis 1,423 977 352 890 


 


 The seasonal mean-peak populations are identical in all seasons defined for fulmar with the 


exception of the pre-breeding season with this difference occurring due to the use of population 


estimates associated with the upper confidence limit. 


 Displacement mortality 


 Natural England have not provided any guidance in relation to the displacement and mortality rates 


to use for fulmar in their examination submissions that can be used to inform the alternative 


analysis. Guidance in relation to displacement provided by JNCC et al. (2017) suggests that for 


species with a disturbance sensitivity of 1 in Bradbury et al. (2014) may not be displaced or hardly 


displaced. However, if assessment of these species is recommended a displacement rate of 10% 


or less would be assumed. No modification was provided to this score in Wade et al. (2016) and 


therefore a displacement rate of 10% has been applied in the alternative analysis. A mortality rate 


range of 1-10% is applied for fulmar in the alternative analysis. For the assessments presented in 


Volume 2, Chapter 5: Offshore Ornithology (APP-065) and the RIAA (APP-051) the Applicant 


undertook a literature review to identify evidence based displacement and mortality rates. Based 


on this review the Applicant applied a displacement rate range of 10-30% and a mortality rate of 


2% in the breeding season and 1% in all other seasons.  


 The seasonal displacement mortalities for fulmar calculated using the mean-peak populations 


presented in Table 1.4 are presented in Table 1.5 using the respective displacement and mortality 


rates assumed for the alternative analysis and applied by the Applicant in Volume 2, Chapter 5: 


Offshore Ornithology (APP-065) and the RIAA (APP-051). Seasonal displacement matrices for 


fulmar using the density and seasonality approach applied in the alternative analysis are presented 


in Table 1.32 to Table 1.35 of Appendix A. Displacement matrices for the Applicant’s approach to 


density and seasonality are presented in Volume 5, Annex 5.2: Analysis of Displacement Impacts 


on Seabirds (APP-108). 


Table 1.5: Displacement mortality for fulmar using the alternative analysis and as presented in APP-065 
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Season 
Density data and seasonality approach 


Alternative analysis Applicant 


Breeding 1-14 3-9 


Post-breeding 1-10 1-3 


Non-breeding 0-4 0-1 


Pre-breeding 1-9 1-2 


 


 Apportioning 


 Apportioning of displacement mortality to FFC SPA, the Farne Islands SPA, Coquet Island and the 


Forth Islands SPA is presented in Table 1.6 using the approach to density data and seasonality 


applied in the alternative analysis and applied by the Applicant in the RIAA (APP-065). In the post-


breeding and pre-breeding season, the appropriate apportioning value for each SPA has been 


obtained using the data presented in Furness (2015). In the breeding season the apportioning 


value has been calculated based on the contribution of each SPA to the total population of 


breeding birds that may interact with Hornsea Three based on the foraging range of fulmar from 


Thaxter et al. (2012). The respective apportioning values are also presented in Table 1.6. 


Table 1.6: Apportioned displacement mortality for fulmar 


SPA Season 
Apportioning 


value (%) 


Density data 


Alternative analysis Applicant 


FFC 


Breeding 21.3 0-3 1-2 


Post-breeding 0.18 0 0 


Non-breeding 0.22 0 0 


Pre-breeding 0.18 0 0 


Coquet Island 


Breeding 0.72 0 0 


Post-breeding 0.009 0 0 


Non-breeding 0.01 0 0 


Pre-breeding 0.009 0 0 


Farne Islands 


Breeding 4.15 0-1 0 


Post-breeding 0.05 0 0 


Non-breeding 0.06 0 0 


Pre-breeding 0.05 0 0 


Forth Islands Breeding 11.5 0-2 0-1 
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SPA Season Apportioning 
value (%) 


Density data 


Post-breeding 0.17 0 0 


Non-breeding 0.20 0 0 


Pre-breeding 0.17 0 0 


 


 Conclusion 


 There is considered to be no difference in assessment terms between the displacement mortality 


calculated using the alternative analysis and the approach applied by the Applicant in Volume 2, 


Chapter 5: Offshore Ornithology (APP-065) and the RIAA (APP-051).  


 Gannet 


 Mean-peak populations 


 The seasonal mean-peak populations for the alternative analysis for gannet calculated in Table 1.3 


are presented alongside the seasonal mean-peak populations used to inform the assessments in 


Volume 2, Chapter 5: Offshore Ornithology (APP-065) and the RIAA (APP-051) in Table 1.7. 


Table 1.7: Seasonal mean-peak populations for gannet 


Approach to seasonality 
and data used 


Season 


Breeding Post-breeding Pre-breeding 


Application 1,333 984 406 


Alternative analysis 1,333 984 1,151 


 


 Differences between the seasonal mean-peak populations calculated for gannet (Table 1.7) only 


occur in the pre-breeding season with this difference occurring due to the use of population 


estimates associated with upper confidence limits. 
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 Displacement mortality 


 Natural England have not provided any guidance in relation to the displacement and mortality rates 


to use for gannet that can be used to inform the alternative analysis in their examination 


submissions for Hornsea Three. Guidance in relation to displacement provided by JNCC et al. 


(2017) suggests that for species with a disturbance sensitivity of 3 in Bradbury et al. (2014) the 


SNCBs would advise a displacement rate range of 30-70%. Gannet is assigned a disturbance 


susceptibility of 2 in Bradbury et al. (2014) and therefore a rate of 30-70% would be precautionary. 


Further modification to the disturbance susceptibility scores presented in Bradbury et al. (2014) 


was provided by Wade et al. (2016) with gannet assigned a 4 in this report. No guidance is 


provided in JNCC et al. (2017) on the displacement rates to use for species assigned a 


disturbance susceptibility level of 4 however, in previous assessments, Natural England have 


recommended and applied a displacement rate range of 30-70% (Natural England, 2015a) and 


therefore this is used here in the alternative analysis. Natural England have previously 


recommended and applied a mortality rate range of 1-10% (Natural England, 2015a) for gannet 


and this range is used here in the alternative analysis. 


 For the assessments presented in Volume 2, Chapter 5: Offshore Ornithology (APP-065) and the 


RIAA (APP-051) the Applicant undertook a literature review to identify evidence based 


displacement and mortality rates. Based on this review the Applicant applied a displacement rate 


range of 30-70% and a mortality rate of 2% in the breeding season and 1% in all other seasons. 


 The seasonal displacement mortalities for gannet calculated using the mean-peak populations 


presented in Table 1.7 are presented in Table 1.8 using the respective displacement and mortality 


rates previously applied in the alternative analysis and applied by the Applicant in Volume 2, 


Chapter 5: Offshore Ornithology (APP-065) and the RIAA (APP-051). Seasonal displacement 


matrices for gannet using the density and seasonality approach applied in the alternative analysis 


are presented in Table 1.36 to Table 1.38 of Appendix A. Displacement matrices for the Applicant’s 


approach to density and seasonality are presented in Volume 5, Annex 5.2: Analysis of 


Displacement Impacts on Seabirds (APP-108). 


Table 1.8: Displacement mortality for gannet using the alternative analysis and as presented in APP-065 


Season 
Density data and seasonality approach 


Alternative analysis Applicant 


Breeding 4-93 8-19 


Post-breeding 3-69 3-7 


Pre-breeding 3-81 1-3 
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 Apportioning 


 Apportioning of displacement mortality to FFC SPA is presented in Table 1.9 using the approach to 


density data and seasonality applied in the alternative analysis. For the post-breeding and pre-


breeding season, the appropriate apportioning value has been obtained using the data presented 


in Furness (2015). In the breeding season, a range of apportioning values have been applied 


following Natural England’s proposed approach, albeit for kittiwake and puffin, in their Written 


Representations (REP1-211). Natural England have indicated that their preference is that age 


class data should be used to identify adult type birds and this used to inform a range of adult 


apportioning values. The apportioning values applied for gannet are therefore: 


• Breeding season = 0-72.8% including: 


○ 40.4% - Applicant’s approach (see APP-054); 


○ 72.8% - the proportion of adult birds from aerial survey data using the Applicant’s 


seasonal approach; 


○ 46.5% - the proportion of adult birds from boat-based survey data using the alternative 


analysis seasonal approach; and 


○ 63.3% - the proportion of adult birds from aerial survey data using the alternative 


analysis seasonal approach. 


• Post-breeding season = 4.8%; and 


• Pre-breeding season = 6.2%. 
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Table 1.9: Seasonal apportioning of displacement mortality for gannet at FFC SPA as calculated using the alternative analysis 


Season 
Displacement rate 


(%) 
Mortality 
rate (%) 


Apportioning rate (%) 


4.8 6.2 10 20 30 40.4 46.5 63.3 72.8 


Breeding 
70 10   9 19 28 38 43 59 68 


30 1   0 1 1 2 2 3 3 


Post-
breeding 


70 10 3         


30 1 0         


Pre-breeding 
70 10  5        


30 1  0        
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 Comparison with the Applicant’s approach 


 The impacts predicted by the Applicant in the RIAA (APP-051) are presented in Table 1.10 


alongside those presented using the alternative analysis (i.e. Table 1.9). The Applicant derived an 


apportioning rate of 40.4% in the breeding season based on age class data collected at Hornsea 


Three in addition to scientific evidence which suggests that this apportioning rate is appropriate 


(see APP-054).  


Table 1.10: Displacement mortality for gannet at FFC SPA as predicted in the Hornsea Three RIAA (APP-051) 


Season Apportioning rate (%) 
Displacement mortality 


(no. of birds) as 
presented in the RIAA 


Displacement mortality 
using the alternative 


analysis 


Breeding 40.4 3-8 0-68 


Post-breeding 4.8 0 0-3 


Pre-breeding 6.2 0 0-5 


 


 Conclusion 


 When comparing the displacement mortality associated with the EIA assessment (Table 1.8) there 


appears to be a difference between the alternative analysis and the values used to inform 


assessments in Volume 2, Chapter 5: Offshore Ornithology (APP-065). However, the upper end of 


the impact range calculated using the alternative analysis is based on very conservative 


assumptions. In addition, the populations against which EIA impacts are assessed is large and 


therefore, in assessment terms, it is considered that there would be no difference in terms of the 


assessment conclusions reached. 


 There is also considered to be no difference in assessment terms between the apportioned 


displacement mortality predicted using the alternative analysis and those calculated by the 


Applicant in the RIAA (APP-051) (Table 1.10) with the upper end of the impact range calculated 


using the alternative analysis also considered to be based on very conservative assumptions 


including displacement and mortality rates and apportioning values. 


 Guillemot 


 Mean-peak populations 


The seasonal mean-peak populations for the alternative analysis for guillemot calculated in Table 
1.3 are presented alongside the seasonal mean-peak populations used to inform the assessments in Volume 


2, Chapter 5: Offshore Ornithology (APP-065) and the RIAA (APP-051) in  


 


 


 


 Table 1.11. 
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Table 1.11: Seasonal mean-peak populations for guillemot 


Approach to seasonality 
and data used 


Season 


Breeding Non-breeding 


Application 13,374 17,772 


Alternative analysis 13,374 19,174 


 


 The breeding season mean-peak population calculated for guillemot is identical for both 


approaches. The mean-peak populations in the non-breeding season are different due to the use 


of population estimates associated with upper confidence limits. 


 Displacement mortality 


 Natural England have not provided any guidance in relation to the displacement and mortality rates 


to use for guillemot that can be used to inform the alternative analysis in their examination 


submissions for Hornsea Three. Guidance in relation to displacement provided by JNCC et al. 


(2017) suggests that for species with a disturbance sensitivity of 3 in Bradbury et al. (2014) the 


SNCBs would advise a displacement rate range of 30-70%. Guillemot is assigned a disturbance 


susceptibility of 3 in Bradbury et al. (2014) and therefore a rate of 30-70% would be precautionary. 


No modification was provided to this score in Wade et al. (2016). This displacement rate range is 


consistent with the rates recommended and applied previously by Natural England and it is 


therefore used in the alternative analysis (Natural England, 2015b). Natural England have 


previously recommended and applied a mortality rate range of 1-10% (Natural England, 2015b) for 


guillemot and this range is used in the alternative analysis. 


 For the assessments presented in Volume 2, Chapter 5: Offshore Ornithology (APP-065) and the 


RIAA (APP-051) the Applicant undertook a literature review to identify evidence based 


displacement and mortality rates. Based on this review the Applicant applied a displacement rate 


of 50% and a mortality rate range of 2-10% in the breeding season and 1% in the non-breeding 


season. 


The seasonal displacement mortalities for guillemot calculated using the mean-peak populations 
presented in  
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Table 1.11 are presented in  


 


 


 Table 1.12 using the respective displacement and mortality rates applied in the alternative analysis 


and applied by the Applicant in Volume 2, Chapter 5: Offshore Ornithology (APP-065) and the 


RIAA (APP-051). Seasonal displacement matrices for guillemot using the density and seasonality 


approach applied in the alternative analysis are presented in Table 1.39 and Table 1.40 of 


Appendix A. Displacement matrices for the Applicant’s approach to density and seasonality are 


presented in Volume 5, Annex 5.2: Analysis of Displacement Impacts on Seabirds (APP-108). 


 


 


 


Table 1.12: Displacement mortality for guillemot using the alternative analysis and as presented in APP-065 


Season 
Density data and seasonality approach 


Alternative analysis Applicant 


Breeding 40-936 134-669 


Non-breeding 58-1,342 89 


 


 Apportioning 


 Apportioning of displacement mortality to FFC SPA is presented in Table 1.13 using the approach 


to density data and seasonality applied in the alternative analysis. For the non-breeding season, 


the appropriate apportioning value has been obtained using the data presented in Furness (2015). 


In the breeding season there is considered to be no connectivity between breeding adult birds from 


FFC SPA and Hornsea Three (see APP-054). However, there is potential for immature birds that 


may recruit to FFC SPA to be present at Hornsea Three. Due to the uncertainty associated with 


the apportioning of immature birds to individual breeding colonies, a range of apportioning values 


are presented in Table 1.13. Natural England have provided no guidance as to where in this range 


they would base their assessment. The apportioning values applied for guillemot are therefore: 


• Breeding season (immatures only) = 0-100%; and 


• Non-breeding season = 4.4%. 
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Table 1.13: Seasonal apportioning of displacement mortality for guillemot at FFC SPA as calculated using the alternative analysis 


Season 
Displacement 


rate (%) 
Mortality 
rate (%) 


Apportioning rate (%) 


4.4 10 20 30 40 50 60 70 80 90 100 


Breeding 
(immature 
birds) 


70 10  94 187 281 374 468 562 655 749 843 936 


30 1  4 8 12 16 20 24 28 32 36 40 


Non-
breeding 


70 10 59           


30 1 3           
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 Comparison with the Applicant’s approach 


 The impacts predicted by the Applicant in the RIAA (APP-051) are presented in Table 1.14 


alongside those presented using the alternative analysis (i.e. Table 1.13). Using equivalent 


displacement and mortality rates there is considered to be no difference in assessment terms 


between the apportioned displacement mortality predicted using the alternative analysis and the 


mortality presented in the RIAA (Table 1.14). 


Table 1.14: Displacement mortality for guillemot at FFC SPA as predicted in the Hornsea Three RIAA (APP-
051) 


Season Apportioning rate (%) 
Displacement mortality 


(no. of birds) as 
presented in the RIAA 


Displacement mortality 
using the alternative 


analysis 


Breeding (adult birds) - 0 0 


Breeding (immature 
birds) 


- Not quantified Unknown 


Non-breeding 4.4 4 3-59 


 


 Conclusion 


When comparing the displacement mortality associated with the EIA assessment ( 


 


 


 Table 1.12) there appears to be a difference between the Applicant’s approach and the alternative 


analysis. However, the upper end of the impact range calculated using the alternative analysis is 


based on very conservative assumptions. In addition, the populations against which these impacts 


are assessed is large and therefore, in assessment terms, it is considered that there would be no 


difference in terms of the assessment conclusions reached. 


 In terms of the RIAA assessment it is not known what apportioning value Natural England would 


apply for impacts on immature birds however, there is considered to be no difference in 


assessment terms between the impacts predicted in the breeding season for adult birds and in the 


non-breeding season with the upper end of the impact range using the alternative analysis again 


considered to be based on very conservative assumptions. 


 Razorbill 


 Mean-peak populations 


The seasonal mean-peak populations for the alternative analysis for razorbill calculated in Table 
1.3 are presented alongside the seasonal mean-peak populations used to inform the assessments in Volume 


2, Chapter 5: Offshore Ornithology (APP-065) and the RIAA (APP-051) in  
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 Table 1.15. 


 


 


 


Table 1.15: Seasonal mean-peak populations for razorbill 


Approach to seasonality 
and data used 


Season 


Breeding Post-breeding Non-breeding Pre-breeding 


Application 630 2,020 3,649 1,236 


Alternative analysis 630 2,020 5,024 1,754 


 


 The breeding and post-breeding season mean-peak populations calculated for razorbill are 


identical for both approaches. Those in the non-breeding and pre-breeding seasons are different 


due to the use of population estimates associated with upper confidence limits. 


 Displacement mortality 


 Natural England have not provided any guidance in relation to the displacement and mortality rates 


to use for razorbill that can be used to inform the alternative analysis in their examination 


submissions for Hornsea Three. Guidance in relation to displacement provided by JNCC et al. 


(2017) suggests that for species with a disturbance sensitivity of 3 in Bradbury et al. (2014) the 


SNCBs would advise a displacement rate range of 30-70%. Razorbill is assigned a disturbance 


susceptibility of 3 in Bradbury et al. (2014) and therefore a rate of 30-70% would be precautionary. 


No modification was provided to this score in Wade et al. (2016). This displacement rate range is 


consistent with the rates recommended and applied previously by Natural England (Natural 


England, 2015c) and it is therefore used for the alternative analysis. Natural England have 


previously recommended and applied a mortality rate range of 1-10% (Natural England, 2015c) for 


razorbill and this range is used for the alternative analysis. 


 For the assessments presented in Volume 2, Chapter 5: Offshore Ornithology (APP-065) and the 


RIAA (APP-051) the Applicant undertook a literature review to identify evidence based 


displacement and mortality rates. Based on this review the Applicant applied a displacement rate 


of 40% and a mortality rate range of 2-10% in the breeding season, 2% in the post- and pre-


breeding seasons and 1% in the non-breeding season. 


The seasonal displacement mortalities for razorbill calculated using the mean-peak populations 
presented in  
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Table 1.15 are presented in  


 


 


 Table 1.16 using the respective displacement and mortality rates applied in the alternative analysis 


and applied by the Applicant in Volume 2, Chapter 5: Offshore Ornithology (APP-065) and the 


RIAA (APP-051). Seasonal displacement matrices for razorbill using the density and seasonality 


approach applied in the alternative analysis are presented in Table 1.41 to Table 1.44 of Appendix 


A. Displacement matrices for the Applicant’s approach to density and seasonality are presented in 


Volume 5, Annex 5.2: Analysis of Displacement Impacts on Seabirds (APP-108). 


 


 


 


Table 1.16: Displacement mortality for razorbill using the alternative analysis and as presented in APP-065 


Season 
Density data and seasonality approach 


Alternative analysis Applicant 


Breeding 2-44 5-25 


Post-breeding 6-141 16 


Non-breeding 15-352 15 


Pre-breeding 5-123 10 


 


 Apportioning 


 Apportioning of displacement mortality to FFC SPA is presented in Table 1.17 using the approach 


to density data and seasonality applied in the alternative analysis. For the post, non- and pre-


breeding seasons, the appropriate apportioning values have been obtained using the data 


presented in Furness (2015). In the breeding season there is considered to be no connectivity 


between breeding adult birds from FFC SPA and Hornsea Three (see APP-054). However, there is 


potential for immature birds that may recruit to FFC SPA to be present at Hornsea Three. Due to 


the uncertainty associated with the apportioning of immature birds to individual breeding colonies, 


a range of apportioning values are presented in Table 1.17. Natural England have provided no 


guidance as to where in this range they would base their assessment.  The apportioning values 


applied for razorbill are therefore: 


• Breeding season (immatures only) = 0-100%; 


• Post-breeding season = 3.4% 


• Non-breeding season = 2.7%; and 


• Pre-breeding season = 3.4% 
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Table 1.17: Seasonal apportioning of displacement mortality for razorbill at FFC SPA as calculated using the alternative analysis 


Season 
Displacement 


rate (%) 
Mortality 
rate (%) 


Apportioning rate (%) 


2.7 3.4 10 20 30 40 50 60 70 80 90 100 


Breeding 
(immature 
birds 
only) 


70 10   4 9 13 18 22 26 31 35 40 44 


30 1   0 0 1 1 1 1 1 2 2 2 


Post-
breeding 


70 10  5           


30 1  0           


Non-
breeding 


70 10 10            


30 1 0            


Pre-
breeding 


70 10  4           


30 1  0           
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 Comparison with the Applicant’s approach 


 The impacts predicted by the Applicant in the RIAA (APP-051) are presented in Table 1.18 


alongside those presented using the alternative analysis (i.e. Table 1.17). Using equivalent 


displacement and mortality rates there is considered to be no difference in assessment terms 


between the apportioned displacement mortality predicted using the alternative analysis and the 


mortality presented in the RIAA (Table 1.18). 


Table 1.18: Displacement mortality for razorbill at FFC SPA as predicted in the Hornsea Three RIAA (APP-
051) 


Season Apportioning rate (%) 
Displacement mortality 


(no. of birds) as 
presented in the RIAA 


Displacement mortality 
using the alternative 


analysis 


Breeding (adult birds) - 0 0 


Breeding (immature 
birds) 


- Not quantified Unknown 


Post-breeding 3.4 1 0-5 


Non-breeding 2.7 0 0-10 


Pre-breeding 3.4 0 0-4 


 


 Conclusion 


When comparing the displacement mortality associated with the EIA assessment ( 


 


 


 Table 1.16) there appears to be a difference between the Applicant’s position and the alternative 


analysis. However, the upper end of the impact range using the alternative analysis is based on 


very conservative assumptions. In addition, the populations against which these impacts are 


assessed is large and therefore, in assessment terms, it is considered that there would be no 


difference in terms of the assessment conclusions reached. 


 In terms of the RIAA assessment it is not known what apportioning value Natural England would 


apply for impacts on immature birds however, there is considered to be no difference in 


assessment terms between the impacts predicted in the breeding season for adult birds and in the 


non-breeding season with the upper end of the impact range using the alternative analysis again 


considered to be based on very conservative assumptions. 
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 Puffin 


 Mean-peak populations 


 The seasonal mean-peak populations for the alternative analysis for puffin calculated in Table 1.3 


are presented alongside the seasonal mean-peak populations used to inform the assessments in 


Volume 2, Chapter 5: Offshore Ornithology (APP-065) and the RIAA (APP-051) in Table 1.19. 


Table 1.19: Seasonal mean-peak populations for puffin 


Approach to seasonality 
and data used 


Season 


Breeding Non-breeding 


Application 253 127 


Alternative analysis 253 77 


 


 The breeding season mean-peak population calculated for puffin is identical for both approaches. 


In the non-breeding season the population differs due to the difference in seasonal approaches 


with the peak non-breeding population in the Applicant’s approach occurring in a breeding month 


when the alternative analysis approach to seasonality is applied. 


 Displacement mortality 


 Natural England have not provided any guidance in relation to the displacement and mortality rates 


to use for puffin that can be used to inform the alternative analysis in their examination 


submissions for Hornsea Three. Guidance in relation to displacement provided by JNCC et al. 


(2017) suggests that for auk species the SNCBs would typically advise a displacement rate range 


of 30-70%. This range has been applied in the alternative analysis and is consistent with the rates 


recommended and applied previously by Natural England (Natural England, 2015d). Natural 


England have previously recommended and applied a mortality rate range of 1-10% (Natural 


England, 2015d) for puffin and this range is used for the alternative analysis. 


 For the assessments presented in Volume 2, Chapter 5: Offshore Ornithology (APP-065) and the 


RIAA (APP-051) the Applicant undertook a literature review to identify evidence based 


displacement and mortality rates. Based on this review the Applicant applied a displacement rate 


of 50% and a mortality rate range of 2-10% in the breeding season and 1% in the non-breeding 


season. 


 The seasonal displacement mortalities for puffin calculated using the mean-peak populations 


presented in Table 1.19 are presented in Table 1.20 using the respective displacement and 


mortality rates previously applied in the alternative analysis and applied by the Applicant in Volume 


2, Chapter 5: Offshore Ornithology (APP-065) and the RIAA (APP-051). Seasonal displacement 


matrices for puffin using the density and seasonality approach applied in the alternative analysis 


are presented in Table 1.45 and Table 1.46 of Appendix A. Displacement matrices for the 


Applicant’s approach to density and seasonality are presented in Volume 5, Annex 5.2: Analysis of 


Displacement Impacts on Seabirds (APP-108). 
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Table 1.20: Displacement mortality for puffin using the alternative analysis and as presented in APP-065 


Season 
Density data and seasonality approach 


Alternative analysis  Applicant 


Breeding 1-18 3-13 


Non-breeding 0-5 1 


 


 Apportioning 


 Apportioning of displacement mortality to FFC SPA is presented in Table 1.21 using the approach 


to density data and seasonality applied in the alternative analysis. For the non-breeding seasons, 


the appropriate apportioning value has been obtained using the data presented in Furness (2015). 


In the breeding season a range of apportioning values  


 In the breeding season it is considered highly unlikely that breeding adult birds from FFC SPA will 


be present at Hornsea Three (see APP-054). However, there is potential for immature birds that 


may recruit to FFC SPA to be present at Hornsea Three. Due to the uncertainty associated with 


the apportioning of immature birds to individual breeding colonies, a range of apportioning values 


are presented in Table 1.21. In the breeding season a range of apportioning values have been 


applied following Natural England’s proposed approach in their Written Representations (REP1-


211). Natural England have provided no guidance as to where in this range they would base their 


assessment. The apportioning values applied for puffin are therefore: 


• Breeding season = 0-100%; 


• Post-breeding season = 0.4% 
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Table 1.21: Seasonal apportioning of displacement mortality for puffin at FFC SPA as calculated using the alternative analysis 


Season 
Displacement 


rate (%) 
Mortality 
rate (%) 


Apportioning rate (%) 


0.4 10 20 30 40 50 60 70 80 90 100 


Breeding 
70 10  2 4 5 7 9 11 12 14 16 18 


30 1  0 0 0 0 0 0 1 1 1 1 


Non-
breeding 


70 10 0           


30 1 0           
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 Comparison with the Applicant’s approach 


 The impacts predicted by the Applicant in the RIAA (APP-051) are presented in Table 1.22 


alongside those presented using the alternative analysis (i.e. Table 1.21). Using equivalent 


displacement and mortality rates there is considered to be no difference in assessment terms 


between the apportioned displacement mortality predicted using the approach presented above 


(i.e. the use of aerial survey data only) and the mortality presented in Table 1.23. 


Table 1.22: Displacement mortality for puffin at FFC SPA as predicted in the Hornsea Three RIAA (APP-051) 


Season Apportioning rate (%) 
Displacement mortality 


(no. of birds) as 
presented in the RIAA 


Displacement mortality 
using the alternative 


analysis 


Breeding (adult birds) 0 0 Unknown 


Breeding (immature 
birds) 


- Not quantified Unknown 


Non-breeding 0.4 0 0 


 


 Conclusion 


 There is considered to be no difference in assessment terms between the displacement mortality 


calculated using the alternative analysis and the approach applied by the Applicant in Volume 2, 


Chapter 5: Offshore Ornithology (APP-065) and the RIAA (APP-051).  


 


 Collision risk modelling 


 Overview 


 This section provides collision risk estimates calculated using the approach to collision risk 


modelling applied as part of the alternative analysis (see Table 1.2 for an overview). Also provided 


is a comparison between these alternative collision risk estimates and those presented in Volume 


2, Chapter 5: Offshore Ornithology (APP-065) and, for relevant species, the RIAA (APP-051). The 


methodology used to obtain the collision risk estimates presented in Volume 2, Chapter 5: 


Offshore Ornithology (APP-065) and, for relevant species, the RIAA (APP-051) is presented in 


Volume 5, Annex 5.3: Collision Risk Modelling (APP-109). 


 Methodology for collision risk modelling using the alternative analysis 


 The underlying methodology used for collision risk modelling (i.e. the use of the Band (2012) CRM) 


is consistent with that described in Volume 5, Annex 5.3: Collision Risk Modelling (APP-109). 


 Volume 5, Annex 5.3: Collision Risk Modelling (APP-109) identifies those species considered for 


displacement impacts in both Volume 2, Chapter 5: Offshore Ornithology (APP-065) and the RIAA 


(APP-051): 
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• Gannet; 


• Kittiwake; 


• Lesser black-backed gull; and 


• Great black-backed gull. 


 Following a request from the RSPB the Applicant also undertook collision risk modelling for herring 


gull (REP1-189) and this species is also included here. 


 The species parameters used for collision risk modelling, following the alternative analysis are 


presented in Table 1.23. 


Table 1.23: Seabird parameters used for collision risk modelling using the alternative analysis. 


Parameter Source Gannet Kittiwake 
Lesser 
black-


backed gull 


Herring 
gull 


Great black-
backed gull 


Bird length 
(m) 


Robinson 
(2017) 


0.94 0.39 0.58 0.60 0.71 


Wingspan (m) 
Robinson 
(2017) 


1.72 1.08 1.42 1.44 1.58 


Flight speed 
(m/s) 


Pennycuick 
(1987) or 
Alerstam 
(2007) 


14.9 13.1 13.1 12.8 13.7 


Nocturnal 
activity factor  


Natural 
England’s 
Written 
Representation 
(REP1-211) 


1-2 2-3 2-3 2-3 2-3 


Flight type N/A Flapping Flapping Flapping Flapping Flapping 


Proportion of 
flights upwind 


N/A 50 50 50 50 50 


Avoidance 
rate (Basic 
model) (%) 


Cook et al. 
(2014) 


JNCC et al. 
(2014) 


98.9 (±0.2) 
98.9 (±0.2) 


99.2 (±0.2) 
99.5 (±0.1) 


99.5 
(±0.1) 


99.5 (±0.1) 


Avoidance 
rate 
(Extended 
model) (%) 


Cook et al. 
(2014)  


98.0 98.0 98.9 (±0.2) 
99.0 


(±0.2) 
98.9 (±0.2) 


 


 The species accounts for each species presented below present collision risk estimates using the 


following density data scenarios: 
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• Mean estimate; 


• Upper confidence limit; 


• Lower confidence limits; and 


• Mean estimate (April to November) and upper confidence limit (December to March) (termed 


mean estimate + UCL). 


 The mean estimate and upper confidence limit density scenario (mean estimate + UCL) follows the 


methodology proposed by Natural England (i.e. to use the upper confidence limits for those 


months for which only one survey was undertaken). For the months April to November the mean 


estimate from the two surveys conducted in these months is used. For the months December to 


March the density associated with the upper confidence limit calculated from the survey data 


collected in these months is applied. The mean values for the months April to November are 


calculated by averaging the density data for each of the respective surveys undertaken in those 


months. Monthly confidence limits are calculated following the approach described in Volume 5, 


Annex 5.4: Data Hierarchy Report (APP-110). 


Table 1.24: Density data used for collision risk modelling 


Species Metric Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar 


Gannet 


LCL 0.05 0.00 0.02 0.16 0.20 0.10 0.31 0.07 0.34 0.00 0 0.03 


Mean 0.09 0.02 0.05 0.25 0.34 0.16 0.43 0.12 0.59 0.02 0 0.08 


Mean+UCL 0.09 0.02 0.05 0.25 0.34 0.16 0.43 0.12 0.86 0.04 0 0.14 


UCL 0.13 0.03 0.09 0.34 0.49 0.22 0.54 0.16 0.86 0.04 0 0.14 


Kittiwake 


LCL 0.95 0.76 0.22 1.15 0.45 0.69 0.23 0.41 1.15 0.27 0.06 0.69 


Mean 1.47 1.15 0.34 1.91 0.60 1.17 0.31 0.51 1.95 0.47 0.18 1.34 


Mean+UCL 1.47 1.15 0.34 1.91 0.60 1.17 0.31 0.51 2.98 0.69 0.37 2.30 


UCL 2.00 1.54 0.45 2.66 0.75 1.65 0.39 0.60 2.98 0.69 0.37 2.30 


Lesser 
black-
backed 
gull 


LCL 0.00 0.00 0.09 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 


Mean 0.02 0.01 0.21 0.14 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 


Mean+UCL 0.02 0.01 0.21 0.14 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 


UCL 0.04 0.02 0.34 0.24 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 


Herring 
gull 


LCL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 


Mean 0.00 0.00 0.01 0.01 0.00 0.06 0.00 0.00 0.1 0.00 0.04 0.00 


Mean+UCL 0.00 0.00 0.01 0.01 0.00 0.06 0.00 0.00 0.18 0.00 0.08 0.00 


UCL 0.00 0.00 0.04 0.03 0.00 0.12 0.00 0.00 0.18 0.00 0.08 0.00 


Great 
black-


LCL 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.11 0.27 0.03 0.00 0.00 


Mean 0.01 0.00 0.02 0.25 0.02 0.09 0.08 0.15 0.46 0.13 0.04 0.03 
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Species Metric Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar 


backed 
gull 


Mean+UCL 0.01 0.00 0.02 0.25 0.02 0.09 0.08 0.15 0.69 0.26 0.08 0.07 


UCL 0.02 0.00 0.04 0.49 0.04 0.18 0.12 0.20 0.69 0.26 0.08 0.07 


 


 As shown in Table 1.24: Density data used for collision risk modelling 


  there is no difference between the densities presented for the mean-estimate scenario and the 


mean estimate + UCL scenario for lesser black-backed gull due to no lesser black-backed gulls 


being recorded in aerial surveys between September and March. As such, only a mean estimate 


scenario is presented. 


 The methodology applied for collision risk modelling withstanding those aspects of the 


methodology identified are consistent with that presented in Volume 5, Annex 5.3: Collision Risk 


Modelling (APP-109). This includes the turbine parameters used for Hornsea Three. 


 Species accounts 


 Gannet 


 Annual collision risk estimates 


 Annual collision risk estimates for gannet utilising all Band model Options and appropriate 


avoidance rates are presented in Table 1.25 with these calculated using the alternative analysis. 


Collision risk estimates incorporating the uncertainty associated with density data, flight height data 


and avoidance rates are presented in Appendix B. Also presented in Table 1.25 are those collision 


risk estimates used to inform assessments in Volume 2, Chapter 5: Offshore Ornithology (APP-


065). 


Table 1.25: Annual collision risk estimates for gannet incorporating variability around density data 


Band model Option 
(avoidance rate) 


Nocturnal activity 
factor 


Applicant’s 
position 


Alternative analysis 


As at application 
(APP-065) 


Mean estimate 
Mean estimate + 
UCL (Dec to Mar) 


Option 1 (98.9%) 
1 17 17 20 


2 N/A 22 25 


Option 2 (98.9%) 
1 37 38 43 


2 N/A 49 56 


Option 3 (98%) 
1 15 16 18 


2 N/A 20 23 


 







 
 Alternative analysis 
 January 2019 
 


 37  


 Apportioning 


 Apportioning of collision risk estimates to FFC SPA calculated using the alternative analysis is 


presented in Table 1.26 alongside those apportioned collision risk estimates used to inform 


assessments presented in the RIAA (APP-051). For the post-breeding and pre-breeding season, 


the appropriate apportioning value has been obtained using the data presented in Furness (2015). 


In the breeding season a range of apportioning values have been applied following Natural 


England’s proposed approach, albeit for kittiwake and puffin, in their Written Representations 


(REP1-211). Natural England have indicated that their preference is that age class data should be 


used to identify adult type birds and this used to inform a range of adult apportioning values. The 


apportioning values applied for gannet are therefore: 


• Breeding season = 0-72.8% including: 


○ 40.4% - Applicant’s approach (see APP-054); 


○ 72.8% - the proportion of adult birds from aerial survey data using the Applicant’s 


seasonal approach; 


○ 46.5% - the proportion of adult birds from boat-based survey data using the alternative 


analysis seasonal approach; and 


○ 63.3% - the proportion of adult birds from aerial survey data using the alternative 


analysis seasonal approach. 


• Post-breeding season = 4.8%; and 


• Pre-breeding season = 6.2%. 
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Table 1.26: Apportioned collision risk estimates for gannet at FFC SPA applying the alternative analysis 


Band 
model 
Option 


Nocturnal activity 
factor 


Density 
scenario 


Seasonal apportioning rate(s) (%) 


Total Post-
breeding 


Pre-
breeding 


Breeding 


4.8 6.2 10 20 30 40.4 46.5 63.3 72.8 


Option 1 


1 


Application 0 0 - - - 3 - - - 4 


Mean 0 0 1 2 3 4 5 6 7 1-8 


Mean+UCL 0 0 1 2 3 4 5 7 8 2-8 


2 
Mean 0 0 1 2 4 5 6 7 9 2-9 


Mean+UCL 0 0 1 2 4 5 6 8 9 2-10 


Option 2 


1 


Application 1 0 - - - 7 - - - 8 


Mean 0 0 2 4 7 9 10 14 16 3-17 


Mean+UCL 0 1 2 5 7 10 11 15 17 3-18 


2 
Mean 1 1 3 5 8 10 12 16 19 4-20 


Mean+UCL 1 1 3 5 8 11 13 17 20 4-22 


Option 3 


1 


Application 0 0 - - - 3 - - - 3 


Mean 0 0 1 2 3 4 4 6 7 1-7 


Mean+UCL 0 0 1 2 3 4 5 6 7 1-8 


2 
Mean 0 0 1 2 3 4 5 7 8 2-8 


Mean+UCL 0 0 1 2 3 5 5 7 8 2-9 
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 Conclusion 


 When applying consistent nocturnal activity factors and model Options, the differences between 


the collision risk estimates presented in Table 1.25 and Table 1.26 are not considered to be 


different in assessment terms, with the exception of Option 2. However, it is considered that Option 


2 does not provide representative collision risk estimates in relation to the flight behaviour of birds 


at Hornsea Three either when applying the Applicant’s approach or the alternative analysis. 


 Kittiwake 


 Annual collision risk estimates 


 Annual collision risk estimates for kittiwake utilising all Band model Options and appropriate 


avoidance rates are presented in Table 1.27. Collision risk estimates incorporating the uncertainty 


associated with density data, flight height data and avoidance rates are presented in Appendix B. 


Table 1.27: Annual collision risk estimates for kittiwake incorporating variability around density data 


Band model Option 
(avoidance rate) 


Nocturnal activity 
factor 


Applicant’s 
position 


Alternative analysis 


As at application 
(APP-065) 


Mean estimate 
Mean estimate + 
UCL (Dec to Mar) 


Option 1 (98.9%) 
2 45 48 56 


3 N/A 57 68 


Option 1 (99.2%) 
2 33 35 41 


3 N/A 41 49 


Option 2 (98.9%) 
2 238 251 296 


3 N/A 297 355 


Option 2 (99.2%) 
2 173 182 215 


3 N/A 216 258 


Option 3 (98%) 
2 83 87 103 


3 N/A 103 124 
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 Apportioning 


 Apportioning of collision mortality to FFC SPA using the alternative analysis is presented in Table 


1.28 alongside those apportioned collision risk estimates used to inform assessments presented in 


the RIAA (APP-051). For the post-breeding and pre-breeding season, the appropriate apportioning 


value has been obtained using the data presented in Furness (2015). In the breeding season a 


range of apportioning values have been applied following Natural England’s proposed approach in 


their Written Representations (REP1-211). Natural England have indicated that their preference is 


that age class data should be used to identify adult type birds and this used to inform a range of 


adult apportioning values. The apportioning values applied for kittiwake are therefore: 


• Breeding season = 0-95.3% incorporating: 


○ 41.7% - the proportion of adult birds from boat-based survey data using the age 


structure approach and the Applicant’s approach to seasonality (i.e. the Applicant’s 


apportioning value (see APP-054)); 


○ 37.4% - the proportion of adult birds from boat-based survey data using the age 


structure approach and the alternative analysis approach to seasonality; 


○ 77.5% - the proportion of adult birds from boat-based survey data using the Applicant’s 


approach to seasonality; 


○ 75.8% - the proportion of adult birds from boat-based survey data using the alternative 


analysis approach to seasonality; 


○ 87.9% - proportion of adult birds from aerial survey data applying the age structure 


apportioning approach and the Applicant’s approach to seasonality; 


○ 82.2% - proportion of adult birds from aerial survey data applying the age structure 


apportioning approach and the alternative analysis approach to seasonality; 


○ 95.3% - the proportion of adult birds from aerial survey data using the Applicant’s 


approach to seasonality; and 


○ 93.1% - the proportion of adult birds from aerial survey data using the alternative 


analysis approach to seasonality. 


• Post-breeding season = 5.4%; and 


• Pre-breeding season = 7.2%. 
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Table 1.28: Apportioned collision risk estimates for kittiwake at FFC SPA 


Band 
model 
Option 


(avoidance 
rate) 


Nocturnal 
activity factor 


Density 
scenario 


Seasonal apportioning rate(s) (%) 


Total Post-
breeding 


Pre-
breeding 


Breeding 


5.4 7.2 10 20 37.4 41.7 75.8 77.5 82.2 87.9 93.1 95.3 


Option 1 
(98.9%) 


2 


Application 1 1 - - - 10 - - - - - - 11 


Mean 1 0 3 6 12 13 24 24 26 28 29 30 4-31 


Mean+UCL 1 0 4 7 13 15 27 27 29 31 33 34 5-35 


3 
Mean 1 0 4 7 13 15 27 28 29 31 33 34 5-35 


Mean+UCL 1 0 4 8 15 17 31 31 33 36 38 38 6-40 


Option 1 
(99.2%) 


2 


Application 1 0 - - - 7 - - - - - - 8 


Mean 1 0 2 5 9 10 17 18 19 20 21 22 3-22 


Mean+UCL 1 0 3 5 10 11 19 20 21 23 24 25 3-25 


3 
Mean 1 0 3 5 10 11 20 20 21 23 24 25 3-26 


Mean+UCL 1 0 3 6 11 12 22 23 24 26 27 28 4-29 


Option 2 
(98.9%) 


2 


Application 4 3 - - - 51 - - - - - - 58 


Mean 5 1 19 38 70 78 142 145 154 165 175 179 21-162 


Mean+UCL 6 2 21 42 79 89 161 165 175 187 198 202 25-184 


3 
Mean 4 1 17 33 62 69 125 128 136 145 154 158 25-185 


Mean+UCL 5 1 19 37 70 78 141 144 153 163 173 177 29-211 
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Band 
model 
Option 


(avoidance 
rate) 


Nocturnal 
activity factor 


Density 
scenario 


Seasonal apportioning rate(s) (%) Total 


Option 2 
(98.9%) 


2 


Application 3 2 - - - 37 - - - - - - 42 


Mean 3 1 12 24 45 50 91 93 99 106 112 115 16-118 


Mean+UCL 4 1 14 27 51 56 103 105 111 119 126 129 18-133 


3 
Mean 4 1 14 27 51 57 103 106 112 120 127 130 18-134 


Mean+UCL 5 1 15 31 58 64 117 120 127 136 144 147 21-153 


Option 3 
(98%) 


2 


Application 1 1 - - - 20 - - - - - - 20 


Mean 1 0 6 12 22 24 44 45 47 51 54 55 7-57 


Mean+UCL 2 0 6 13 24 27 49 50 53 57 60 62 9-64 


3 
Mean 2 0 7 13 24 27 49 51 54 57 61 62 9-64 


Mean+UCL 2 1 7 15 28 31 56 57 61 65 69 70 10-73 
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 Conclusion 


 When applying consistent nocturnal activity factors, the differences between the collision risk 


estimates presented in Table 1.25 are not considered to be different in assessment terms, with the 


exception of Option 2. However, it is considered that Option 2 does not provide representative 


collision risk estimates in relation to the flight behaviour of birds at Hornsea Three when using 


either the Applicant’s approach or the alternative analysis. 


 In Table 1.26, there is a degree of difference between the collision risk estimates presented. 


However, these differences occur due to the use of breeding season apportioning values that do 


not reflect the behaviour of birds from FFC SPA. If biologically representative apportioning values 


are presented then there are minimal differences between the collision risk estimates presented 


when using consistent nocturnal activity factors, model Options and avoidance rates. 


 


 Lesser black-backed gull 


 Annual collision risk estimates 


 Annual collision risk estimates for lesser black-backed gull utilising all Band model Options and 


appropriate avoidance rates are presented in Table 1.29. Collision risk estimates incorporating the 


uncertainty associated with density data, flight height data and avoidance rates are presented in 


Appendix B. Also presented in Table 1.29 are those collision risk estimates used to inform 


assessments in Volume 2, Chapter 5: Offshore Ornithology (APP-065). 


Table 1.29: Annual collision risk estimates for lesser black-backed gull 


Band model Option 
(avoidance rate) 


Nocturnal activity factor 


Applicant’s position Alternative analysis 


As at application 
Mean estimate/Mean 
estimate + UCL 


Option 1 (99.5%) 
2 N/A 13 


3 14 14 


Option 2 (99.5%) 
2 N/A 16 


3 17 17 


Option 3 (98.9%) 
2 N/A 10 


3 12 12 


 


 Conclusion 


 There is no difference between the collision risk estimates presented in Table 1.29 when using 


consistent nocturnal activity factors and model Options as the density data used are identical. 







 
 Alternative analysis 
 January 2019 
 


 45  


 Herring gull 


 Annual collision risk estimates 


 Annual collision risk estimates for herring gull utilising all Band model Options and appropriate 


avoidance rates are presented in Table 1.30. Collision risk estimates incorporating the uncertainty 


associated with density data, flight height data and avoidance rates are presented in Appendix B. 


Also presented in Table 1.30 are those collision risk estimates presented in Appendix 12 to the 


Applicant’s submission at Deadline 1 (REP1-189). 


Table 1.30: Annual collision risk estimates for herring gull 


Band model Option 
(avoidance rate) 


Nocturnal activity 
factor 


Applicant’s 
position 


Alternative analysis 


As presented in 
REP1-189 


Mean estimate 
Mean estimate + 
UCL (Dec to Mar) 


Option 1 (99.5%) 
2 N/A 5 8 


3 6 7 10 


Option 2 (99.5%) 
2 N/A 7 11 


3 8 9 14 


Option 3 (98.9%) 
2 N/A 5 7 


3 6 6 10 


 


 Conclusion 


 There is considered to be no difference in assessment terms between the collision risk estimates 


presented in Table 1.30 when using consistent nocturnal activity factors and model Options. 


 Great black-backed gull 


 Annual collision risk estimates 


Annual collision risk estimates for great black-backed gull utilising all Band model Options and 
appropriate avoidance rates are presented in  


 


 


 


 


Table 1.31. Collision risk estimates incorporating the uncertainty associated with density data, flight height 
data and avoidance rates are presented in Appendix B. Also presented in  
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 Table 1.31 are those collision risk estimates used to inform assessments in Volume 2, Chapter 5: 


Offshore Ornithology (APP-065). 


 


 


 


 


 


Table 1.31: Annual collision risk estimates for great black-backed gull 


Band model Option 
(avoidance rate) 


Nocturnal activity 
factor 


Applicant’s 
position 


Alternative analysis 


As at application Mean estimate 
Mean estimate + 
UCL (Dec to Mar) 


Option 1 (99.5%) 
2 N/A 26 33 


3 32 32 42 


Option 2 (99.5%) 
2 N/A 53 69 


3 66 66 87 


Option 3 (98.9%) 
2 N/A 42 55 


3 52 52 69 


 


 Conclusion 


 There is no difference between the collision risk estimates presented in Table 1.30 calculated 


using the mean estimate density scenario and those presented in the application when using 


consistent nocturnal activity factors and model Options. The collision risk estimates calculated 


using the mean estimate + UCL scenario are higher than other collision risk estimates presented in 


Table 1.30. 
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 Appendix A – Seasonal displacement matrices 


 Fulmar 


Table 1.32: Displacement mortality for fulmar in the breeding season calculated applying the alternative analysis 


 Mortality rate (%) 


Displaced (%) 1 2 5 10 20 30 40 50 60 70 80 90 100 


10 1 3 7 14 28 43 57 71 85 100 114 128 142 


20 3 6 14 28 57 85 114 142 171 199 228 256 285 


30 4 9 21 43 85 128 171 213 256 299 341 384 427 


40 6 11 28 57 114 171 228 285 341 398 455 512 569 


50 7 14 36 71 142 213 285 356 427 498 569 640 711 


60 9 17 43 85 171 256 341 427 512 597 683 768 854 


70 10 20 50 100 199 299 398 498 597 697 797 896 996 


80 11 23 57 114 228 341 455 569 683 797 910 1024 1138 


90 13 26 64 128 256 384 512 640 768 896 1024 1152 1280 


100 14 28 71 142 285 427 569 711 854 996 1138 1280 1423 
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Table 1.33: Displacement mortality for fulmar in the post-breeding season calculated applying the alternative analysis 


 Mortality rate (%) 


Displaced (%) 1 2 5 10 20 30 40 50 60 70 80 90 100 


10 1 2 5 10 20 29 39 49 59 68 78 88 98 


20 2 4 10 20 39 59 78 98 117 137 156 176 195 


30 3 6 15 29 59 88 117 146 176 205 234 264 293 


40 4 8 20 39 78 117 156 195 234 273 312 352 391 


50 5 10 24 49 98 146 195 244 293 342 391 439 488 


60 6 12 29 59 117 176 234 293 352 410 469 527 586 


70 7 14 34 68 137 205 273 342 410 479 547 615 684 


80 8 16 39 78 156 234 312 391 469 547 625 703 781 


90 9 18 44 88 176 264 352 439 527 615 703 791 879 


100 10 20 49 98 195 293 391 488 586 684 781 879 977 
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Table 1.34: Displacement mortality for fulmar in the non-breeding season calculated applying the alternative analysis 


 Mortality rate (%) 


Displaced (%) 1 2 5 10 20 30 40 50 60 70 80 90 100 


10 0 1 2 4 7 11 14 18 21 25 28 32 35 


20 1 1 4 7 14 21 28 35 42 49 56 63 70 


30 1 2 5 11 21 32 42 53 63 74 85 95 106 


40 1 3 7 14 28 42 56 70 85 99 113 127 141 


50 2 4 9 18 35 53 70 88 106 123 141 159 176 


60 2 4 11 21 42 63 85 106 127 148 169 190 211 


70 2 5 12 25 49 74 99 123 148 173 197 222 247 


80 3 6 14 28 56 85 113 141 169 197 226 254 282 


90 3 6 16 32 63 95 127 159 190 222 254 285 317 


100 4 7 18 35 70 106 141 176 211 247 282 317 352 
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Table 1.35: Displacement mortality for fulmar in the pre-breeding season calculated applying the alternative analysis 


 Mortality rate (%) 


Displaced (%) 1 2 5 10 20 30 40 50 60 70 80 90 100 


10 1 2 4 9 18 27 36 45 53 62 71 80 89 


20 2 4 9 18 36 53 71 89 107 125 142 160 178 


30 3 5 13 27 53 80 107 134 160 187 214 240 267 


40 4 7 18 36 71 107 142 178 214 249 285 320 356 


50 4 9 22 45 89 134 178 223 267 312 356 401 445 


60 5 11 27 53 107 160 214 267 320 374 427 481 534 


70 6 12 31 62 125 187 249 312 374 436 498 561 623 


80 7 14 36 71 142 214 285 356 427 498 570 641 712 


90 8 16 40 80 160 240 320 401 481 561 641 721 801 


100 9 18 45 89 178 267 356 445 534 623 712 801 890 
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 Gannet 


Table 1.36: Displacement mortality for gannet in the breeding season calculated applying the alternative analysis 


 Mortality rate (%) 


Displaced (%) 1 2 5 10 20 30 40 50 60 70 80 90 100 


10 1 3 7 13 27 40 53 67 80 93 107 120 133 


20 3 5 13 27 53 80 107 133 160 187 213 240 267 


30 4 8 20 40 80 120 160 200 240 280 320 360 400 


40 5 11 27 53 107 160 213 267 320 373 427 480 533 


50 7 13 33 67 133 200 267 333 400 467 533 600 667 


60 8 16 40 80 160 240 320 400 480 560 640 720 800 


70 9 19 47 93 187 280 373 467 560 653 747 840 933 


80 11 21 53 107 213 320 427 533 640 747 853 960 1066 


90 12 24 60 120 240 360 480 600 720 840 960 1080 1200 


100 13 27 67 133 267 400 533 667 800 933 1066 1200 1333 
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Table 1.37: Displacement mortality for gannet in the post-breeding season calculated applying the alternative analysis 


 Mortality rate (%) 


Displaced (%) 1 2 5 10 20 30 40 50 60 70 80 90 100 


10 1 2 5 10 20 30 39 49 59 69 79 89 98 


20 2 4 10 20 39 59 79 98 118 138 157 177 197 


30 3 6 15 30 59 89 118 148 177 207 236 266 295 


40 4 8 20 39 79 118 157 197 236 276 315 354 394 


50 5 10 25 49 98 148 197 246 295 344 394 443 492 


60 6 12 30 59 118 177 236 295 354 413 472 531 591 


70 7 14 34 69 138 207 276 344 413 482 551 620 689 


80 8 16 39 79 157 236 315 394 472 551 630 709 787 


90 9 18 44 89 177 266 354 443 531 620 709 797 886 


100 10 20 49 98 197 295 394 492 591 689 787 886 984 
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Table 1.38: Displacement mortality for gannet in the pre-breeding season calculated applying the alternative analysis 


 Mortality rate (%) 


Displaced (%) 1 2 5 10 20 30 40 50 60 70 80 90 100 


10 1 2 6 12 23 35 46 58 69 81 92 104 115 


20 2 5 12 23 46 69 92 115 138 161 184 207 230 


30 3 7 17 35 69 104 138 173 207 242 276 311 345 


40 5 9 23 46 92 138 184 230 276 322 368 414 461 


50 6 12 29 58 115 173 230 288 345 403 461 518 576 


60 7 14 35 69 138 207 276 345 414 484 553 622 691 


70 8 16 40 81 161 242 322 403 484 564 645 725 806 


80 9 18 46 92 184 276 368 461 553 645 737 829 921 


90 10 21 52 104 207 311 414 518 622 725 829 933 1036 


100 12 23 58 115 230 345 461 576 691 806 921 1036 1151 
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 Guillemot 


Table 1.39: Displacement mortality for guillemot in the breeding season calculated applying the alternative analysis 


 Mortality rate (%) 


Displaced (%) 1 2 5 10 20 30 40 50 60 70 80 90 100 


10 13 27 67 134 267 401 535 669 802 936 1070 1204 1337 


20 27 53 134 267 535 802 1070 1337 1605 1872 2140 2407 2675 


30 40 80 201 401 802 1204 1605 2006 2407 2809 3210 3611 4012 


40 53 107 267 535 1070 1605 2140 2675 3210 3745 4280 4815 5350 


50 67 134 334 669 1337 2006 2675 3344 4012 4681 5350 6018 6687 


60 80 160 401 802 1605 2407 3210 4012 4815 5617 6420 7222 8024 


70 94 187 468 936 1872 2809 3745 4681 5617 6553 7489 8426 9362 


80 107 214 535 1070 2140 3210 4280 5350 6420 7489 8559 9629 10699 


90 120 241 602 1204 2407 3611 4815 6018 7222 8426 9629 10833 12037 


100 134 267 669 1337 2675 4012 5350 6687 8024 9362 10699 12037 13374 
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Table 1.40: Displacement mortality for guillemot in the non-breeding season calculated applying the alternative analysis 


 Mortality rate (%) 


Displaced (%) 1 2 5 10 20 30 40 50 60 70 80 90 100 


10 19 38 96 192 383 575 767 959 1150 1342 1534 1726 1917 


20 38 77 192 383 767 1150 1534 1917 2301 2684 3068 3451 3835 


30 58 115 288 575 1150 1726 2301 2876 3451 4026 4602 5177 5752 


40 77 153 383 767 1534 2301 3068 3835 4602 5369 6136 6903 7669 


50 96 192 479 959 1917 2876 3835 4793 5752 6711 7669 8628 9587 


60 115 230 575 1150 2301 3451 4602 5752 6903 8053 9203 10354 11504 


70 134 268 671 1342 2684 4026 5369 6711 8053 9395 10737 12079 13422 


80 153 307 767 1534 3068 4602 6136 7669 9203 10737 12271 13805 15339 


90 173 345 863 1726 3451 5177 6903 8628 10354 12079 13805 15531 17256 


100 192 383 959 1917 3835 5752 7669 9587 11504 13422 15339 17256 19174 
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 Razorbill 


Table 1.41: Displacement mortality for razorbill in the breeding season calculated applying the alternative analysis 


 Mortality rate (%) 


Displaced (%) 1 2 5 10 20 30 40 50 60 70 80 90 100 


10 1 1 3 6 13 19 25 32 38 44 50 57 63 


20 1 3 6 13 25 38 50 63 76 88 101 113 126 


30 2 4 9 19 38 57 76 95 113 132 151 170 189 


40 3 5 13 25 50 76 101 126 151 176 202 227 252 


50 3 6 16 32 63 95 126 158 189 221 252 284 315 


60 4 8 19 38 76 113 151 189 227 265 303 340 378 


70 4 9 22 44 88 132 176 221 265 309 353 397 441 


80 5 10 25 50 101 151 202 252 303 353 403 454 504 


90 6 11 28 57 113 170 227 284 340 397 454 511 567 


100 6 13 32 63 126 189 252 315 378 441 504 567 630 
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Table 1.42: Displacement mortality for razorbill in the post-breeding season calculated applying the alternative analysis 


 Mortality rate (%) 


Displaced (%) 1 2 5 10 20 30 40 50 60 70 80 90 100 


10 2 4 10 20 40 61 81 101 121 141 162 182 202 


20 4 8 20 40 81 121 162 202 242 283 323 364 404 


30 6 12 30 61 121 182 242 303 364 424 485 546 606 


40 8 16 40 81 162 242 323 404 485 566 647 727 808 


50 10 20 51 101 202 303 404 505 606 707 808 909 1010 


60 12 24 61 121 242 364 485 606 727 849 970 1091 1212 


70 14 28 71 141 283 424 566 707 849 990 1131 1273 1414 


80 16 32 81 162 323 485 647 808 970 1131 1293 1455 1616 


90 18 36 91 182 364 546 727 909 1091 1273 1455 1637 1818 


100 20 40 101 202 404 606 808 1010 1212 1414 1616 1818 2020 
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Table 1.43: Displacement mortality for razorbill in the non-breeding season calculated applying the alternative analysis 


 Mortality rate (%) 


Displaced (%) 1 2 5 10 20 30 40 50 60 70 80 90 100 


10 5 10 25 50 100 151 201 251 301 352 402 452 502 


20 10 20 50 100 201 301 402 502 603 703 804 904 1005 


30 15 30 75 151 301 452 603 754 904 1055 1206 1356 1507 


40 20 40 100 201 402 603 804 1005 1206 1407 1608 1809 2009 


50 25 50 126 251 502 754 1005 1256 1507 1758 2009 2261 2512 


60 30 60 151 301 603 904 1206 1507 1809 2110 2411 2713 3014 


70 35 70 176 352 703 1055 1407 1758 2110 2462 2813 3165 3517 


80 40 80 201 402 804 1206 1608 2009 2411 2813 3215 3617 4019 


90 45 90 226 452 904 1356 1809 2261 2713 3165 3617 4069 4521 


100 50 100 251 502 1005 1507 2009 2512 3014 3517 4019 4521 5024 
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Table 1.44: Displacement mortality for razorbill in the pre-breeding season calculated applying the alternative analysis 


 Mortality rate (%) 


Displaced (%) 1 2 5 10 20 30 40 50 60 70 80 90 100 


10 2 4 9 18 35 53 70 88 105 123 140 158 175 


20 4 7 18 35 70 105 140 175 211 246 281 316 351 


30 5 11 26 53 105 158 211 263 316 368 421 474 526 


40 7 14 35 70 140 211 281 351 421 491 561 632 702 


50 9 18 44 88 175 263 351 439 526 614 702 789 877 


60 11 21 53 105 211 316 421 526 632 737 842 947 1053 


70 12 25 61 123 246 368 491 614 737 860 982 1105 1228 


80 14 28 70 140 281 421 561 702 842 982 1123 1263 1403 


90 16 32 79 158 316 474 632 789 947 1105 1263 1421 1579 


100 18 35 88 175 351 526 702 877 1053 1228 1403 1579 1754 
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 Puffin 


Table 1.45: Displacement mortality for puffin in the breeding season calculated applying the alternative analysis 


 Mortality rate (%) 


Displaced (%) 1 2 5 10 20 30 40 50 60 70 80 90 100 


10 0 1 1 3 5 8 10 13 15 18 20 23 25 


20 1 1 3 5 10 15 20 25 30 35 41 46 51 


30 1 2 4 8 15 23 30 38 46 53 61 68 76 


40 1 2 5 10 20 30 41 51 61 71 81 91 101 


50 1 3 6 13 25 38 51 63 76 89 101 114 127 


60 2 3 8 15 30 46 61 76 91 106 122 137 152 


70 2 4 9 18 35 53 71 89 106 124 142 160 177 


80 2 4 10 20 41 61 81 101 122 142 162 182 203 


90 2 5 11 23 46 68 91 114 137 160 182 205 228 


100 3 5 13 25 51 76 101 127 152 177 203 228 253 
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Table 1.46: Displacement mortality for puffin in the non-breeding season calculated applying the alternative analysis 


 Mortality rate (%) 


Displaced (%) 1 2 5 10 20 30 40 50 60 70 80 90 100 


10 0 0 0 1 2 2 3 4 5 5 6 7 8 


20 0 0 1 2 3 5 6 8 9 11 12 14 15 


30 0 0 1 2 5 7 9 12 14 16 19 21 23 


40 0 1 2 3 6 9 12 15 19 22 25 28 31 


50 0 1 2 4 8 12 15 19 23 27 31 35 39 


60 0 1 2 5 9 14 19 23 28 32 37 42 46 


70 1 1 3 5 11 16 22 27 32 38 43 49 54 


80 1 1 3 6 12 19 25 31 37 43 49 56 62 


90 1 1 3 7 14 21 28 35 42 49 56 62 69 


100 1 2 4 8 15 23 31 39 46 54 62 69 77 
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 Appendix B – Monthly collision risk results the alternative analysis 


 Gannet 


Table 1.47: Monthly collision risk estimates for gannet calculated using Option 1 of Band (2012) using 
confidence intervals associated with density and a nocturnal activity factor of 1. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98.7 0.11 0.00 0.83 1.05 0.22 0.73 3.39 4.23 1.64 3.84 0.82 3.77 


98.9 0.10 0.00 0.70 0.89 0.19 0.62 2.86 3.58 1.39 3.25 0.70 3.19 


99.1 0.08 0.00 0.57 0.73 0.15 0.51 2.34 2.93 1.14 2.66 0.57 2.61 


Density = Mean estimate + UCL 


98.7 0.29 0.00 1.43 1.05 0.22 0.73 3.39 4.23 1.64 3.84 0.82 5.50 


98.9 0.25 0.00 1.21 0.89 0.19 0.62 2.86 3.58 1.39 3.25 0.70 4.65 


99.1 0.20 0.00 0.99 0.73 0.15 0.51 2.34 2.93 1.14 2.66 0.57 3.81 


Density = Upper confidence limit 


98.7 0.29 0.00 1.43 1.49 0.40 1.19 4.54 6.00 2.25 4.85 1.15 5.50 


98.9 0.25 0.00 1.21 1.26 0.34 1.01 3.84 5.08 1.90 4.10 0.98 4.65 


99.1 0.20 0.00 0.99 1.03 0.28 0.82 3.14 4.15 1.56 3.36 0.80 3.81 


Density = Lower confidence limit 


98.7 0.00 0.00 0.29 0.60 0.04 0.28 2.23 2.46 1.03 2.83 0.49 2.17 


98.9 0.00 0.00 0.24 0.51 0.03 0.23 1.89 2.08 0.87 2.40 0.42 1.84 


99.1 0.00 0.00 0.20 0.42 0.03 0.19 1.54 1.70 0.71 1.96 0.34 1.50 


 


Table 1.48: Monthly collision risk estimates for gannet calculated using Option 2 of Band (2012) using 
confidence intervals associated with density and a nocturnal activity factor of 1. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98.7 0.25 0.00 1.81 2.30 0.48 1.61 7.43 9.28 3.60 8.43 1.81 8.27 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


98.9 0.21 0.00 1.53 1.95 0.41 1.36 6.28 7.85 3.04 7.13 1.53 7.00 


99.1 0.17 0.00 1.26 1.59 0.33 1.11 5.14 6.42 2.49 5.83 1.25 5.73 


Density = Mean estimate + UCL 


98.7 0.64 0.00 3.15 2.30 0.48 1.61 7.43 9.28 3.60 8.43 1.81 12.06 


98.9 0.54 0.00 2.66 1.95 0.41 1.36 6.28 7.85 3.04 7.13 1.53 10.21 


99.1 0.45 0.00 2.18 1.59 0.33 1.11 5.14 6.42 2.49 5.83 1.25 8.35 


Density = Upper confidence limit 


98.7 0.64 0.00 3.15 3.28 0.88 2.61 9.96 13.16 4.93 10.64 2.53 12.06 


98.9 0.54 0.00 2.66 2.77 0.74 2.21 8.43 11.14 4.17 9.00 2.14 10.21 


99.1 0.45 0.00 2.18 2.27 0.61 1.81 6.90 9.11 3.41 7.36 1.75 8.35 


Density = Lower confidence limit 


98.7 0.00 0.00 0.63 1.32 0.08 0.61 4.89 5.40 2.27 6.22 1.08 4.77 


98.9 0.00 0.00 0.53 1.12 0.07 0.51 4.14 4.57 1.92 5.26 0.92 4.03 


99.1 0.00 0.00 0.44 0.92 0.06 0.42 3.38 3.74 1.57 4.30 0.75 3.30 


 


Table 1.49: Monthly collision risk estimates for gannet calculated using Option 3 of Band (2012) using 
confidence intervals associated with density and a nocturnal activity factor of 1. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98 0.09 0.00 0.64 0.81 0.17 0.57 2.61 3.26 1.26 2.96 0.63 2.91 


Density = Mean estimate + UCL 


98 0.23 0.00 1.11 0.81 0.17 0.57 2.61 3.26 1.26 2.96 0.63 4.24 


Density = Upper confidence limit 


98 0.23 0.00 1.11 1.15 0.31 0.92 3.50 4.62 1.73 3.74 0.89 4.24 


Density = Lower confidence limit 


98 0.00 0.00 0.22 0.46 0.03 0.21 1.72 1.90 0.80 2.18 0.38 1.68 
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Table 1.50: Monthly collision risk estimates for gannet calculated using Option 1 of Band (2012) using the 
mean estimate of density and confidence intervals associated with flight height distribution and a nocturnal 


activity factor of 1. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Mean estimate 


98.7 0.11 0.00 0.83 1.05 0.22 0.73 3.39 4.23 1.64 3.84 0.82 3.77 


98.9 0.10 0.00 0.70 0.89 0.19 0.62 2.86 3.58 1.39 3.25 0.70 3.19 


99.1 0.08 0.00 0.57 0.73 0.15 0.51 2.34 2.93 1.14 2.66 0.57 2.61 


PCH = Upper confidence metric 


98.7 0.34 0.00 2.48 3.15 0.66 2.20 10.16 12.69 4.92 11.53 2.47 11.32 


98.9 0.29 0.00 2.10 2.66 0.56 1.86 8.59 10.74 4.16 9.75 2.09 9.58 


99.1 0.23 0.00 1.72 2.18 0.46 1.52 7.03 8.78 3.41 7.98 1.71 7.83 


 


Table 1.51: Monthly collision risk estimates for gannet calculated using Option 1 of Band (2012) using the 
mean estimate + UCL of density and confidence intervals associated with flight height distribution and a 


nocturnal activity factor of 1. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Mean estimate 


98.7 0.29 0.00 1.43 1.05 0.22 0.73 3.39 4.23 1.64 3.84 0.82 5.50 


98.9 0.25 0.00 1.21 0.89 0.19 0.62 2.86 3.58 1.39 3.25 0.70 4.65 


99.1 0.20 0.00 0.99 0.73 0.15 0.51 2.34 2.93 1.14 2.66 0.57 3.81 


PCH = Upper confidence metric 


98.7 0.88 0.00 4.30 3.15 0.66 2.20 10.16 12.69 4.92 11.53 2.47 16.49 


98.9 0.74 0.00 3.64 2.66 0.56 1.86 8.59 10.74 4.16 9.75 2.09 13.96 


99.1 0.61 0.00 2.98 2.18 0.46 1.52 7.03 8.78 3.41 7.98 1.71 11.42 


 


Table 1.52: Monthly collision risk estimates for gannet calculated using Option 2 of Band (2012) using the 
mean estimate of density and confidence intervals associated with flight height distribution and a nocturnal 


activity factor of 1. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98.7 0.25 0.00 1.81 2.30 0.48 1.61 7.43 9.28 3.60 8.43 1.81 8.27 


98.9 0.21 0.00 1.53 1.95 0.41 1.36 6.28 7.85 3.04 7.13 1.53 7.00 


99.1 0.17 0.00 1.26 1.59 0.33 1.11 5.14 6.42 2.49 5.83 1.25 5.73 


Flight height distribution = Upper confidence metric 


98.7 0.55 0.00 4.02 5.10 1.07 3.57 16.46 20.56 7.97 18.68 4.01 18.34 


98.9 0.46 0.00 3.40 4.31 0.90 3.02 13.93 17.40 6.75 15.80 3.39 15.52 


99.1 0.38 0.00 2.78 3.53 0.74 2.47 11.39 14.24 5.52 12.93 2.77 12.70 


Flight height distribution = Lower confidence limit 


98.7 0.08 0.00 0.56 0.70 0.15 0.49 2.27 2.84 1.10 2.58 0.55 2.53 


98.9 0.06 0.00 0.47 0.60 0.12 0.42 1.92 2.40 0.93 2.18 0.47 2.14 


99.1 0.05 0.00 0.38 0.49 0.10 0.34 1.57 1.97 0.76 1.79 0.38 1.75 


 


Table 1.53: Monthly collision risk estimates for gannet calculated using Option 2 of Band (2012) using the 
mean estimate + UCL of density and confidence intervals associated with flight height distribution and a 


nocturnal activity factor of 1. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98.7 0.64 0.00 3.15 2.30 0.48 1.61 7.43 9.28 3.60 8.43 1.81 12.06 


98.9 0.54 0.00 2.66 1.95 0.41 1.36 6.28 7.85 3.04 7.13 1.53 10.21 


99.1 0.45 0.00 2.18 1.59 0.33 1.11 5.14 6.42 2.49 5.83 1.25 8.35 


Flight height distribution = Upper confidence metric 


98.7 1.43 0.00 6.97 5.10 1.07 3.57 16.46 20.56 7.97 18.68 4.01 26.73 


98.9 1.21 0.00 5.90 4.31 0.90 3.02 13.93 17.40 6.75 15.80 3.39 22.62 


99.1 0.99 0.00 4.83 3.53 0.74 2.47 11.39 14.24 5.52 12.93 2.77 18.51 


Flight height distribution = Lower confidence limit 


98.7 0.20 0.00 0.96 0.70 0.15 0.49 2.27 2.84 1.10 2.58 0.55 3.69 


98.9 0.17 0.00 0.81 0.60 0.12 0.42 1.92 2.40 0.93 2.18 0.47 3.12 


99.1 0.14 0.00 0.67 0.49 0.10 0.34 1.57 1.97 0.76 1.79 0.38 2.56 
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Table 1.54: Monthly collision risk estimates for gannet calculated using Option 3 of Band (2012) using the 
mean estimate of density and confidence intervals associated with flight height distribution and a nocturnal 


activity factor of 1. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98 0.09 0.00 0.64 0.81 0.17 0.57 2.61 3.26 1.26 2.96 0.63 2.91 


Flight height distribution = Upper confidence metric 


98 0.24 0.00 1.75 2.22 0.46 1.55 7.16 8.95 3.47 8.13 1.74 7.98 


Flight height distribution = Lower confidence limit 


98 0.02 0.00 0.15 0.19 0.04 0.14 0.63 0.79 0.30 0.71 0.15 0.70 


 


Table 1.55: Monthly collision risk estimates for gannet calculated using Option 3 of Band (2012) using the 
mean estimate + UCL of density and confidence intervals associated with flight height distribution and a 


nocturnal activity factor of 1. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98 0.23 0.00 1.11 0.81 0.17 0.57 2.61 3.26 1.26 2.96 0.63 4.24 


Flight height distribution = Upper confidence metric 


98 0.62 0.00 3.03 2.22 0.46 1.55 7.16 8.95 3.47 8.13 1.74 11.63 


Flight height distribution = Lower confidence limit 


98 0.05 0.00 0.27 0.19 0.04 0.14 0.63 0.79 0.30 0.71 0.15 1.02 


 


Table 1.56: Monthly collision risk estimates for gannet calculated using Option 1 of Band (2012) using 
confidence intervals associated with density and a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98.7 0.17 0.00 1.04 1.24 0.25 0.81 3.77 4.88 2.00 5.05 1.19 5.84 


98.9 0.14 0.00 0.88 1.05 0.21 0.68 3.19 4.13 1.69 4.28 1.01 4.94 


99.1 0.12 0.00 0.72 0.86 0.17 0.56 2.61 3.38 1.39 3.50 0.82 4.04 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate + UCL 


98.7 0.44 0.00 1.80 1.24 0.25 0.81 3.77 4.88 2.00 5.05 1.19 8.51 


98.9 0.37 0.00 1.53 1.05 0.21 0.68 3.19 4.13 1.69 4.28 1.01 7.20 


99.1 0.30 0.00 1.25 0.86 0.17 0.56 2.61 3.38 1.39 3.50 0.82 5.89 


Density = Upper confidence limit 


98.7 0.44 0.00 1.80 1.76 0.45 1.31 5.05 6.92 2.74 6.38 1.67 8.51 


98.9 0.37 0.00 1.53 1.49 0.38 1.11 4.28 5.86 2.32 5.40 1.41 7.20 


99.1 0.30 0.00 1.25 1.22 0.31 0.91 3.50 4.79 1.90 4.42 1.15 5.89 


Density = Lower confidence limit 


98.7 0.00 0.00 0.36 0.71 0.04 0.30 2.48 2.84 1.26 3.73 0.71 3.37 


98.9 0.00 0.00 0.31 0.60 0.04 0.26 2.10 2.40 1.07 3.15 0.60 2.85 


99.1 0.00 0.00 0.25 0.49 0.03 0.21 1.72 1.96 0.87 2.58 0.49 2.33 


 


Table 1.57: Monthly collision risk estimates for gannet calculated using Option 2 of Band (2012) using 
confidence intervals associated with density and a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98.7 0.37 0.00 2.28 2.71 0.54 1.77 8.26 10.71 4.39 11.09 2.61 12.81 


98.9 0.31 0.00 1.93 2.29 0.46 1.50 6.99 9.06 3.71 9.38 2.21 10.84 


99.1 0.26 0.00 1.58 1.88 0.37 1.23 5.72 7.41 3.04 7.68 1.81 8.87 


Density = Mean estimate + UCL 


98.7 0.96 0.00 3.96 2.71 0.54 1.77 8.26 10.71 4.39 11.09 2.61 18.68 


98.9 0.81 0.00 3.35 2.29 0.46 1.50 6.99 9.06 3.71 9.38 2.21 15.80 


99.1 0.67 0.00 2.74 1.88 0.37 1.23 5.72 7.41 3.04 7.68 1.81 12.93 


Density = Upper confidence limit 


98.7 0.96 0.00 3.96 3.86 0.99 2.88 11.09 15.19 6.01 13.99 3.66 18.68 


98.9 0.81 0.00 3.35 3.27 0.84 2.44 9.38 12.85 5.09 11.84 3.09 15.80 


99.1 0.67 0.00 2.74 2.67 0.69 1.99 7.68 10.51 4.16 9.69 2.53 12.93 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Lower confidence limit 


98.7 0.00 0.00 0.79 1.56 0.09 0.67 5.44 6.23 2.76 8.18 1.56 7.38 


98.9 0.00 0.00 0.67 1.32 0.08 0.57 4.60 5.27 2.34 6.92 1.32 6.25 


99.1 0.00 0.00 0.55 1.08 0.06 0.46 3.76 4.31 1.91 5.66 1.08 5.11 


 


Table 1.58: Monthly collision risk estimates for gannet calculated using Option 3 of Band (2012) using 
confidence intervals associated with density and a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98 0.13 0.00 0.80 0.95 0.19 0.62 2.90 3.76 1.54 3.89 0.92 4.50 


Density = Mean estimate + UCL 


98 0.34 0.00 1.39 0.95 0.19 0.62 2.90 3.76 1.54 3.89 0.92 6.56 


Density = Upper confidence limit 


98 0.34 0.00 1.39 1.36 0.35 1.01 3.89 5.33 2.11 4.92 1.28 6.56 


Density = Lower confidence limit 


98 0.00 0.00 0.28 0.55 0.03 0.23 1.91 2.19 0.97 2.87 0.55 2.59 


 


Table 1.59: Monthly collision risk estimates for gannet calculated using Option 1 of Band (2012) using the 
mean estimate of density and confidence intervals associated with flight height distribution and a nocturnal 


activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Mean estimate 


98.7 0.17 0.00 1.04 1.24 0.25 0.81 3.77 4.88 2.00 5.05 1.19 5.84 


98.9 0.14 0.00 0.88 1.05 0.21 0.68 3.19 4.13 1.69 4.28 1.01 4.94 


99.1 0.12 0.00 0.72 0.86 0.17 0.56 2.61 3.38 1.39 3.50 0.82 4.04 


PCH = Upper confidence metric 


98.7 0.50 0.00 3.12 3.71 0.74 2.43 11.30 14.64 6.00 15.16 3.57 17.52 


98.9 0.43 0.00 2.64 3.14 0.63 2.05 9.56 12.39 5.08 12.83 3.02 14.83 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


99.1 0.35 0.00 2.16 2.57 0.51 1.68 7.82 10.14 4.16 10.50 2.47 12.13 


 


Table 1.60: Monthly collision risk estimates for gannet calculated using Option 1 of Band (2012) using the 
mean estimate + UCL of density and confidence intervals associated with flight height distribution and a 


nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Mean estimate 


98.7 0.44 0.00 1.80 1.24 0.25 0.81 3.77 4.88 2.00 5.05 1.19 8.51 


98.9 0.37 0.00 1.53 1.05 0.21 0.68 3.19 4.13 1.69 4.28 1.01 7.20 


99.1 0.30 0.00 1.25 0.86 0.17 0.56 2.61 3.38 1.39 3.50 0.82 5.89 


PCH = Upper confidence metric 


98.7 1.32 0.00 5.41 3.71 0.74 2.43 11.30 14.64 6.00 15.16 3.57 25.54 


98.9 1.11 0.00 4.58 3.14 0.63 2.05 9.56 12.39 5.08 12.83 3.02 21.61 


99.1 0.91 0.00 3.75 2.57 0.51 1.68 7.82 10.14 4.16 10.50 2.47 17.68 


 


Table 1.61: Monthly collision risk estimates for gannet calculated using Option 2 of Band (2012) using the 
mean estimate of density and confidence intervals associated with flight height distribution and a nocturnal 


activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98.7 0.37 0.00 2.28 2.71 0.54 1.77 8.26 10.71 4.39 11.09 2.61 12.81 


98.9 0.31 0.00 1.93 2.29 0.46 1.50 6.99 9.06 3.71 9.38 2.21 10.84 


99.1 0.26 0.00 1.58 1.88 0.37 1.23 5.72 7.41 3.04 7.68 1.81 8.87 


Flight height distribution = Upper confidence metric 


98.7 0.82 0.00 5.06 6.01 1.20 3.93 18.31 23.73 9.73 24.57 5.79 28.40 


98.9 0.69 0.00 4.28 5.09 1.02 3.33 15.49 20.08 8.23 20.79 4.90 24.03 


99.1 0.57 0.00 3.50 4.16 0.83 2.72 12.68 16.43 6.73 17.01 4.01 19.66 


Flight height distribution = Lower confidence limit 


98.7 0.11 0.00 0.70 0.83 0.17 0.54 2.53 3.28 1.34 3.39 0.80 3.92 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


98.9 0.10 0.00 0.59 0.70 0.14 0.46 2.14 2.77 1.14 2.87 0.68 3.32 


99.1 0.08 0.00 0.48 0.57 0.11 0.38 1.75 2.27 0.93 2.35 0.55 2.72 


 


Table 1.62: Monthly collision risk estimates for gannet calculated using Option 2 of Band (2012) using the 
mean estimate + UCL of density and confidence intervals associated with flight height distribution and a 


nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98.7 0.96 0.00 3.96 2.71 0.54 1.77 8.26 10.71 4.39 11.09 2.61 18.68 


98.9 0.81 0.00 3.35 2.29 0.46 1.50 6.99 9.06 3.71 9.38 2.21 15.80 


99.1 0.67 0.00 2.74 1.88 0.37 1.23 5.72 7.41 3.04 7.68 1.81 12.93 


Flight height distribution = Upper confidence metric 


98.7 2.13 0.00 8.77 6.01 1.20 3.93 18.31 23.73 9.73 24.57 5.79 41.40 


98.9 1.81 0.00 7.42 5.09 1.02 3.33 15.49 20.08 8.23 20.79 4.90 35.03 


99.1 1.48 0.00 6.07 4.16 0.83 2.72 12.68 16.43 6.73 17.01 4.01 28.66 


Flight height distribution = Lower confidence limit 


98.7 0.29 0.00 1.21 0.83 0.17 0.54 2.53 3.28 1.34 3.39 0.80 5.72 


98.9 0.25 0.00 1.03 0.70 0.14 0.46 2.14 2.77 1.14 2.87 0.68 4.84 


99.1 0.20 0.00 0.84 0.57 0.11 0.38 1.75 2.27 0.93 2.35 0.55 3.96 


 


Table 1.63: Monthly collision risk estimates for gannet calculated using Option 3 of Band (2012) using the 
mean estimate of density and confidence intervals associated with flight height distribution and a nocturnal 


activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98 0.13 0.00 0.80 0.95 0.19 0.62 2.90 3.76 1.54 3.89 0.92 4.50 


Flight height distribution = Upper confidence metric 


98 0.36 0.00 2.20 2.62 0.52 1.71 7.97 10.32 4.23 10.69 2.52 12.36 


Flight height distribution = Lower confidence limit 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


98 0.03 0.00 0.19 0.23 0.05 0.15 0.70 0.91 0.37 0.94 0.22 1.08 


 


Table 1.64: Monthly collision risk estimates for gannet calculated using Option 3 of Band (2012) using the 
mean estimate + UCL of density and confidence intervals associated with flight height distribution and a 


nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98 0.34 0.00 1.39 0.95 0.19 0.62 2.90 3.76 1.54 3.89 0.92 6.56 


Flight height distribution = Upper confidence metric 


98 0.93 0.00 3.82 2.62 0.52 1.71 7.97 10.32 4.23 10.69 2.52 18.01 


Flight height distribution = Lower confidence limit 


98 0.08 0.00 0.33 0.23 0.05 0.15 0.70 0.91 0.37 0.94 0.22 1.58 


 


 Kittiwake 


Table 1.65: Monthly collision risk estimates for kittiwake calculated using Option 1 of Band (2012) using 
confidence intervals associated with density with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98.7 1.84 0.73 6.54 7.61 6.66 1.95 11.12 3.29 5.71 1.42 2.02 7.48 


98.9 1.56 0.61 5.54 6.44 5.64 1.65 9.41 2.78 4.84 1.20 1.71 6.33 


99.1 1.28 0.50 4.53 5.27 4.61 1.35 7.70 2.27 3.96 0.98 1.40 5.18 


99.2 1.13 0.45 4.03 4.68 4.10 1.20 6.84 2.02 3.52 0.88 1.24 4.60 


99.5 0.71 0.28 2.52 2.93 2.56 0.75 4.28 1.26 2.20 0.55 0.78 2.88 


Density = Mean estimate + UCL 


98.7 2.72 1.46 11.18 7.61 6.66 1.95 11.12 3.29 5.71 1.42 2.02 11.41 


98.9 2.30 1.23 9.46 6.44 5.64 1.65 9.41 2.78 4.84 1.20 1.71 9.65 


99.1 1.88 1.01 7.74 5.27 4.61 1.35 7.70 2.27 3.96 0.98 1.40 7.90 


99.2 1.67 0.90 6.88 4.68 4.10 1.20 6.84 2.02 3.52 0.88 1.24 7.02 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


99.5 1.04 0.56 4.30 2.93 2.56 0.75 4.28 1.26 2.20 0.55 0.78 4.39 


Density = Upper confidence limit 


98.7 2.72 1.46 11.18 10.30 8.91 2.60 15.54 4.11 8.07 1.80 2.40 11.41 


98.9 2.30 1.23 9.46 8.72 7.54 2.20 13.15 3.48 6.83 1.52 2.03 9.65 


99.1 1.88 1.01 7.74 7.13 6.17 1.80 10.76 2.85 5.59 1.24 1.66 7.90 


99.2 1.67 0.90 6.88 6.34 5.48 1.60 9.56 2.53 4.97 1.11 1.48 7.02 


99.5 1.04 0.56 4.30 3.96 3.43 1.00 5.98 1.58 3.11 0.69 0.92 4.39 


Density = Lower confidence limit 


98.7 1.08 0.23 3.35 4.91 4.41 1.29 6.71 2.46 3.35 1.05 1.64 4.40 


98.9 0.91 0.19 2.83 4.16 3.74 1.09 5.68 2.08 2.84 0.89 1.39 3.73 


99.1 0.74 0.16 2.32 3.40 3.06 0.89 4.64 1.70 2.32 0.73 1.13 3.05 


99.2 0.66 0.14 2.06 3.02 2.72 0.79 4.13 1.51 2.06 0.65 1.01 2.71 


99.5 0.41 0.09 1.29 1.89 1.70 0.50 2.58 0.95 1.29 0.40 0.63 1.69 


 


Table 1.66: Monthly collision risk estimates for kittiwake calculated using Option 2 of Band (2012) using 
confidence intervals associated with density with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98.7 9.69 3.81 34.40 39.98 35.02 10.23 58.47 17.27 30.04 7.48 10.62 39.31 


98.9 8.20 3.23 29.10 33.83 29.63 8.66 49.47 14.61 25.42 6.33 8.99 33.26 


99.1 6.71 2.64 23.81 27.68 24.25 7.09 40.48 11.96 20.79 5.18 7.35 27.22 


99.2 5.96 2.35 21.17 24.61 21.55 6.30 35.98 10.63 18.48 4.60 6.54 24.19 


99.5 3.73 1.47 13.23 15.38 13.47 3.94 22.49 6.64 11.55 2.88 4.09 15.12 


Density = Mean estimate + UCL 


98.7 14.28 7.65 58.76 39.98 35.02 10.23 58.47 17.27 30.04 7.48 10.62 59.98 


98.9 12.08 6.48 49.72 33.83 29.63 8.66 49.47 14.61 25.42 6.33 8.99 50.75 


99.1 9.89 5.30 40.68 27.68 24.25 7.09 40.48 11.96 20.79 5.18 7.35 41.52 


99.2 8.79 4.71 36.16 24.61 21.55 6.30 35.98 10.63 18.48 4.60 6.54 36.91 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


99.5 5.49 2.94 22.60 15.38 13.47 3.94 22.49 6.64 11.55 2.88 4.09 23.07 


Density = Upper confidence limit 


98.7 14.28 7.65 58.76 54.15 46.84 13.69 81.67 21.62 42.45 9.44 12.63 59.98 


98.9 12.08 6.48 49.72 45.82 39.64 11.59 69.10 18.29 35.92 7.99 10.69 50.75 


99.1 9.89 5.30 40.68 37.49 32.43 9.48 56.54 14.97 29.39 6.54 8.74 41.52 


99.2 8.79 4.71 36.16 33.32 28.83 8.43 50.26 13.30 26.12 5.81 7.77 36.91 


99.5 5.49 2.94 22.60 20.83 18.02 5.27 31.41 8.31 16.33 3.63 4.86 23.07 


Density = Lower confidence limit 


98.7 5.65 1.19 17.60 25.82 23.20 6.78 35.27 12.92 17.63 5.51 8.62 23.15 


98.9 4.78 1.01 14.89 21.85 19.63 5.74 29.84 10.93 14.91 4.66 7.29 19.59 


99.1 3.91 0.83 12.19 17.88 16.06 4.69 24.42 8.95 12.20 3.81 5.96 16.02 


99.2 3.48 0.73 10.83 15.89 14.28 4.17 21.70 7.95 10.85 3.39 5.30 14.24 


99.5 2.17 0.46 6.77 9.93 8.92 2.61 13.56 4.97 6.78 2.12 3.31 8.90 


 


Table 1.67: Monthly collision risk estimates for kittiwake calculated using Option 3 of Band (2012) using 
confidence intervals associated with density with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98 2.85 1.12 10.13 11.77 10.31 3.01 17.22 5.09 8.85 2.20 3.13 11.58 


Density = Mean estimate + UCL 


98 4.21 2.25 17.30 11.77 10.31 3.01 17.22 5.09 8.85 2.20 3.13 17.66 


Density = Upper confidence limit 


98 4.21 2.25 17.30 15.95 13.79 4.03 24.05 6.37 12.50 2.78 3.72 17.66 


Density = Lower confidence limit 


98 1.66 0.35 5.18 7.60 6.83 2.00 10.39 3.81 5.19 1.62 2.54 6.82 


 


Table 1.68: Monthly collision risk estimates for kittiwake calculated using Option 1 of Band (2012) using the 
mean estimate of density and confidence intervals associated with flight height distribution with a nocturnal 


activity factor of 2. 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Mean estimate 


98.7 1.84 0.73 6.54 7.61 6.66 1.95 11.12 3.29 5.71 1.42 2.02 7.48 


98.9 1.56 0.61 5.54 6.44 5.64 1.65 9.41 2.78 4.84 1.20 1.71 6.33 


99.1 1.28 0.50 4.53 5.27 4.61 1.35 7.70 2.27 3.96 0.98 1.40 5.18 


99.2 1.13 0.45 4.03 4.68 4.10 1.20 6.84 2.02 3.52 0.88 1.24 4.60 


99.5 0.71 0.28 2.52 2.93 2.56 0.75 4.28 1.26 2.20 0.55 0.78 2.88 


PCH = Upper confidence metric 


98.7 4.15 1.63 14.72 17.11 14.99 4.38 25.03 7.39 12.86 3.20 4.55 16.83 


98.9 3.51 1.38 12.46 14.48 12.68 3.71 21.18 6.25 10.88 2.71 3.85 14.24 


99.1 2.87 1.13 10.19 11.85 10.38 3.03 17.33 5.12 8.90 2.22 3.15 11.65 


99.2 2.55 1.00 9.06 10.53 9.23 2.70 15.40 4.55 7.91 1.97 2.80 10.35 


99.5 1.59 0.63 5.66 6.58 5.77 1.68 9.63 2.84 4.94 1.23 1.75 6.47 


 


Table 1.69: Monthly collision risk estimates for kittiwake calculated using Option 1 of Band (2012) using the 
mean estimate + UCL of density and confidence intervals associated with flight height distribution with a 


nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Mean estimate 


98.7 2.72 1.46 11.18 7.61 6.66 1.95 11.12 3.29 5.71 1.42 2.02 11.41 


98.9 2.30 1.23 9.46 6.44 5.64 1.65 9.41 2.78 4.84 1.20 1.71 9.65 


99.1 1.88 1.01 7.74 5.27 4.61 1.35 7.70 2.27 3.96 0.98 1.40 7.90 


99.2 1.67 0.90 6.88 4.68 4.10 1.20 6.84 2.02 3.52 0.88 1.24 7.02 


99.5 1.04 0.56 4.30 2.93 2.56 0.75 4.28 1.26 2.20 0.55 0.78 4.39 


PCH = Upper confidence metric 


98.7 6.11 3.28 25.15 17.11 14.99 4.38 25.03 7.39 12.86 3.20 4.55 25.67 


98.9 5.17 2.77 21.28 14.48 12.68 3.71 21.18 6.25 10.88 2.71 3.85 21.72 


99.1 4.23 2.27 17.41 11.85 10.38 3.03 17.33 5.12 8.90 2.22 3.15 17.77 


99.2 3.76 2.02 15.48 10.53 9.23 2.70 15.40 4.55 7.91 1.97 2.80 15.80 


99.5 2.35 1.26 9.67 6.58 5.77 1.68 9.63 2.84 4.94 1.23 1.75 9.87 
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Table 1.70: Monthly collision risk estimates for kittiwake calculated using Option 2 of Band (2012) using the 
mean estimate of density and confidence intervals associated with flight height distribution with a nocturnal 


activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Maximum likelihood 


98.7 9.69 3.81 34.40 39.98 35.02 10.23 58.47 17.27 30.04 7.48 10.62 39.31 


98.9 8.20 3.23 29.10 33.83 29.63 8.66 49.47 14.61 25.42 6.33 8.99 33.26 


99.1 6.71 2.64 23.81 27.68 24.25 7.09 40.48 11.96 20.79 5.18 7.35 27.22 


99.2 5.96 2.35 21.17 24.61 21.55 6.30 35.98 10.63 18.48 4.60 6.54 24.19 


99.5 3.73 1.47 13.23 15.38 13.47 3.94 22.49 6.64 11.55 2.88 4.09 15.12 


Flight height distribution = Upper confidence limit 


98.7 12.68 4.99 45.03 52.34 45.85 13.40 76.54 22.61 39.32 9.79 13.91 51.46 


98.9 10.73 4.22 38.10 44.29 38.80 11.34 64.76 19.13 33.27 8.28 11.77 43.55 


99.1 8.78 3.46 31.17 36.24 31.74 9.28 52.99 15.65 27.22 6.78 9.63 35.63 


99.2 7.80 3.07 27.71 32.21 28.21 8.25 47.10 13.91 24.20 6.02 8.56 31.67 


99.5 4.88 1.92 17.32 20.13 17.63 5.15 29.44 8.70 15.12 3.76 5.35 19.79 


Flight height distribution = Lower confidence limit 


98.7 6.34 2.50 22.51 26.17 22.92 6.70 38.27 11.30 19.66 4.89 6.95 25.73 


98.9 5.37 2.11 19.05 22.15 19.40 5.67 32.38 9.56 16.64 4.14 5.88 21.77 


99.1 4.39 1.73 15.59 18.12 15.87 4.64 26.49 7.83 13.61 3.39 4.81 17.81 


99.2 3.90 1.54 13.85 16.11 14.11 4.12 23.55 6.96 12.10 3.01 4.28 15.84 


99.5 2.44 0.96 8.66 10.07 8.82 2.58 14.72 4.35 7.56 1.88 2.67 9.90 


 


Table 1.71: Monthly collision risk estimates for kittiwake calculated using Option 2 of Band (2012) using the 
mean estimate + UCL of density and confidence intervals associated with flight height distribution with a 


nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Maximum likelihood 


98.7 14.28 7.65 58.76 39.98 35.02 10.23 58.47 17.27 30.04 7.48 10.62 59.98 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


98.9 12.08 6.48 49.72 33.83 29.63 8.66 49.47 14.61 25.42 6.33 8.99 50.75 


99.1 9.89 5.30 40.68 27.68 24.25 7.09 40.48 11.96 20.79 5.18 7.35 41.52 


99.2 8.79 4.71 36.16 24.61 21.55 6.30 35.98 10.63 18.48 4.60 6.54 36.91 


99.5 5.49 2.94 22.60 15.38 13.47 3.94 22.49 6.64 11.55 2.88 4.09 23.07 


Flight height distribution = Upper confidence limit 


98.7 18.70 10.02 76.92 52.34 45.85 13.40 76.54 22.61 39.32 9.79 13.91 78.52 


98.9 15.82 8.48 65.09 44.29 38.80 11.34 64.76 19.13 33.27 8.28 11.77 66.44 


99.1 12.94 6.94 53.26 36.24 31.74 9.28 52.99 15.65 27.22 6.78 9.63 54.36 


99.2 11.50 6.17 47.34 32.21 28.21 8.25 47.10 13.91 24.20 6.02 8.56 48.32 


99.5 7.19 3.85 29.59 20.13 17.63 5.15 29.44 8.70 15.12 3.76 5.35 30.20 


Flight height distribution = Lower confidence limit 


98.7 9.35 5.01 38.46 26.17 22.92 6.70 38.27 11.30 19.66 4.89 6.95 39.26 


98.9 7.91 4.24 32.55 22.15 19.40 5.67 32.38 9.56 16.64 4.14 5.88 33.22 


99.1 6.47 3.47 26.63 18.12 15.87 4.64 26.49 7.83 13.61 3.39 4.81 27.18 


99.2 5.75 3.08 23.67 16.11 14.11 4.12 23.55 6.96 12.10 3.01 4.28 24.16 


99.5 3.60 1.93 14.79 10.07 8.82 2.58 14.72 4.35 7.56 1.88 2.67 15.10 


 


Table 1.72: Monthly collision risk estimates for kittiwake calculated using Option 3 of Band (2012) using the 
mean estimate of density and confidence intervals associated with flight height distribution with a nocturnal 


activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98 2.85 1.12 10.13 11.77 10.31 3.01 17.22 5.09 8.85 2.20 3.13 11.58 


Flight height distribution = Upper confidence metric 


98 4.05 1.59 14.37 16.71 14.63 4.28 24.43 7.22 12.55 3.12 4.44 16.42 


Flight height distribution = Lower confidence limit 


98 1.68 0.66 5.95 6.91 6.06 1.77 10.11 2.99 5.19 1.29 1.84 6.80 
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Table 1.73: Monthly collision risk estimates for kittiwake calculated using Option 3 of Band (2012) using the 
mean estimate + UCL of density and confidence intervals associated with flight height distribution with a 


nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98 4.21 2.25 17.30 11.77 10.31 3.01 17.22 5.09 8.85 2.20 3.13 17.66 


Flight height distribution = Upper confidence metric 


98 5.97 3.20 24.55 16.71 14.63 4.28 24.43 7.22 12.55 3.12 4.44 25.06 


Flight height distribution = Lower confidence limit 


98 2.47 1.32 10.16 6.91 6.06 1.77 10.11 2.99 5.19 1.29 1.84 10.37 


 


Table 1.74: Monthly collision risk estimates for kittiwake calculated using Option 1 of Band (2012) using 
confidence intervals associated with density with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98.7 2.45 0.92 7.88 8.76 7.41 2.13 12.25 3.72 6.74 1.76 2.64 10.13 


98.9 2.08 0.78 6.67 7.41 6.27 1.80 10.36 3.15 5.71 1.49 2.24 8.57 


99.1 1.70 0.64 5.46 6.07 5.13 1.47 8.48 2.58 4.67 1.22 1.83 7.01 


99.2 1.51 0.57 4.85 5.39 4.56 1.31 7.54 2.29 4.15 1.09 1.63 6.23 


99.5 0.94 0.35 3.03 3.37 2.85 0.82 4.71 1.43 2.59 0.68 1.02 3.90 


Density = Mean estimate + UCL 


98.7 3.62 1.85 13.47 8.76 7.41 2.13 12.25 3.72 6.74 1.76 2.64 15.45 


98.9 3.06 1.56 11.40 7.41 6.27 1.80 10.36 3.15 5.71 1.49 2.24 13.07 


99.1 2.50 1.28 9.33 6.07 5.13 1.47 8.48 2.58 4.67 1.22 1.83 10.70 


99.2 2.23 1.14 8.29 5.39 4.56 1.31 7.54 2.29 4.15 1.09 1.63 9.51 


99.5 1.39 0.71 5.18 3.37 2.85 0.82 4.71 1.43 2.59 0.68 1.02 5.94 


Density = Upper confidence limit 


98.7 3.62 1.85 13.47 11.86 9.91 2.85 17.11 4.66 9.53 2.23 3.14 15.45 


98.9 3.06 1.56 11.40 10.04 8.39 2.41 14.48 3.94 8.06 1.88 2.66 13.07 


99.1 2.50 1.28 9.33 8.21 6.86 1.97 11.84 3.23 6.60 1.54 2.18 10.70 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


99.2 2.23 1.14 8.29 7.30 6.10 1.75 10.53 2.87 5.87 1.37 1.93 9.51 


99.5 1.39 0.71 5.18 4.56 3.81 1.10 6.58 1.79 3.67 0.86 1.21 5.94 


Density = Lower confidence limit 


98.7 1.43 0.29 4.03 5.66 4.91 1.41 7.39 2.79 3.96 1.30 2.14 5.96 


98.9 1.21 0.24 3.41 4.79 4.16 1.19 6.25 2.36 3.35 1.10 1.81 5.05 


99.1 0.99 0.20 2.79 3.92 3.40 0.98 5.11 1.93 2.74 0.90 1.48 4.13 


99.2 0.88 0.18 2.48 3.48 3.02 0.87 4.55 1.71 2.44 0.80 1.32 3.67 


99.5 0.55 0.11 1.55 2.18 1.89 0.54 2.84 1.07 1.52 0.50 0.82 2.29 


 


Table 1.75: Monthly collision risk estimates for kittiwake calculated using Option 2 of Band (2012) using 
confidence intervals associated with density with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98.7 12.90 4.84 41.45 46.05 38.96 11.19 64.38 19.57 35.45 9.27 13.89 53.24 


98.9 10.92 4.09 35.07 38.97 32.97 9.47 54.48 16.56 30.00 7.84 11.76 45.05 


99.1 8.93 3.35 28.69 31.88 26.97 7.75 44.57 13.55 24.54 6.42 9.62 36.86 


99.2 7.94 2.98 25.51 28.34 23.98 6.89 39.62 12.04 21.82 5.70 8.55 32.76 


99.5 4.96 1.86 15.94 17.71 14.99 4.30 24.76 7.53 13.64 3.57 5.34 20.48 


Density = Mean estimate + UCL 


98.7 19.02 9.71 70.81 46.05 38.96 11.19 64.38 19.57 35.45 9.27 13.89 81.23 


98.9 16.09 8.21 59.92 38.97 32.97 9.47 54.48 16.56 30.00 7.84 11.76 68.73 


99.1 13.17 6.72 49.02 31.88 26.97 7.75 44.57 13.55 24.54 6.42 9.62 56.23 


99.2 11.70 5.97 43.58 28.34 23.98 6.89 39.62 12.04 21.82 5.70 8.55 49.99 


99.5 7.31 3.73 27.23 17.71 14.99 4.30 24.76 7.53 13.64 3.57 5.34 31.24 


Density = Upper confidence limit 


98.7 19.02 9.71 70.81 62.37 52.11 14.97 89.93 24.50 50.10 11.71 16.52 81.23 


98.9 16.09 8.21 59.92 52.77 44.09 12.66 76.10 20.73 42.39 9.91 13.98 68.73 


99.1 13.17 6.72 49.02 43.18 36.08 10.36 62.26 16.96 34.69 8.11 11.44 56.23 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


99.2 11.70 5.97 43.58 38.38 32.07 9.21 55.34 15.08 30.83 7.21 10.16 49.99 


99.5 7.31 3.73 27.23 23.99 20.04 5.76 34.59 9.42 19.27 4.50 6.35 31.24 


Density = Lower confidence limit 


98.7 7.53 1.51 21.21 29.74 25.81 7.41 38.84 14.65 20.81 6.83 11.27 31.35 


98.9 6.37 1.28 17.95 25.16 21.84 6.27 32.86 12.39 17.60 5.78 9.53 26.52 


99.1 5.21 1.05 14.68 20.59 17.87 5.13 26.89 10.14 14.40 4.73 7.80 21.70 


99.2 4.63 0.93 13.05 18.30 15.89 4.56 23.90 9.01 12.80 4.20 6.93 19.29 


99.5 2.90 0.58 8.16 11.44 9.93 2.85 14.94 5.63 8.00 2.63 4.33 12.06 


 


Table 1.76: Monthly collision risk estimates for kittiwake calculated using Option 3 of Band (2012) using 
confidence intervals associated with density with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98 3.80 1.42 12.21 13.56 11.47 3.29 18.96 5.76 10.44 2.73 4.09 15.68 


Density = Mean estimate + UCL 


98 5.60 2.86 20.85 13.56 11.47 3.29 18.96 5.76 10.44 2.73 4.09 23.92 


Density = Upper confidence limit 


98 5.60 2.86 20.85 18.37 15.35 4.41 26.48 7.21 14.75 3.45 4.86 5.60 


Density = Lower confidence limit 


98 2.22 0.45 6.25 8.76 7.60 2.18 11.44 4.31 6.13 2.01 3.32 9.23 


 


Table 1.77: Monthly collision risk estimates for kittiwake calculated using Option 1 of Band (2012) using the 
mean estimate of density and confidence intervals associated with flight height distribution with a nocturnal 


activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Mean estimate 


98.7 2.45 0.92 7.88 8.76 7.41 2.13 12.25 3.72 6.74 1.76 2.64 10.13 


98.9 2.08 0.78 6.67 7.41 6.27 1.80 10.36 3.15 5.71 1.49 2.24 8.57 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


99.1 1.70 0.64 5.46 6.07 5.13 1.47 8.48 2.58 4.67 1.22 1.83 7.01 


99.2 1.51 0.57 4.85 5.39 4.56 1.31 7.54 2.29 4.15 1.09 1.63 6.23 


99.5 0.94 0.35 3.03 3.37 2.85 0.82 4.71 1.43 2.59 0.68 1.02 3.90 


PCH = Upper confidence metric 


98.7 5.52 2.07 17.74 19.71 16.68 4.79 27.56 8.38 15.18 3.97 5.95 22.79 


98.9 4.67 1.75 15.01 16.68 14.11 4.05 23.32 7.09 12.84 3.36 5.03 19.28 


99.1 3.82 1.43 12.28 13.65 11.55 3.32 19.08 5.80 10.51 2.75 4.12 15.78 


99.2 3.40 1.27 10.92 12.13 10.26 2.95 16.96 5.16 9.34 2.44 3.66 14.02 


99.5 2.12 0.80 6.82 7.58 6.41 1.84 10.60 3.22 5.84 1.53 2.29 8.76 


 


Table 1.78: Monthly collision risk estimates for kittiwake calculated using Option 1 of Band (2012) using the 
mean estimate + UCL of density and confidence intervals associated with flight height distribution with a 


nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Mean estimate 


98.7 3.62 1.85 13.47 8.76 7.41 2.13 12.25 3.72 6.74 1.76 2.64 15.45 


98.9 3.06 1.56 11.40 7.41 6.27 1.80 10.36 3.15 5.71 1.49 2.24 13.07 


99.1 2.50 1.28 9.33 6.07 5.13 1.47 8.48 2.58 4.67 1.22 1.83 10.70 


99.2 2.23 1.14 8.29 5.39 4.56 1.31 7.54 2.29 4.15 1.09 1.63 9.51 


99.5 1.39 0.71 5.18 3.37 2.85 0.82 4.71 1.43 2.59 0.68 1.02 5.94 


PCH = Upper confidence metric 


98.7 8.14 4.15 30.31 19.71 16.68 4.79 27.56 8.38 15.18 3.97 5.95 34.77 


98.9 6.89 3.52 25.65 16.68 14.11 4.05 23.32 7.09 12.84 3.36 5.03 29.42 


99.1 5.64 2.88 20.98 13.65 11.55 3.32 19.08 5.80 10.51 2.75 4.12 24.07 


99.2 5.01 2.56 18.65 12.13 10.26 2.95 16.96 5.16 9.34 2.44 3.66 21.40 


99.5 3.13 1.60 11.66 7.58 6.41 1.84 10.60 3.22 5.84 1.53 2.29 13.37 


 


Table 1.79: Monthly collision risk estimates for kittiwake calculated using Option 2 of Band (2012) using the 
mean estimate of density and confidence intervals associated with flight height distribution with a nocturnal 


activity factor of 3. 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98.7 12.90 4.84 41.45 46.05 38.96 11.19 64.38 19.57 35.45 9.27 13.89 53.24 


98.9 10.92 4.09 35.07 38.97 32.97 9.47 54.48 16.56 30.00 7.84 11.76 45.05 


99.1 8.93 3.35 28.69 31.88 26.97 7.75 44.57 13.55 24.54 6.42 9.62 36.86 


99.2 7.94 2.98 25.51 28.34 23.98 6.89 39.62 12.04 21.82 5.70 8.55 32.76 


99.5 4.96 1.86 15.94 17.71 14.99 4.30 24.76 7.53 13.64 3.57 5.34 20.48 


Flight height distribution = Upper confidence limit 


98.7 16.89 6.33 54.26 60.29 51.01 14.65 84.29 25.62 46.41 12.14 18.19 69.70 


98.9 14.29 5.36 45.91 51.01 43.16 12.39 71.32 21.68 39.27 10.27 15.39 58.97 


99.1 11.69 4.38 37.56 41.74 35.31 10.14 58.35 17.74 32.13 8.40 12.59 48.25 


99.2 10.39 3.90 33.39 37.10 31.39 9.01 51.87 15.77 28.56 7.47 11.19 42.89 


99.5 6.50 2.43 20.87 23.19 19.62 5.63 32.42 9.85 17.85 4.67 7.00 26.81 


Flight height distribution = Lower confidence limit 


98.7 8.44 3.17 27.13 30.14 25.50 7.32 42.14 12.81 23.21 6.07 9.09 34.85 


98.9 7.15 2.68 22.96 25.51 21.58 6.20 35.66 10.84 19.64 5.13 7.69 29.49 


99.1 5.85 2.19 18.78 20.87 17.66 5.07 29.18 8.87 16.07 4.20 6.30 24.13 


99.2 5.20 1.95 16.70 18.55 15.69 4.51 25.93 7.88 14.28 3.73 5.60 21.44 


99.5 3.25 1.22 10.43 11.59 9.81 2.82 16.21 4.93 8.93 2.33 3.50 13.40 


 


Table 1.80: Monthly collision risk estimates for kittiwake calculated using Option 2 of Band (2012) using the 
mean estimate + UCL of density and confidence intervals associated with flight height distribution with a 


nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98.7 19.02 9.71 70.81 46.05 38.96 11.19 64.38 19.57 35.45 9.27 13.89 81.23 


98.9 16.09 8.21 59.92 38.97 32.97 9.47 54.48 16.56 30.00 7.84 11.76 68.73 


99.1 13.17 6.72 49.02 31.88 26.97 7.75 44.57 13.55 24.54 6.42 9.62 56.23 


99.2 11.70 5.97 43.58 28.34 23.98 6.89 39.62 12.04 21.82 5.70 8.55 49.99 


99.5 7.31 3.73 27.23 17.71 14.99 4.30 24.76 7.53 13.64 3.57 5.34 31.24 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Upper confidence limit 


98.7 24.90 12.71 92.70 60.29 51.01 14.65 84.29 25.62 46.41 12.14 18.19 106.33 


98.9 21.07 10.75 78.44 51.01 43.16 12.39 71.32 21.68 39.27 10.27 15.39 89.98 


99.1 17.24 8.80 64.17 41.74 35.31 10.14 58.35 17.74 32.13 8.40 12.59 73.62 


99.2 15.32 7.82 57.04 37.10 31.39 9.01 51.87 15.77 28.56 7.47 11.19 65.44 


99.5 9.58 4.89 35.65 23.19 19.62 5.63 32.42 9.85 17.85 4.67 7.00 40.90 


Flight height distribution = Lower confidence limit 


98.7 12.45 6.35 46.35 30.14 25.50 7.32 42.14 12.81 23.21 6.07 9.09 53.17 


98.9 10.53 5.38 39.22 25.51 21.58 6.20 35.66 10.84 19.64 5.13 7.69 44.99 


99.1 8.62 4.40 32.09 20.87 17.66 5.07 29.18 8.87 16.07 4.20 6.30 36.81 


99.2 7.66 3.91 28.52 18.55 15.69 4.51 25.93 7.88 14.28 3.73 5.60 32.72 


99.5 4.79 2.44 17.83 11.59 9.81 2.82 16.21 4.93 8.93 2.33 3.50 20.45 


 


Table 1.81: Monthly collision risk estimates for kittiwake calculated using Option 3 of Band (2012) using the 
mean estimate of density and confidence intervals associated with flight height distribution with a nocturnal 


activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98 3.80 1.42 12.21 13.56 11.47 3.29 18.96 5.76 10.44 2.73 4.09 15.68 


Flight height distribution = Upper confidence metric 


98 5.39 2.02 17.32 19.24 16.28 4.67 26.90 8.18 14.81 3.87 5.80 22.24 


Flight height distribution = Lower confidence limit 


98 2.23 0.84 7.17 7.96 6.74 1.93 11.13 3.38 6.13 1.60 2.40 9.21 


 


Table 1.82: Monthly collision risk estimates for kittiwake calculated using Option 3 of Band (2012) using the 
mean estimate + UCL of density and confidence intervals associated with flight height distribution with a 


nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


98 5.60 2.86 20.85 13.56 11.47 3.29 18.96 5.76 10.44 2.73 4.09 23.92 


Flight height distribution = Upper confidence metric 


98 7.95 4.05 29.58 19.24 16.28 4.67 26.90 8.18 14.81 3.87 5.80 33.94 


Flight height distribution = Lower confidence limit 


98 3.29 1.68 12.25 7.96 6.74 1.93 11.13 3.38 6.13 1.60 2.40 14.05 


 


 Lesser black-backed gull 


Table 1.83: Monthly collision risk estimates for lesser black-backed gull calculated using Option 1 of Band 
(2012) using confidence intervals associated with density with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


99.4 0.00 0.00 0.00 0.68 0.30 7.92 5.10 1.44 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 0.57 0.25 6.60 4.25 1.20 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 0.46 0.20 5.28 3.40 0.96 0.00 0.00 0.00 0.00 


Density = Upper confidence limit 


99.4 0.00 0.00 0.00 1.29 0.68 12.54 8.97 2.91 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 1.08 0.57 10.45 7.47 2.43 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 0.86 0.46 8.36 5.98 1.94 0.00 0.00 0.00 0.00 


Density = Lower confidence limit 


99.4 0.00 0.00 0.00 0.07 0.00 3.30 1.24 0.00 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 0.06 0.00 2.75 1.03 0.00 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 0.05 0.00 2.20 0.83 0.00 0.00 0.00 0.00 0.00 


 


Table 1.84: Monthly collision risk estimates for lesser black-backed gull calculated using Option 2 of Band 
(2012) using confidence intervals associated with density with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


99.4 0.00 0.00 0.00 0.83 0.37 9.66 6.22 1.76 0.00 0.00 0.00 0.00 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


99.5 0.00 0.00 0.00 0.69 0.31 8.05 5.19 1.47 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 0.56 0.25 6.44 4.15 1.17 0.00 0.00 0.00 0.00 


Density = Upper confidence limit 


99.4 0.00 0.00 0.00 1.58 0.83 15.29 10.94 3.55 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 1.31 0.69 12.74 9.11 2.96 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 1.05 0.56 10.19 7.29 2.37 0.00 0.00 0.00 0.00 


Density = Lower confidence limit 


99.4 0.00 0.00 0.00 0.09 0.00 4.02 1.51 0.00 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 0.07 0.00 3.35 1.26 0.00 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 0.06 0.00 2.68 1.01 0.00 0.00 0.00 0.00 0.00 


 


Table 1.85: Monthly collision risk estimates for lesser black-backed gull calculated using Option 3 of Band 
(2012) using confidence intervals associated with density with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98.7 0.00 0.00 0.00 0.55 0.24 6.36 4.10 1.16 0.00 0.00 0.00 0.00 


98.9 0.00 0.00 0.00 0.46 0.20 5.38 3.47 0.98 0.00 0.00 0.00 0.00 


99.1 0.00 0.00 0.00 0.38 0.17 4.40 2.84 0.80 0.00 0.00 0.00 0.00 


Density = Upper confidence limit 


98.7 0.00 0.00 0.00 1.04 0.55 10.07 7.20 2.34 0.00 0.00 0.00 0.00 


98.9 0.00 0.00 0.00 0.88 0.46 8.52 6.09 1.98 0.00 0.00 0.00 0.00 


99.1 0.00 0.00 0.00 0.72 0.38 6.97 4.98 1.62 0.00 0.00 0.00 0.00 


Density = Lower confidence limit 


98.7 0.00 0.00 0.00 0.06 0.00 2.65 0.99 0.00 0.00 0.00 0.00 0.00 


98.9 0.00 0.00 0.00 0.05 0.00 2.24 0.84 0.00 0.00 0.00 0.00 0.00 


99.1 0.00 0.00 0.00 0.04 0.00 1.83 0.69 0.00 0.00 0.00 0.00 0.00 
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Table 1.86: Monthly collision risk estimates for lesser black-backed gull calculated using Option 1 of Band 
(2012) using the mean estimate of density and confidence intervals associated with flight height distribution 


with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Mean estimate 


99.4 0.00 0.00 0.00 0.68 0.30 7.92 5.10 1.44 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 0.57 0.25 6.60 4.25 1.20 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 0.46 0.20 5.28 3.40 0.96 0.00 0.00 0.00 0.00 


PCH = Upper confidence metric 


99.4 0.00 0.00 0.00 1.59 0.70 18.47 11.91 3.36 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 1.33 0.59 15.39 9.92 2.80 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 1.06 0.47 12.31 7.94 2.24 0.00 0.00 0.00 0.00 


 


Table 1.87: Monthly collision risk estimates for lesser black-backed gull calculated using Option 2 of Band 
(2012) using the mean estimate of density and confidence intervals associated with flight height distribution 


with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


99.4 0.00 0.00 0.00 0.83 0.37 9.66 6.22 1.76 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 0.69 0.31 8.05 5.19 1.47 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 0.56 0.25 6.44 4.15 1.17 0.00 0.00 0.00 0.00 


Flight height distribution = Upper confidence limit 


99.4 0.00 0.00 0.00 1.76 0.78 20.43 13.17 3.72 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 1.47 0.65 17.03 10.98 3.10 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 1.17 0.52 13.62 8.78 2.48 0.00 0.00 0.00 0.00 


Flight height distribution = Lower confidence limit 


99.4 0.00 0.00 0.00 0.47 0.21 5.49 3.54 1.00 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 0.39 0.17 4.58 2.95 0.83 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 0.32 0.14 3.66 2.36 0.67 0.00 0.00 0.00 0.00 
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Table 1.88: Monthly collision risk estimates for lesser black-backed gull calculated using Option 3 of Band 
(2012) using the mean estimate of density and confidence intervals associated with flight height distribution 


with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98.7 0.00 0.00 0.00 0.55 0.24 6.36 4.10 1.16 0.00 0.00 0.00 0.00 


98.9 0.00 0.00 0.00 0.46 0.20 5.38 3.47 0.98 0.00 0.00 0.00 0.00 


99.1 0.00 0.00 0.00 0.38 0.17 4.40 2.84 0.80 0.00 0.00 0.00 0.00 


Flight height distribution = Upper confidence limit 


98.7 0.00 0.00 0.00 1.62 0.72 18.78 12.11 3.42 0.00 0.00 0.00 0.00 


98.9 0.00 0.00 0.00 1.37 0.61 15.89 10.24 2.89 0.00 0.00 0.00 0.00 


99.1 0.00 0.00 0.00 1.12 0.50 13.00 8.38 2.37 0.00 0.00 0.00 0.00 


Flight height distribution = Lower confidence limit 


98.7 0.00 0.00 0.00 0.26 0.11 2.97 1.92 0.54 0.00 0.00 0.00 0.00 


98.9 0.00 0.00 0.00 0.22 0.10 2.52 1.62 0.46 0.00 0.00 0.00 0.00 


99.1 0.00 0.00 0.00 0.18 0.08 2.06 1.33 0.37 0.00 0.00 0.00 0.00 


 


Table 1.89: Monthly collision risk estimates for lesser black-backed gull calculated using Option 1 of Band 
(2012) using confidence intervals associated with density with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


99.4 0.00 0.00 0.00 0.79 0.34 8.65 5.62 1.63 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 0.66 0.28 7.21 4.68 1.36 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 0.52 0.22 5.77 3.75 1.09 0.00 0.00 0.00 0.00 


Density = Upper confidence limit 


99.4 0.00 0.00 0.00 1.49 0.76 13.70 9.87 3.30 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 1.24 0.63 11.42 8.23 2.75 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 0.99 0.51 9.14 6.58 2.20 0.00 0.00 0.00 0.00 


Density = Lower confidence limit 


99.4 0.00 0.00 0.00 0.08 0.00 3.60 1.36 0.00 0.00 0.00 0.00 0.00 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


99.5 0.00 0.00 0.00 0.07 0.00 3.00 1.14 0.00 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 0.06 0.00 2.40 0.91 0.00 0.00 0.00 0.00 0.00 


 


Table 1.90: Monthly collision risk estimates for lesser black-backed gull calculated using Option 2 of Band 
(2012) using confidence intervals associated with density with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


99.4 0.00 0.00 0.00 0.96 0.41 10.56 6.85 1.99 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 0.80 0.34 8.80 5.71 1.66 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 0.64 0.27 7.04 4.57 1.33 0.00 0.00 0.00 0.00 


Density = Upper confidence limit 


99.4 0.00 0.00 0.00 1.82 0.93 16.72 12.04 4.03 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 1.51 0.77 13.93 10.04 3.36 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 1.21 0.62 11.14 8.03 2.68 0.00 0.00 0.00 0.00 


Density = Lower confidence limit 


99.4 0.00 0.00 0.00 0.10 0.00 4.39 1.66 0.00 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 0.08 0.00 3.66 1.39 0.00 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 0.07 0.00 2.93 1.11 0.00 0.00 0.00 0.00 0.00 


 


Table 1.91: Monthly collision risk estimates for lesser black-backed gull calculated using Option 3 of Band 
(2012) using confidence intervals associated with density with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98.7 0.00 0.00 0.00 0.63 0.27 6.95 4.51 1.31 0.00 0.00 0.00 0.00 


98.9 0.00 0.00 0.00 0.53 0.23 5.88 3.82 1.11 0.00 0.00 0.00 0.00 


99.1 0.00 0.00 0.00 0.44 0.19 4.81 3.12 0.91 0.00 0.00 0.00 0.00 


Density = Upper confidence limit 


98.7 0.00 0.00 0.00 1.20 0.61 11.01 7.93 2.65 0.00 0.00 0.00 0.00 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


98.9 0.00 0.00 0.00 1.01 0.52 9.31 6.71 2.24 0.00 0.00 0.00 0.00 


99.1 0.00 0.00 0.00 0.83 0.42 7.62 5.49 1.84 0.00 0.00 0.00 0.00 


Density = Lower confidence limit 


98.7 0.00 0.00 0.00 0.07 0.00 2.89 1.10 0.00 0.00 0.00 0.00 0.00 


98.9 0.00 0.00 0.00 0.06 0.00 2.45 0.93 0.00 0.00 0.00 0.00 0.00 


99.1 0.00 0.00 0.00 0.05 0.00 2.00 0.76 0.00 0.00 0.00 0.00 0.00 


 


Table 1.92: Monthly collision risk estimates for lesser black-backed gull calculated using Option 1 of Band 
(2012) using the mean estimate of density and confidence intervals associated with flight height distribution 


with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Mean estimate 


99.4 0.00 0.00 0.00 0.79 0.34 8.65 5.62 1.63 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 0.66 0.28 7.21 4.68 1.36 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 0.52 0.22 5.77 3.75 1.09 0.00 0.00 0.00 0.00 


PCH = Upper confidence metric 


99.4 0.00 0.00 0.00 1.83 0.78 20.19 13.11 3.81 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 1.53 0.65 16.83 10.93 3.18 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 1.22 0.52 13.46 8.74 2.54 0.00 0.00 0.00 0.00 


 


Table 1.93: Monthly collision risk estimates for lesser black-backed gull calculated using Option 2 of Band 
(2012) using the mean estimate of density and confidence intervals associated with flight height distribution 


with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


99.4 0.00 0.00 0.00 0.96 0.41 10.56 6.85 1.99 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 0.80 0.34 8.80 5.71 1.66 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 0.64 0.27 7.04 4.57 1.33 0.00 0.00 0.00 0.00 


Flight height distribution = Upper confidence limit 







 
 Alternative analysis 
 January 2019 
 


 91  


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


99.4 0.00 0.00 0.00 2.03 0.87 22.34 14.50 4.22 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 1.69 0.72 18.61 12.09 3.51 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 1.35 0.58 14.89 9.67 2.81 0.00 0.00 0.00 0.00 


Flight height distribution = Lower confidence limit 


99.4 0.00 0.00 0.00 0.55 0.23 6.01 3.90 1.13 0.00 0.00 0.00 0.00 


99.5 0.00 0.00 0.00 0.45 0.19 5.00 3.25 0.94 0.00 0.00 0.00 0.00 


99.6 0.00 0.00 0.00 0.36 0.16 4.00 2.60 0.76 0.00 0.00 0.00 0.00 


 


Table 1.94: Monthly collision risk estimates for lesser black-backed gull calculated using Option 3 of Band 
(2012) using the mean estimate of density and confidence intervals associated with flight height distribution 


with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98.7 0.00 0.00 0.00 0.63 0.27 6.95 4.51 1.31 0.00 0.00 0.00 0.00 


98.9 0.00 0.00 0.00 0.53 0.23 5.88 3.82 1.11 0.00 0.00 0.00 0.00 


99.1 0.00 0.00 0.00 0.44 0.19 4.81 3.12 0.91 0.00 0.00 0.00 0.00 


Flight height distribution = Upper confidence limit 


98.7 0.00 0.00 0.00 1.87 0.80 20.53 13.33 3.88 0.00 0.00 0.00 0.00 


98.9 0.00 0.00 0.00 1.58 0.67 17.37 11.28 3.28 0.00 0.00 0.00 0.00 


99.1 0.00 0.00 0.00 1.29 0.55 14.21 9.23 2.68 0.00 0.00 0.00 0.00 


Flight height distribution = Lower confidence limit 


98.7 0.00 0.00 0.00 0.30 0.13 3.25 2.11 0.61 0.00 0.00 0.00 0.00 


98.9 0.00 0.00 0.00 0.25 0.11 2.75 1.79 0.52 0.00 0.00 0.00 0.00 


99.1 0.00 0.00 0.00 0.20 0.09 2.25 1.46 0.42 0.00 0.00 0.00 0.00 
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 Herring gull 


Table 1.95: Monthly collision risk estimates for herring gull calculated using Option 1 of Band (2012) using 
confidence intervals associated with density with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


99.4 0.00 1.09 0.00 0.00 0.00 0.40 0.40 0.00 1.85 0.00 0.00 2.63 


99.5 0.00 0.91 0.00 0.00 0.00 0.33 0.33 0.00 1.54 0.00 0.00 2.19 


99.6 0.00 0.72 0.00 0.00 0.00 0.26 0.27 0.00 1.23 0.00 0.00 1.75 


Density = Mean estimate + UCL 


99.4 0.00 2.17 0.00 0.00 0.00 0.40 0.40 0.00 1.85 0.00 0.00 4.74 


99.5 0.00 1.81 0.00 0.00 0.00 0.33 0.33 0.00 1.54 0.00 0.00 3.95 


99.6 0.00 1.45 0.00 0.00 0.00 0.26 0.27 0.00 1.23 0.00 0.00 3.16 


Density = Upper confidence limit 


99.4 0.00 2.17 0.00 0.00 0.00 1.39 1.20 0.00 4.03 0.00 0.00 4.74 


99.5 0.00 1.81 0.00 0.00 0.00 1.16 1.00 0.00 3.36 0.00 0.00 3.95 


99.6 0.00 1.45 0.00 0.00 0.00 0.92 0.80 0.00 2.69 0.00 0.00 3.16 


Density = Lower confidence limit 


99.4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.79 


99.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.66 


99.6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.53 


 


Table 1.96: Monthly collision risk estimates for herring gull calculated using Option 2 of Band (2012) using 
confidence intervals associated with density with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


99.4 0.00 1.52 0.00 0.00 0.00 0.55 0.56 0.00 2.58 0.00 0.00 3.67 


99.5 0.00 1.26 0.00 0.00 0.00 0.46 0.47 0.00 2.15 0.00 0.00 3.06 


99.6 0.00 1.01 0.00 0.00 0.00 0.37 0.37 0.00 1.72 0.00 0.00 2.45 


Density = Mean estimate + UCL 


99.4 0.00 3.03 0.00 0.00 0.00 0.55 0.56 0.00 2.58 0.00 0.00 6.61 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


99.5 0.00 2.53 0.00 0.00 0.00 0.46 0.47 0.00 2.15 0.00 0.00 5.51 


99.6 0.00 2.02 0.00 0.00 0.00 0.37 0.37 0.00 1.72 0.00 0.00 4.41 


Density = Upper confidence limit 


99.4 0.00 3.03 0.00 0.00 0.00 1.94 1.68 0.00 5.63 0.00 0.00 0.00 


99.5 0.00 2.53 0.00 0.00 0.00 1.61 1.40 0.00 4.69 0.00 0.00 0.00 


99.6 0.00 2.02 0.00 0.00 0.00 1.29 1.12 0.00 3.75 0.00 0.00 0.00 


Density = Lower confidence limit 


99.4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.10 


99.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.92 


99.6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.73 


 


Table 1.97: Monthly collision risk estimates for herring gull calculated using Option 3 of Band (2012) using 
confidence intervals associated with density with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98.8 0.00 1.02 0.00 0.00 0.00 0.37 0.38 0.00 1.73 0.00 0.00 2.47 


99.0 0.00 0.85 0.00 0.00 0.00 0.31 0.31 0.00 1.45 0.00 0.00 2.06 


99.2 0.00 0.68 0.00 0.00 0.00 0.25 0.25 0.00 1.16 0.00 0.00 1.65 


Density = Mean estimate + UCL 


98.8 0.00 2.04 0.00 0.00 0.00 0.37 0.38 0.00 1.73 0.00 0.00 4.44 


99.0 0.00 1.70 0.00 0.00 0.00 0.31 0.31 0.00 1.45 0.00 0.00 3.70 


99.2 0.00 1.36 0.00 0.00 0.00 0.25 0.25 0.00 1.16 0.00 0.00 2.96 


Density = Upper confidence limit 


98.8 0.00 2.04 0.00 0.00 0.00 1.30 1.13 0.00 3.78 0.00 0.00 4.44 


99.0 0.00 1.70 0.00 0.00 0.00 1.08 0.94 0.00 3.15 0.00 0.00 3.70 


99.2 0.00 1.36 0.00 0.00 0.00 0.87 0.75 0.00 2.52 0.00 0.00 2.96 


Density = Lower confidence limit 


98.8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.74 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


99.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.62 


99.2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.49 


 


Table 1.98: Monthly collision risk estimates for herring gull calculated using Option 1 of Band (2012) using the 
mean estimate of density and confidence intervals associated with flight height distribution with a nocturnal 


activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Mean estimate 


99.4 0.00 1.09 0.00 0.00 0.00 0.40 0.40 0.00 1.85 0.00 0.00 2.63 


99.5 0.00 0.91 0.00 0.00 0.00 0.33 0.33 0.00 1.54 0.00 0.00 2.19 


99.6 0.00 0.72 0.00 0.00 0.00 0.26 0.27 0.00 1.23 0.00 0.00 1.75 


PCH = Upper confidence metric 


99.4 0.00 2.01 0.00 0.00 0.00 0.73 0.74 0.00 3.42 0.00 0.00 4.87 


99.5 0.00 1.68 0.00 0.00 0.00 0.61 0.62 0.00 2.85 0.00 0.00 4.06 


99.6 0.00 1.34 0.00 0.00 0.00 0.49 0.50 0.00 2.28 0.00 0.00 3.25 


 


Table 1.99: Monthly collision risk estimates for herring gull calculated using Option 1 of Band (2012) using the 
mean estimate + UCL of density and confidence intervals associated with flight height distribution with a 


nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Mean estimate 


99.4 0.00 2.17 0.00 0.00 0.00 0.40 0.40 0.00 1.85 0.00 0.00 4.74 


99.5 0.00 1.81 0.00 0.00 0.00 0.33 0.33 0.00 1.54 0.00 0.00 3.95 


99.6 0.00 1.45 0.00 0.00 0.00 0.26 0.27 0.00 1.23 0.00 0.00 3.16 


PCH = Upper confidence metric 


99.4 0.00 4.02 0.00 0.00 0.00 0.73 0.74 0.00 3.42 0.00 0.00 8.77 


99.5 0.00 3.35 0.00 0.00 0.00 0.61 0.62 0.00 2.85 0.00 0.00 7.31 


99.6 0.00 2.68 0.00 0.00 0.00 0.49 0.50 0.00 2.28 0.00 0.00 5.85 
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Table 1.100: Monthly collision risk estimates for herring gull calculated using Option 2 of Band (2012) using 
the mean estimate of density and confidence intervals associated with flight height distribution with a nocturnal 


activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


99.4 0.00 1.52 0.00 0.00 0.00 0.55 0.56 0.00 2.58 0.00 0.00 3.67 


99.5 0.00 1.26 0.00 0.00 0.00 0.46 0.47 0.00 2.15 0.00 0.00 3.06 


99.6 0.00 1.01 0.00 0.00 0.00 0.37 0.37 0.00 1.72 0.00 0.00 2.45 


Flight height distribution = Upper confidence limit 


99.4 0.00 2.55 0.00 0.00 0.00 0.93 0.94 0.00 4.33 0.00 0.00 6.17 


99.5 0.00 2.12 0.00 0.00 0.00 0.77 0.78 0.00 3.61 0.00 0.00 5.14 


99.6 0.00 1.70 0.00 0.00 0.00 0.62 0.63 0.00 2.89 0.00 0.00 4.11 


Flight height distribution = Lower confidence limit 


99.4 0.00 1.02 0.00 0.00 0.00 0.37 0.38 0.00 1.73 0.00 0.00 2.46 


99.5 0.00 0.85 0.00 0.00 0.00 0.31 0.31 0.00 1.44 0.00 0.00 2.05 


99.6 0.00 0.68 0.00 0.00 0.00 0.25 0.25 0.00 1.15 0.00 0.00 1.64 


 


Table 1.101: Monthly collision risk estimates for herring gull calculated using Option 2 of Band (2012) using 
the mean estimate + UCL of density and confidence intervals associated with flight height distribution with a 


nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


99.4 0.00 3.03 0.00 0.00 0.00 0.55 0.56 0.00 2.58 0.00 0.00 6.61 


99.5 0.00 2.53 0.00 0.00 0.00 0.46 0.47 0.00 2.15 0.00 0.00 5.51 


99.6 0.00 2.02 0.00 0.00 0.00 0.37 0.37 0.00 1.72 0.00 0.00 4.41 


Flight height distribution = Upper confidence limit 


99.4 0.00 5.10 0.00 0.00 0.00 0.93 0.94 0.00 4.33 0.00 0.00 11.10 


99.5 0.00 4.25 0.00 0.00 0.00 0.77 0.78 0.00 3.61 0.00 0.00 9.25 


99.6 0.00 3.40 0.00 0.00 0.00 0.62 0.63 0.00 2.89 0.00 0.00 7.40 


Flight height distribution = Lower confidence limit 


99.4 0.00 2.03 0.00 0.00 0.00 0.37 0.38 0.00 1.73 0.00 0.00 4.43 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


99.5 0.00 1.70 0.00 0.00 0.00 0.31 0.31 0.00 1.44 0.00 0.00 3.70 


99.6 0.00 1.36 0.00 0.00 0.00 0.25 0.25 0.00 1.15 0.00 0.00 2.96 


 


Table 1.102: Monthly collision risk estimates for herring gull calculated using Option 3 of Band (2012) using 
the mean estimate of density and confidence intervals associated with flight height distribution with a nocturnal 


activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98.8 0.00 1.02 0.00 0.00 0.00 0.37 0.38 0.00 1.73 0.00 0.00 2.47 


99.0 0.00 0.85 0.00 0.00 0.00 0.31 0.31 0.00 1.45 0.00 0.00 2.06 


99.2 0.00 0.68 0.00 0.00 0.00 0.25 0.25 0.00 1.16 0.00 0.00 1.65 


Flight height distribution = Upper confidence limit 


98.8 0.00 2.44 0.00 0.00 0.00 0.89 0.90 0.00 4.14 0.00 0.00 5.90 


99.0 0.00 2.03 0.00 0.00 0.00 0.74 0.75 0.00 3.45 0.00 0.00 4.92 


99.2 0.00 1.62 0.00 0.00 0.00 0.59 0.60 0.00 2.76 0.00 0.00 3.93 


Flight height distribution = Lower confidence limit 


98.8 0.00 0.60 0.00 0.00 0.00 0.22 0.22 0.00 1.01 0.00 0.00 1.44 


99.0 0.00 0.50 0.00 0.00 0.00 0.18 0.18 0.00 0.84 0.00 0.00 1.20 


99.2 0.00 0.40 0.00 0.00 0.00 0.14 0.15 0.00 0.68 0.00 0.00 0.96 


 


Table 1.103: Monthly collision risk estimates for herring gull calculated using Option 3 of Band (2012) using 
the mean estimate + UCL of density and confidence intervals associated with flight height distribution with a 


nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98.8 0.00 2.04 0.00 0.00 0.00 0.37 0.38 0.00 1.73 0.00 0.00 4.44 


99.0 0.00 1.70 0.00 0.00 0.00 0.31 0.31 0.00 1.45 0.00 0.00 3.70 


99.2 0.00 1.36 0.00 0.00 0.00 0.25 0.25 0.00 1.16 0.00 0.00 2.96 


Flight height distribution = Upper confidence limit 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


98.8 0.00 4.87 0.00 0.00 0.00 0.89 0.90 0.00 4.14 0.00 0.00 10.62 


99.0 0.00 4.06 0.00 0.00 0.00 0.74 0.75 0.00 3.45 0.00 0.00 8.85 


99.2 0.00 3.25 0.00 0.00 0.00 0.59 0.60 0.00 2.76 0.00 0.00 7.08 


Flight height distribution = Lower confidence limit 


98.8 0.00 1.19 0.00 0.00 0.00 0.22 0.22 0.00 1.01 0.00 0.00 2.60 


99.0 0.00 0.99 0.00 0.00 0.00 0.18 0.18 0.00 0.84 0.00 0.00 2.17 


99.2 0.00 0.79 0.00 0.00 0.00 0.14 0.15 0.00 0.68 0.00 0.00 1.73 


 


Table 1.104: Monthly collision risk estimates for herring gull calculated using Option 1 of Band (2012) using 
confidence intervals associated with density with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


99.4 0.00 1.38 0.00 0.00 0.00 0.43 0.44 0.00 2.18 0.00 0.00 3.56 


99.5 0.00 1.15 0.00 0.00 0.00 0.36 0.37 0.00 1.82 0.00 0.00 2.97 


99.6 0.00 0.92 0.00 0.00 0.00 0.29 0.29 0.00 1.45 0.00 0.00 2.38 


Density = Mean estimate + UCL 


99.4 0.00 2.76 0.00 0.00 0.00 0.43 0.44 0.00 2.18 0.00 0.00 6.41 


99.5 0.00 2.30 0.00 0.00 0.00 0.36 0.37 0.00 1.82 0.00 0.00 5.35 


99.6 0.00 1.84 0.00 0.00 0.00 0.29 0.29 0.00 1.45 0.00 0.00 4.28 


Density = Upper confidence limit 


99.4 0.00 2.76 0.00 0.00 0.00 1.52 1.32 0.00 4.76 0.00 0.00 6.41 


99.5 0.00 2.30 0.00 0.00 0.00 1.26 1.10 0.00 3.97 0.00 0.00 5.35 


99.6 0.00 1.84 0.00 0.00 0.00 1.01 0.88 0.00 3.17 0.00 0.00 4.28 


Density = Lower confidence limit 


99.4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.07 


99.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.89 


99.6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.71 
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Table 1.105: Monthly collision risk estimates for herring gull calculated using Option 2 of Band (2012) using 
confidence intervals associated with density with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


99.4 0.00 1.92 0.00 0.00 0.00 0.60 0.62 0.00 3.05 0.00 0.00 4.97 


99.5 0.00 1.60 0.00 0.00 0.00 0.50 0.51 0.00 2.54 0.00 0.00 4.15 


99.6 0.00 1.28 0.00 0.00 0.00 0.40 0.41 0.00 2.03 0.00 0.00 3.32 


Density = Mean estimate + UCL 


99.4 0.00 3.85 0.00 0.00 0.00 0.60 0.62 0.00 3.05 0.00 0.00 8.95 


99.5 0.00 3.21 0.00 0.00 0.00 0.50 0.51 0.00 2.54 0.00 0.00 7.46 


99.6 0.00 2.57 0.00 0.00 0.00 0.40 0.41 0.00 2.03 0.00 0.00 5.97 


Density = Upper confidence limit 


99.4 0.00 3.85 0.00 0.00 0.00 2.12 1.85 0.00 6.64 0.00 0.00 8.95 


99.5 0.00 3.21 0.00 0.00 0.00 1.76 1.54 0.00 5.54 0.00 0.00 7.46 


99.6 0.00 2.57 0.00 0.00 0.00 1.41 1.23 0.00 4.43 0.00 0.00 5.97 


Density = Lower confidence limit 


99.4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.49 


99.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.24 


99.6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.99 


 


Table 1.106: Monthly collision risk estimates for herring gull calculated using Option 3 of Band (2012) using 
confidence intervals associated with density with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98.8 0.00 1.29 0.00 0.00 0.00 0.41 0.41 0.00 2.05 0.00 0.00 3.34 


99.0 0.00 1.08 0.00 0.00 0.00 0.34 0.35 0.00 1.71 0.00 0.00 2.79 


99.2 0.00 0.86 0.00 0.00 0.00 0.27 0.28 0.00 1.36 0.00 0.00 2.23 


Density = Mean estimate + UCL 


98.8 0.00 2.59 0.00 0.00 0.00 0.41 0.41 0.00 2.05 0.00 0.00 6.02 


99.0 0.00 2.16 0.00 0.00 0.00 0.34 0.35 0.00 1.71 0.00 0.00 5.02 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


99.2 0.00 1.72 0.00 0.00 0.00 0.27 0.28 0.00 1.36 0.00 0.00 4.01 


Density = Upper confidence limit 


98.8 0.00 2.59 0.00 0.00 0.00 1.42 1.24 0.00 4.47 0.00 0.00 6.02 


99.0 0.00 2.16 0.00 0.00 0.00 1.19 1.04 0.00 3.72 0.00 0.00 5.02 


99.2 0.00 1.72 0.00 0.00 0.00 0.95 0.83 0.00 2.98 0.00 0.00 4.01 


Density = Lower confidence limit 


98.8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 


99.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.84 


99.2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.67 


 


Table 1.107: Monthly collision risk estimates for herring gull calculated using Option 1 of Band (2012) using 
the mean estimate of density and confidence intervals associated with flight height distribution with a nocturnal 


activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Mean estimate 


99.4 0.00 1.38 0.00 0.00 0.00 0.43 0.44 0.00 2.18 0.00 0.00 3.56 


99.5 0.00 1.15 0.00 0.00 0.00 0.36 0.37 0.00 1.82 0.00 0.00 2.97 


99.6 0.00 0.92 0.00 0.00 0.00 0.29 0.29 0.00 1.45 0.00 0.00 2.38 


PCH = Upper confidence metric 


99.4 0.00 2.55 0.00 0.00 0.00 0.80 0.82 0.00 4.04 0.00 0.00 6.60 


99.5 0.00 2.13 0.00 0.00 0.00 0.67 0.68 0.00 3.37 0.00 0.00 5.50 


99.6 0.00 1.70 0.00 0.00 0.00 0.53 0.55 0.00 2.69 0.00 0.00 4.40 


 


Table 1.108: Monthly collision risk estimates for herring gull calculated using Option 1 of Band (2012) using 
the mean estimate + UCL of density and confidence intervals associated with flight height distribution with a 


nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Mean estimate 


99.4 0.00 2.76 0.00 0.00 0.00 0.43 0.44 0.00 2.18 0.00 0.00 6.41 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


99.5 0.00 2.30 0.00 0.00 0.00 0.36 0.37 0.00 1.82 0.00 0.00 5.35 


99.6 0.00 1.84 0.00 0.00 0.00 0.29 0.29 0.00 1.45 0.00 0.00 4.28 


PCH = Upper confidence metric 


99.4 0.00 5.10 0.00 0.00 0.00 0.80 0.82 0.00 4.04 0.00 0.00 0.00 


99.5 0.00 4.25 0.00 0.00 0.00 0.67 0.68 0.00 3.37 0.00 0.00 0.00 


99.6 0.00 3.40 0.00 0.00 0.00 0.53 0.55 0.00 2.69 0.00 0.00 0.00 


 


Table 1.109: Monthly collision risk estimates for herring gull calculated using Option 2 of Band (2012) using 
the mean estimate of density and confidence intervals associated with flight height distribution with a nocturnal 


activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


99.4 0.00 1.92 0.00 0.00 0.00 0.60 0.62 0.00 3.05 0.00 0.00 4.97 


99.5 0.00 1.60 0.00 0.00 0.00 0.50 0.51 0.00 2.54 0.00 0.00 4.15 


99.6 0.00 1.28 0.00 0.00 0.00 0.40 0.41 0.00 2.03 0.00 0.00 3.32 


Flight height distribution = Upper confidence limit 


99.4 0.00 3.23 0.00 0.00 0.00 1.02 1.04 0.00 5.11 0.00 0.00 8.35 


99.5 0.00 2.69 0.00 0.00 0.00 0.85 0.86 0.00 4.26 0.00 0.00 6.96 


99.6 0.00 2.15 0.00 0.00 0.00 0.68 0.69 0.00 3.41 0.00 0.00 5.57 


Flight height distribution = Lower confidence limit 


99.4 0.00 1.29 0.00 0.00 0.00 0.41 0.41 0.00 2.04 0.00 0.00 3.34 


99.5 0.00 1.08 0.00 0.00 0.00 0.34 0.34 0.00 1.70 0.00 0.00 2.78 


99.6 0.00 0.86 0.00 0.00 0.00 0.27 0.28 0.00 1.36 0.00 0.00 2.22 


 


Table 1.110: Monthly collision risk estimates for herring gull calculated using Option 2 of Band (2012) using 
the mean estimate + UCL of density and confidence intervals associated with flight height distribution with a 


nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


99.4 0.00 3.85 0.00 0.00 0.00 0.60 0.62 0.00 3.05 0.00 0.00 8.95 


99.5 0.00 3.21 0.00 0.00 0.00 0.50 0.51 0.00 2.54 0.00 0.00 7.46 


99.6 0.00 2.57 0.00 0.00 0.00 0.40 0.41 0.00 2.03 0.00 0.00 5.97 


Flight height distribution = Upper confidence limit 


99.4 0.00 6.46 0.00 0.00 0.00 1.02 1.04 0.00 5.11 0.00 0.00 15.04 


99.5 0.00 5.38 0.00 0.00 0.00 0.85 0.86 0.00 4.26 0.00 0.00 12.53 


99.6 0.00 4.31 0.00 0.00 0.00 0.68 0.69 0.00 3.41 0.00 0.00 10.03 


Flight height distribution = Lower confidence limit 


99.4 0.00 2.58 0.00 0.00 0.00 0.41 0.41 0.00 2.04 0.00 0.00 6.01 


99.5 0.00 2.15 0.00 0.00 0.00 0.34 0.34 0.00 1.70 0.00 0.00 5.00 


99.6 0.00 1.72 0.00 0.00 0.00 0.27 0.28 0.00 1.36 0.00 0.00 4.00 


 


Table 1.111: Monthly collision risk estimates for herring gull calculated using Option 3 of Band (2012) using 
the mean estimate of density and confidence intervals associated with flight height distribution with a nocturnal 


activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98.8 0.00 1.29 0.00 0.00 0.00 0.41 0.41 0.00 2.05 0.00 0.00 3.34 


99.0 0.00 1.08 0.00 0.00 0.00 0.34 0.35 0.00 1.71 0.00 0.00 2.79 


99.2 0.00 0.86 0.00 0.00 0.00 0.27 0.28 0.00 1.36 0.00 0.00 2.23 


Flight height distribution = Upper confidence limit 


98.8 0.00 3.09 0.00 0.00 0.00 0.97 0.99 0.00 4.89 0.00 0.00 7.99 


99.0 0.00 2.57 0.00 0.00 0.00 0.81 0.82 0.00 4.07 0.00 0.00 6.66 


99.2 0.00 2.06 0.00 0.00 0.00 0.65 0.66 0.00 3.26 0.00 0.00 5.33 


Flight height distribution = Lower confidence limit 


98.8 0.00 0.76 0.00 0.00 0.00 0.24 0.24 0.00 1.20 0.00 0.00 1.95 


99.0 0.00 0.63 0.00 0.00 0.00 0.20 0.20 0.00 1.00 0.00 0.00 1.63 


99.2 0.00 0.50 0.00 0.00 0.00 0.16 0.16 0.00 0.80 0.00 0.00 1.30 
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Table 1.112: Monthly collision risk estimates for herring gull calculated using Option 3 of Band (2012) using 
the mean estimate + UCL of density and confidence intervals associated with flight height distribution with a 


nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98.8 0.00 2.59 0.00 0.00 0.00 0.41 0.41 0.00 2.05 0.00 0.00 6.02 


99.0 0.00 2.16 0.00 0.00 0.00 0.34 0.35 0.00 1.71 0.00 0.00 5.02 


99.2 0.00 1.72 0.00 0.00 0.00 0.27 0.28 0.00 1.36 0.00 0.00 4.01 


Flight height distribution = Upper confidence limit 


98.8 0.00 6.18 0.00 0.00 0.00 0.97 0.99 0.00 4.89 0.00 0.00 14.38 


99.0 0.00 5.15 0.00 0.00 0.00 0.81 0.82 0.00 4.07 0.00 0.00 11.98 


99.2 0.00 4.12 0.00 0.00 0.00 0.65 0.66 0.00 3.26 0.00 0.00 9.59 


Flight height distribution = Lower confidence limit 


98.8 0.00 1.51 0.00 0.00 0.00 0.24 0.24 0.00 1.20 0.00 0.00 3.52 


99.0 0.00 1.26 0.00 0.00 0.00 0.20 0.20 0.00 1.00 0.00 0.00 2.93 


99.2 0.00 1.01 0.00 0.00 0.00 0.16 0.16 0.00 0.80 0.00 0.00 2.35 


 


 Great black-backed gull 


Table 1.113: Monthly collision risk estimates for great black-backed gull calculated using Option 1 of Band 
(2012) using confidence intervals associated with density with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


99.4 2.79 0.78 0.88 0.22 0.00 0.62 7.63 0.72 2.46 1.98 3.18 9.34 


99.5 2.33 0.65 0.73 0.19 0.00 0.52 6.36 0.60 2.05 1.65 2.65 7.78 


99.6 1.86 0.52 0.59 0.15 0.00 0.42 5.08 0.48 1.64 1.32 2.12 6.23 


Density = Mean estimate + UCL 


99.4 5.43 1.69 1.94 0.22 0.00 0.62 7.63 0.72 2.46 1.98 3.18 14.02 


99.5 4.53 1.41 1.61 0.19 0.00 0.52 6.36 0.60 2.05 1.65 2.65 11.69 


99.6 3.62 1.13 1.29 0.15 0.00 0.42 5.08 0.48 1.64 1.32 2.12 9.35 


Density = Upper confidence limit 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


99.4 5.43 1.69 1.94 0.50 0.00 1.11 15.21 1.21 4.68 3.01 4.14 14.02 


99.5 4.53 1.41 1.61 0.42 0.00 0.93 12.68 1.00 3.90 2.51 3.45 11.69 


99.6 3.62 1.13 1.29 0.34 0.00 0.74 10.14 0.80 3.12 2.01 2.76 9.35 


Density = Lower confidence limit 


99.4 0.60 0.00 0.00 0.00 0.00 0.14 0.04 0.24 0.00 0.00 2.23 5.56 


99.5 0.50 0.00 0.00 0.00 0.00 0.11 0.03 0.20 0.00 0.00 1.86 4.64 


99.6 0.40 0.00 0.00 0.00 0.00 0.09 0.03 0.16 0.00 0.00 1.49 3.71 


 


Table 1.114: Monthly collision risk estimates for great black-backed gull calculated using Option 2 of Band 
(2012) using confidence intervals associated with density with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


99.4 5.81 1.61 1.83 0.47 0.00 1.30 15.86 1.50 5.11 4.11 6.62 19.42 


99.5 4.84 1.34 1.53 0.39 0.00 1.08 13.22 1.25 4.26 3.42 5.52 16.18 


99.6 3.87 1.07 1.22 0.31 0.00 0.86 10.57 1.00 3.41 2.74 4.41 12.94 


Density = Mean estimate + UCL 


99.4 11.30 3.51 4.03 0.47 0.00 1.30 15.86 1.50 5.11 4.11 6.62 29.16 


99.5 9.42 2.93 3.35 0.39 0.00 1.08 13.22 1.25 4.26 3.42 5.52 24.30 


99.6 7.53 2.34 2.68 0.31 0.00 0.86 10.57 1.00 3.41 2.74 4.41 19.44 


Density = Upper confidence limit 


99.4 11.30 3.51 4.03 1.05 0.00 2.31 31.63 2.51 9.73 6.26 8.61 29.16 


99.5 9.42 2.93 3.35 0.87 0.00 1.92 26.36 2.09 8.11 5.22 7.18 24.30 


99.6 7.53 2.34 2.68 0.70 0.00 1.54 21.09 1.67 6.49 4.18 5.74 19.44 


Density = Lower confidence limit 


99.4 1.26 0.00 0.00 0.00 0.00 0.28 0.09 0.50 0.00 0.00 4.63 11.57 


99.5 1.05 0.00 0.00 0.00 0.00 0.24 0.07 0.42 0.00 0.00 3.86 9.64 


99.6 0.84 0.00 0.00 0.00 0.00 0.19 0.06 0.33 0.00 0.00 3.09 7.71 
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Table 1.115: Monthly collision risk estimates for great black-backed gull calculated using Option 3 of Band 
(2012) using confidence intervals associated with density with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98.7 4.54 1.26 1.43 0.36 0.00 1.01 12.39 1.17 4.00 3.21 5.17 15.17 


98.9 3.84 1.07 1.21 0.31 0.00 0.86 10.49 0.99 3.38 2.72 4.38 12.84 


99.1 3.14 0.87 0.99 0.25 0.00 0.70 8.58 0.81 2.77 2.22 3.58 10.50 


Density = Mean estimate + UCL 


98.7 8.83 2.74 3.15 0.36 0.00 1.01 12.39 1.17 4.00 3.21 5.17 22.79 


98.9 7.47 2.32 2.66 0.31 0.00 0.86 10.49 0.99 3.38 2.72 4.38 19.28 


99.1 6.11 1.90 2.18 0.25 0.00 0.70 8.58 0.81 2.77 2.22 3.58 15.77 


Density = Upper confidence limit 


98.7 8.83 2.74 3.15 0.82 0.00 1.80 24.72 1.96 7.60 4.89 6.73 22.79 


98.9 7.47 2.32 2.66 0.69 0.00 1.53 20.92 1.66 6.43 4.14 5.69 19.28 


99.1 6.11 1.90 2.18 0.57 0.00 1.25 17.11 1.36 5.26 3.39 4.66 15.77 


Density = Lower confidence limit 


98.7 0.98 0.00 0.00 0.00 0.00 0.22 0.07 0.39 0.00 0.00 3.62 9.04 


98.9 0.83 0.00 0.00 0.00 0.00 0.19 0.06 0.33 0.00 0.00 3.06 7.65 


99.1 0.68 0.00 0.00 0.00 0.00 0.15 0.05 0.27 0.00 0.00 2.51 6.26 


 


Table 1.116: Monthly collision risk estimates for great black-backed gull calculated using Option 1 of Band 
(2012) using the mean estimate of density and confidence intervals associated with flight height distribution 


with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Mean estimate 


99.4 2.79 0.78 0.88 0.22 0.00 0.62 7.63 0.72 2.46 1.98 3.18 9.34 


99.5 2.33 0.65 0.73 0.19 0.00 0.52 6.36 0.60 2.05 1.65 2.65 7.78 


99.6 1.86 0.52 0.59 0.15 0.00 0.42 5.08 0.48 1.64 1.32 2.12 6.23 


PCH = Upper confidence metric 


99.4 7.31 2.03 2.31 0.59 0.00 1.63 19.95 1.89 6.43 5.17 8.33 24.42 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


99.5 6.09 1.69 1.92 0.49 0.00 1.36 16.62 1.58 5.36 4.31 6.94 20.35 


99.6 4.87 1.35 1.54 0.39 0.00 1.09 13.30 1.26 4.29 3.45 5.55 16.28 


 


Table 1.117: Monthly collision risk estimates for great black-backed gull calculated using Option 1 of Band 
(2012) using the mean estimate + UCL of density and confidence intervals associated with flight height 


distribution with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Mean estimate 


99.4 5.43 1.69 1.94 0.22 0.00 0.62 7.63 0.72 2.46 1.98 3.18 14.02 


99.5 4.53 1.41 1.61 0.19 0.00 0.52 6.36 0.60 2.05 1.65 2.65 11.69 


99.6 3.62 1.13 1.29 0.15 0.00 0.42 5.08 0.48 1.64 1.32 2.12 9.35 


PCH = Upper confidence metric 


99.4 14.21 4.42 5.06 0.59 0.00 1.63 19.95 1.89 6.43 5.17 8.33 36.68 


99.5 11.84 3.68 4.22 0.49 0.00 1.36 16.62 1.58 5.36 4.31 6.94 30.56 


99.6 9.48 2.94 3.38 0.39 0.00 1.09 13.30 1.26 4.29 3.45 5.55 24.45 


 


Table 1.118: Monthly collision risk estimates for great black-backed gull calculated using Option 2 of Band 
(2012) using the mean estimate of density and confidence intervals associated with flight height distribution 


with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


99.4 5.81 1.61 1.83 0.47 0.00 1.30 15.86 1.50 5.11 4.11 6.62 19.42 


99.5 4.84 1.34 1.53 0.39 0.00 1.08 13.22 1.25 4.26 3.42 5.52 16.18 


99.6 3.87 1.07 1.22 0.31 0.00 0.86 10.57 1.00 3.41 2.74 4.41 12.94 


Flight height distribution = Upper confidence limit 


99.4 10.03 2.78 3.16 0.80 0.00 2.24 27.39 2.60 8.83 7.10 11.43 33.53 


99.5 8.36 2.32 2.64 0.67 0.00 1.87 22.82 2.16 7.36 5.91 9.53 27.94 


99.6 6.69 1.86 2.11 0.54 0.00 1.49 18.26 1.73 5.89 4.73 7.62 22.35 


Flight height distribution = Lower confidence limit 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


99.4 4.57 1.27 1.44 0.37 0.00 1.02 12.48 1.18 4.03 3.23 5.21 15.28 


99.5 3.81 1.06 1.20 0.31 0.00 0.85 10.40 0.99 3.36 2.70 4.34 12.74 


99.6 3.05 0.85 0.96 0.24 0.00 0.68 8.32 0.79 2.68 2.16 3.48 10.19 


 


Table 1.119: Monthly collision risk estimates for great black-backed gull calculated using Option 2 of Band 
(2012) using the mean estimate + UCL of density and confidence intervals associated with flight height 


distribution with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


99.4 11.30 3.51 4.03 0.47 0.00 1.30 15.86 1.50 5.11 4.11 6.62 29.16 


99.5 9.42 2.93 3.35 0.39 0.00 1.08 13.22 1.25 4.26 3.42 5.52 24.30 


99.6 7.53 2.34 2.68 0.31 0.00 0.86 10.57 1.00 3.41 2.74 4.41 19.44 


Flight height distribution = Upper confidence limit 


99.4 19.51 6.06 6.95 0.80 0.00 2.24 27.39 2.60 8.83 7.10 11.43 50.35 


99.5 16.26 5.05 5.79 0.67 0.00 1.87 22.82 2.16 7.36 5.91 9.53 41.96 


99.6 13.01 4.04 4.63 0.54 0.00 1.49 18.26 1.73 5.89 4.73 7.62 33.57 


Flight height distribution = Lower confidence limit 


99.4 8.90 2.76 3.17 0.37 0.00 1.02 12.48 1.18 4.03 3.23 5.21 22.95 


99.5 7.41 2.30 2.64 0.31 0.00 0.85 10.40 0.99 3.36 2.70 4.34 19.13 


99.6 5.93 1.84 2.11 0.24 0.00 0.68 8.32 0.79 2.68 2.16 3.48 15.30 


 


Table 1.120: Monthly collision risk estimates for great black-backed gull calculated using Option 3 of Band 
(2012) using the mean estimate of density and confidence intervals associated with flight height distribution 


with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98.7 4.54 1.26 1.43 0.36 0.00 1.01 12.39 1.17 4.00 3.21 5.17 15.17 


98.9 3.84 1.07 1.21 0.31 0.00 0.86 10.49 0.99 3.38 2.72 4.38 12.84 


99.1 3.14 0.87 0.99 0.25 0.00 0.70 8.58 0.81 2.77 2.22 3.58 10.50 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Upper confidence limit 


98.7 10.94 3.04 3.45 0.88 0.00 2.44 29.87 2.83 9.63 7.74 12.47 36.57 


98.9 9.26 2.57 2.92 0.74 0.00 2.07 25.27 2.40 8.15 6.55 10.55 30.94 


99.1 7.58 2.10 2.39 0.61 0.00 1.69 20.68 1.96 6.67 5.36 8.63 25.31 


Flight height distribution = Lower confidence limit 


98.7 3.17 0.88 1.00 0.25 0.00 0.71 8.65 0.82 2.79 2.24 3.61 10.59 


98.9 2.68 0.74 0.85 0.21 0.00 0.60 7.32 0.69 2.36 1.90 3.06 8.96 


99.1 2.19 0.61 0.69 0.18 0.00 0.49 5.99 0.57 1.93 1.55 2.50 7.33 


 


Table 1.121: Monthly collision risk estimates for great black-backed gull calculated using Option 3 of Band 
(2012) using the mean estimate + UCL of density and confidence intervals associated with flight height 


distribution with a nocturnal activity factor of 2. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98.7 8.83 2.74 3.15 0.36 0.00 1.01 12.39 1.17 4.00 3.21 5.17 22.79 


98.9 7.47 2.32 2.66 0.31 0.00 0.86 10.49 0.99 3.38 2.72 4.38 19.28 


99.1 6.11 1.90 2.18 0.25 0.00 0.70 8.58 0.81 2.77 2.22 3.58 15.77 


Flight height distribution = Upper confidence limit 


98.7 21.28 6.61 7.58 0.88 0.00 2.44 29.87 2.83 9.63 7.74 12.47 54.91 


98.9 18.01 5.59 6.41 0.74 0.00 2.07 25.27 2.40 8.15 6.55 10.55 46.47 


99.1 14.73 4.58 5.25 0.61 0.00 1.69 20.68 1.96 6.67 5.36 8.63 38.02 


Flight height distribution = Lower confidence limit 


98.7 6.16 1.92 2.20 0.25 0.00 0.71 8.65 0.82 2.79 2.24 3.61 15.91 


98.9 5.22 1.62 1.86 0.21 0.00 0.60 7.32 0.69 2.36 1.90 3.06 13.46 


99.1 4.27 1.33 1.52 0.18 0.00 0.49 5.99 0.57 1.93 1.55 2.50 11.01 


 


Table 1.122: Monthly collision risk estimates for great black-backed gull calculated using Option 1 of Band 
(2012) using confidence intervals associated with density with a nocturnal activity factor of 3. 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


99.4 3.72 0.98 1.06 0.26 0.00 0.68 8.40 0.82 2.90 2.45 4.17 12.65 


99.5 3.10 0.82 0.89 0.21 0.00 0.57 7.00 0.68 2.42 2.04 3.47 10.54 


99.6 2.48 0.66 0.71 0.17 0.00 0.45 5.60 0.55 1.94 1.63 2.78 8.43 


Density = Mean estimate + UCL 


99.4 7.24 2.14 2.33 0.26 0.00 0.68 8.40 0.82 2.90 2.45 4.17 18.99 


99.5 6.03 1.78 1.94 0.21 0.00 0.57 7.00 0.68 2.42 2.04 3.47 15.83 


99.6 4.83 1.43 1.56 0.17 0.00 0.45 5.60 0.55 1.94 1.63 2.78 12.66 


Density = Upper confidence limit 


99.4 7.24 2.14 2.33 0.58 0.00 1.21 16.75 1.37 5.52 3.73 5.42 18.99 


99.5 6.03 1.78 1.94 0.48 0.00 1.01 13.96 1.14 4.60 3.11 4.51 15.83 


99.6 4.83 1.43 1.56 0.39 0.00 0.81 11.17 0.91 3.68 2.49 3.61 12.66 


Density = Lower confidence limit 


99.4 0.80 0.00 0.00 0.00 0.00 0.15 0.05 0.27 0.00 0.00 2.91 7.53 


99.5 0.67 0.00 0.00 0.00 0.00 0.12 0.04 0.23 0.00 0.00 2.43 6.28 


99.6 0.54 0.00 0.00 0.00 0.00 0.10 0.03 0.18 0.00 0.00 1.94 5.02 


 


Table 1.123: Monthly collision risk estimates for great black-backed gull calculated using Option 2 of Band 
(2012) using confidence intervals associated with density with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


99.4 7.74 2.04 2.21 0.54 0.00 1.42 17.47 1.70 6.04 5.09 8.66 26.30 


99.5 6.45 1.70 1.84 0.45 0.00 1.18 14.55 1.42 5.03 4.25 7.22 21.91 


99.6 5.16 1.36 1.47 0.36 0.00 0.95 11.64 1.14 4.02 3.40 5.77 17.53 


Density = Mean estimate + UCL 


99.4 15.05 4.45 4.85 0.54 0.00 1.42 17.47 1.70 6.04 5.09 8.66 39.49 


99.5 12.54 3.71 4.04 0.45 0.00 1.18 14.55 1.42 5.03 4.25 7.22 32.91 


99.6 10.03 2.97 3.23 0.36 0.00 0.95 11.64 1.14 4.02 3.40 5.77 26.33 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Upper confidence limit 


99.4 15.05 4.45 4.85 1.21 0.00 2.52 34.83 2.84 11.48 7.77 11.26 39.49 


99.5 12.54 3.71 4.04 1.01 0.00 2.10 29.03 2.37 9.57 6.47 9.38 32.91 


99.6 10.03 2.97 3.23 0.81 0.00 1.68 23.22 1.89 7.66 5.18 7.51 26.33 


Density = Lower confidence limit 


99.4 1.67 0.00 0.00 0.00 0.00 0.31 0.10 0.57 0.00 0.00 6.06 15.67 


99.5 1.39 0.00 0.00 0.00 0.00 0.26 0.08 0.47 0.00 0.00 5.05 13.06 


99.6 1.11 0.00 0.00 0.00 0.00 0.21 0.06 0.38 0.00 0.00 4.04 10.44 


 


Table 1.124: Monthly collision risk estimates for great black-backed gull calculated using Option 3 of Band 
(2012) using confidence intervals associated with density with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Density = Mean estimate 


98.7 6.05 1.60 1.73 0.42 0.00 1.11 13.65 1.33 4.72 3.98 6.77 20.55 


98.9 5.12 1.35 1.46 0.35 0.00 0.94 11.55 1.13 3.99 3.37 5.73 17.39 


99.1 4.19 1.11 1.19 0.29 0.00 0.77 9.45 0.92 3.27 2.76 4.69 14.23 


Density = Mean estimate + UCL 


98.7 11.76 3.48 3.79 0.42 0.00 1.11 13.65 1.33 4.72 3.98 6.77 30.86 


98.9 9.95 2.94 3.21 0.35 0.00 0.94 11.55 1.13 3.99 3.37 5.73 26.11 


99.1 8.14 2.41 2.62 0.29 0.00 0.77 9.45 0.92 3.27 2.76 4.69 21.36 


Density = Upper confidence limit 


98.7 11.76 3.48 3.79 0.94 0.00 1.97 27.22 2.22 8.97 6.07 8.80 30.86 


98.9 9.95 2.94 3.21 0.80 0.00 1.67 23.03 1.88 7.59 5.13 7.45 26.11 


99.1 8.14 2.41 2.62 0.65 0.00 1.37 18.84 1.54 6.21 4.20 6.09 21.36 


Density = Lower confidence limit 


98.7 1.31 0.00 0.00 0.00 0.00 0.24 0.08 0.44 0.00 0.00 4.74 12.24 


98.9 1.11 0.00 0.00 0.00 0.00 0.21 0.06 0.37 0.00 0.00 4.01 10.36 


99.1 0.90 0.00 0.00 0.00 0.00 0.17 0.05 0.31 0.00 0.00 3.28 8.48 
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Table 1.125: Monthly collision risk estimates for great black-backed gull calculated using Option 1 of Band 
(2012) using the mean estimate of density and confidence intervals associated with flight height distribution 


with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Mean estimate 


99.4 3.72 0.98 1.06 0.26 0.00 0.68 8.40 0.82 2.90 2.45 4.17 12.65 


99.5 3.10 0.82 0.89 0.21 0.00 0.57 7.00 0.68 2.42 2.04 3.47 10.54 


99.6 2.48 0.66 0.71 0.17 0.00 0.45 5.60 0.55 1.94 1.63 2.78 8.43 


PCH = Upper confidence metric 


99.4 9.73 2.57 2.78 0.67 0.00 1.78 21.97 2.14 7.59 6.41 10.89 33.07 


99.5 8.11 2.14 2.32 0.56 0.00 1.49 18.31 1.79 6.33 5.34 9.08 27.56 


99.6 6.49 1.71 1.85 0.45 0.00 1.19 14.65 1.43 5.06 4.27 7.26 22.05 


 


Table 1.126: Monthly collision risk estimates for great black-backed gull calculated using Option 1 of Band 
(2012) using the mean estimate + UCL of density and confidence intervals associated with flight height 


distribution with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


PCH = Mean estimate 


99.4 7.24 2.14 2.33 0.26 0.00 0.68 8.40 0.82 2.90 2.45 4.17 18.99 


99.5 6.03 1.78 1.94 0.21 0.00 0.57 7.00 0.68 2.42 2.04 3.47 15.83 


99.6 4.83 1.43 1.56 0.17 0.00 0.45 5.60 0.55 1.94 1.63 2.78 12.66 


PCH = Upper confidence metric 


99.4 18.93 5.60 6.10 0.67 0.00 1.78 21.97 2.14 7.59 6.41 10.89 49.67 


99.5 15.77 4.67 5.08 0.56 0.00 1.49 18.31 1.79 6.33 5.34 9.08 41.39 


99.6 12.62 3.73 4.07 0.45 0.00 1.19 14.65 1.43 5.06 4.27 7.26 33.11 


 


Table 1.127: Monthly collision risk estimates for great black-backed gull calculated using Option 2 of Band 
(2012) using the mean estimate of density and confidence intervals associated with flight height distribution 


with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


99.4 7.74 2.04 2.21 0.54 0.00 1.42 17.47 1.70 6.04 5.09 8.66 26.30 


99.5 6.45 1.70 1.84 0.45 0.00 1.18 14.55 1.42 5.03 4.25 7.22 21.91 


99.6 5.16 1.36 1.47 0.36 0.00 0.95 11.64 1.14 4.02 3.40 5.77 17.53 


Flight height distribution = Upper confidence limit 


99.4 13.36 3.53 3.81 0.93 0.00 2.45 30.16 2.94 10.42 8.80 14.95 45.41 


99.5 11.14 2.94 3.18 0.77 0.00 2.04 25.13 2.45 8.69 7.33 12.46 37.84 


99.6 8.91 2.35 2.54 0.62 0.00 1.63 20.11 1.96 6.95 5.86 9.97 30.27 


Flight height distribution = Lower confidence limit 


99.4 6.09 1.61 1.74 0.42 0.00 1.12 13.75 1.34 4.75 4.01 6.82 20.70 


99.5 5.08 1.34 1.45 0.35 0.00 0.93 11.46 1.12 3.96 3.34 5.68 17.25 


99.6 4.06 1.07 1.16 0.28 0.00 0.74 9.17 0.89 3.17 2.67 4.54 13.80 


 


Table 1.128: Monthly collision risk estimates for great black-backed gull calculated using Option 2 of Band 
(2012) using the mean estimate + UCL of density and confidence intervals associated with flight height 


distribution with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


99.4 15.05 4.45 4.85 0.54 0.00 1.42 17.47 1.70 6.04 5.09 8.66 15.05 


99.5 12.54 3.71 4.04 0.45 0.00 1.18 14.55 1.42 5.03 4.25 7.22 12.54 


99.6 10.03 2.97 3.23 0.36 0.00 0.95 11.64 1.14 4.02 3.40 5.77 10.03 


Flight height distribution = Upper confidence limit 


99.4 25.99 7.69 8.38 0.93 0.00 2.45 30.16 2.94 10.42 8.80 14.95 68.19 


99.5 21.65 6.41 6.98 0.77 0.00 2.04 25.13 2.45 8.69 7.33 12.46 56.82 


99.6 17.32 5.12 5.58 0.62 0.00 1.63 20.11 1.96 6.95 5.86 9.97 45.46 


Flight height distribution = Lower confidence limit 


99.4 11.85 3.50 3.82 0.42 0.00 1.12 13.75 1.34 4.75 4.01 6.82 31.08 


99.5 9.87 2.92 3.18 0.35 0.00 0.93 11.46 1.12 3.96 3.34 5.68 25.90 


99.6 7.90 2.34 2.55 0.28 0.00 0.74 9.17 0.89 3.17 2.67 4.54 20.72 
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Table 1.129: Monthly collision risk estimates for great black-backed gull calculated using Option 3 of Band 
(2012) using the mean estimate of density and confidence intervals associated with flight height distribution 


with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98.7 6.05 1.60 1.73 0.42 0.00 1.11 13.65 1.33 4.72 3.98 6.77 20.55 


98.9 5.12 1.35 1.46 0.35 0.00 0.94 11.55 1.13 3.99 3.37 5.73 17.39 


99.1 4.19 1.11 1.19 0.29 0.00 0.77 9.45 0.92 3.27 2.76 4.69 14.23 


Flight height distribution = Upper confidence limit 


98.7 14.57 3.85 4.16 1.01 0.00 2.67 32.89 3.21 11.37 9.59 16.31 49.52 


98.9 12.33 3.26 3.52 0.85 0.00 2.26 27.83 2.71 9.62 8.12 13.80 41.90 


99.1 10.09 2.67 2.88 0.70 0.00 1.85 22.77 2.22 7.87 6.64 11.29 34.28 


Flight height distribution = Lower confidence limit 


98.7 4.22 1.12 1.20 0.29 0.00 0.77 9.53 0.93 3.29 2.78 4.72 14.35 


98.9 3.57 0.94 1.02 0.25 0.00 0.65 8.06 0.79 2.79 2.35 4.00 12.14 


99.1 2.92 0.77 0.83 0.20 0.00 0.54 6.60 0.64 2.28 1.92 3.27 9.93 


 


Table 1.130: Monthly collision risk estimates for great black-backed gull calculated using Option 3 of Band 
(2012) using the mean estimate + UCL of density and confidence intervals associated with flight height 


distribution with a nocturnal activity factor of 3. 


Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Maximum likelihood 


98.7 11.76 3.48 3.79 0.42 0.00 1.11 13.65 1.33 4.72 3.98 6.77 30.86 


98.9 9.95 2.94 3.21 0.35 0.00 0.94 11.55 1.13 3.99 3.37 5.73 26.11 


99.1 8.14 2.41 2.62 0.29 0.00 0.77 9.45 0.92 3.27 2.76 4.69 21.36 


Flight height distribution = Upper confidence limit 


98.7 28.34 8.38 9.14 1.01 0.00 2.67 32.89 3.21 11.37 9.59 16.31 74.37 


98.9 23.98 7.09 7.73 0.85 0.00 2.26 27.83 2.71 9.62 8.12 13.80 62.93 


99.1 19.62 5.80 6.32 0.70 0.00 1.85 22.77 2.22 7.87 6.64 11.29 51.49 
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Avoidance 
rate (%) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Flight height distribution = Lower confidence limit 


98.7 8.21 2.43 2.65 0.29 0.00 0.77 9.53 0.93 3.29 2.78 4.72 21.54 


98.9 6.95 2.06 2.24 0.25 0.00 0.65 8.06 0.79 2.79 2.35 4.00 18.23 


99.1 5.68 1.68 1.83 0.20 0.00 0.54 6.60 0.64 2.28 1.92 3.27 14.91 
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 Appendix C – Apportioned collision risk estimates 


 Gannet 


Table 1.131: Apportioned collision risk estimates for gannet when using the alternative analysis and confidence metrics associated with density 


Band 
model 
Option 


Nocturnal activity 
factor 


Density 
scenario 


Seasonal apportioning rate(s) (%) 


Total Post-
breeding 


Pre-
breeding 


Breeding 


4.8 6.2 10 20 30 40.4 46.5 63.3 72.8 


Option 1 


1 


Application 0 0 - - - 3 - - - 4 


LCL 0 0 1 1 2 3 3 4 5 1-5 


Mean 0 0 1 2 3 4 5 6 7 1-8 


Mean+UCL 0 0 1 2 3 4 5 7 8 2-8 


UCL 0 0 2 3 5 7 8 11 12 2-13 


2 


LCL 0 0 1 1 2 2 3 4 4 1-5 


Mean 0 0 1 2 4 5 6 7 9 2-9 


Mean+UCL 0 0 1 2 4 5 6 8 9 2-10 


UCL 0 0 1 3 4 6 7 9 11 2-11 


Option 2 1 


Application 1 0 - - - 7 - - - 8 


LCL 0 0 1 3 4 6 7 9 11 2-12 


Mean 0 0 2 4 7 9 10 14 16 3-17 


Mean+UCL 0 1 2 5 7 10 11 15 17 3-18 







 
 Alternative analysis 
 January 2019 
 


 115  


Band 
model 
Option 


Nocturnal activity 
factor 


Density 
scenario 


Seasonal apportioning rate(s) (%) Total 


UCL 1 1 4 7 11 15 17 24 27 5-29 


2 


LCL 0 0 1 3 4 5 6 8 9 2-10 


Mean 1 1 3 5 8 10 12 16 19 4-20 


Mean+UCL 1 1 3 5 8 11 13 17 20 4-22 


UCL 1 1 3 6 10 13 15 20 23 4-25 


Option 3 


1 


Application 0 0 - - - 3 - - - 3 


LCL 0 0 1 1 2 2 3 4 4 1-5 


Mean 0 0 1 2 3 4 4 6 7 1-7 


Mean+UCL 0 0 1 2 3 4 5 6 7 1-8 


UCL 0 0 2 3 5 6 7 10 11 2-12 


2 


LCL 0 0 1 1 2 2 2 3 4 1-4 


Mean 0 0 1 2 3 4 5 7 8 2-8 


Mean+UCL 0 0 1 2 3 5 5 7 8 2-9 


UCL 0 0 1 3 4 5 6 8 10 2-10 
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Table 1.132: Apportioned collision risk estimates for gannet when using the alternative analysis and confidence metrics associated with flight height data and the mean 
estimate density scenario 


Band 
model 
Option 


Nocturnal activity 
factor 


Flight 
height data 


Seasonal apportioning rate(s) (%) 


Total Post-
breeding 


Pre-
breeding 


Breeding 


4.8 6.2 10 20 30 40.4 46.5 63.3 72.8 


Option 1 


1 


Mean 
estimate 


0 0 1 2 3 4 5 6 7 
1-8 


UCL 1 1 3 6 9 0 14 19 22 4-24 


2 
Mean 0 0 1 2 4 5 6 7 9 2-9 


UCL 1 1 4 7 11 0 17 22 26 5-28 


Option 2 


1 


LCL 0 0 1 1 2 0 3 4 5 1-5 


Maximum 
likelihood 


0 0 2 4 7 9 10 14 16 
3-17 


UCL 1 1 5 10 15 0 23 31 36 7-38 


2 


LCL 0 0 1 2 2 0 4 5 6 1-6 


Maximum 
likelihood 


1 1 3 5 8 10 12 16 19 
4-20 


UCL 1 2 6 12 17 0 27 36 42 9-45 


Option 3 1 


LCL 0 0 0 0 1 2 1 1 2 0-2 


Maximum 
likelihood 


0 0 1 2 3 4 4 6 7 
1-7 
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Band 
model 
Option 


Nocturnal activity 
factor 


Flight 
height data 


Seasonal apportioning rate(s) (%) Total 


UCL 0 1 3 5 8 18 12 16 19 4-21 


2 


LCL 0 0 0 1 1 2 1 2 2 0-2 


Maximum 
likelihood 


0 0 1 2 3 4 5 7 8 
2-8 


UCL 1 1 3 6 9 21 14 19 22 4-23 
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Table 1.133: Apportioned collision risk estimates for gannet when using the alternative analysis and confidence metrics associated with flight height data and the mean 
estimate + UCL density scenario 


Band 
model 
Option 


Nocturnal activity 
factor 


Flight 
height data 


Seasonal apportioning rate(s) (%) 


Total Post-
breeding 


Pre-
breeding 


Breeding 


4.8 6.2 10 20 30 40.4 46.5 63.3 72.8 


Option 1 


1 


Mean 
estimate 


0 0 1 2 3 4 5 7 8 
2-8 


UCL 1 1 3 6 10 0 15 20 23 5-25 


2 
Mean 0 0 1 2 4 5 6 8 9 2-10 


UCL 1 1 4 7 11 0 17 24 27 6-29 


Option 2 


1 


LCL 0 0 1 1 2 0 3 5 5 1-6 


Maximum 
likelihood 


0 1 2 5 7 10 11 15 17 
3-18 


UCL 1 1 5 10 16 0 24 33 38 8-40 


2 


LCL 0 0 1 2 3 0 4 5 6 1-7 


Maximum 
likelihood 


1 1 3 5 8 11 13 17 20 
4-22 


UCL 1 2 6 12 18 0 28 38 44 10-48 


Option 3 1 


LCL 0 0 0 0 1 2 1 1 2 0-2 


Maximum 
likelihood 


0 0 1 2 3 4 5 6 7 
1-8 
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Band 
model 
Option 


Nocturnal activity 
factor 


Flight 
height data 


Seasonal apportioning rate(s) (%) Total 


UCL 0 1 3 5 8 19 12 17 20 4-21 


2 


LCL 0 0 0 1 1 2 1 2 2 0-2 


Maximum 
likelihood 


0 0 1 2 3 5 5 7 8 
2-9 


UCL 1 1 3 6 9 22 15 20 23 5-25 
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 Kittiwake 


Table 1.134: Apportioned collision risk estimates for kittiwake when using the alternative analysis and confidence metrics associated with density 


Band 
model 
Option 


(avoidance 
rate) 


Nocturnal 
activity factor 


Density 
scenario 


Seasonal apportioning rate(s) (%) 


Total Post-
breeding 


Pre-
breeding 


Breeding 


5.4 7.2 10 20 37.4 41.7 75.8 77.5 82.2 87.9 93.1 95.3 


Option 1 
(98.9%) 


2 


Application 1 1 - - - 10 - - - - - - 11 


LCL 1 0 2 4 8 9 17 17 18 19 21 21 3-22 


Mean 1 0 3 6 12 13 24 24 26 28 29 30 4-31 


Mean+UCL 1 0 4 7 13 15 27 27 29 31 33 34 5-35 


UCL 1 0 5 10 19 21 38 39 42 45 47 48 7-50 


3 


LCL 0 0 2 4 7 8 15 15 16 17 18 19 3-19 


Mean 1 0 4 7 13 15 27 28 29 31 33 34 5-35 


Mean+UCL 1 0 4 8 15 17 31 31 33 36 38 38 6-40 


UCL 1 0 4 9 17 19 34 35 37 39 41 42 6-44 


Option 1 
(99.2%) 


2 


Application 1 0 - - - 7 - - - - - - 8 


LCL 0 0 2 3 6 7 12 12 13 14 15 15 2-16 


Mean 1 0 2 5 9 10 17 18 19 20 21 22 3-22 


Mean+UCL 1 0 3 5 10 11 19 20 21 23 24 25 3-25 


UCL 1 0 4 7 14 15 28 29 30 32 34 35 5-36 
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Band 
model 
Option 


(avoidance 
rate) 


Nocturnal 
activity factor 


Density 
scenario 


Seasonal apportioning rate(s) (%) Total 


3 


LCL 0 0 1 3 5 6 11 11 12 13 13 14 2-14 


Mean 1 0 3 5 10 11 20 20 21 23 24 25 3-26 


Mean+UCL 1 0 3 6 11 12 22 23 24 26 27 28 4-29 


UCL 1 0 3 6 12 14 25 25 27 28 30 31 4-32 


Option 2 
(98.9%) 


2 


Application 4 3 - - - 51 - - - - - - 58 


LCL 3 1 12 23 44 49 88 90 96 102 108 111 15-115 


Mean 5 1 19 38 70 78 142 145 154 165 175 179 21-162 


Mean+UCL 6 2 21 42 79 89 161 165 175 187 198 202 25-184 


UCL 7 2 27 53 100 111 202 206 219 234 248 254 36-263 


3 


LCL 3 0 10 21 38 43 78 80 85 90 96 98 13-101 


Mean 4 1 17 33 62 69 125 128 136 145 154 158 25-185 


Mean+UCL 5 1 19 37 70 78 141 144 153 163 173 177 29-211 


UCL 6 1 23 47 88 98 177 181 192 206 218 223 30-230 


Option 2 
(99.2%) 


2 


Application 3 2 - - - 37 - - - - - - 42 


LCL 2 0 8 17 32 35 64 66 70 74 79 81 11-83 


Mean 3 1 12 24 45 50 91 93 99 106 112 115 16-118 


Mean+UCL 4 1 14 27 51 56 103 105 111 119 126 129 18-133 


UCL 5 1 19 39 72 81 147 150 159 170 180 185 26-191 


3 LCL 2 0 7 15 28 31 57 58 62 66 70 71 10-73 
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Band 
model 
Option 


(avoidance 
rate) 


Nocturnal 
activity factor 


Density 
scenario 


Seasonal apportioning rate(s) (%) Total 


Mean 4 1 14 27 51 57 103 106 112 120 127 130 18-134 


Mean+UCL 5 1 15 31 58 64 117 120 127 136 144 147 21-153 


UCL 4 1 17 34 64 71 129 132 140 150 159 162 22-167 


Option 3 
(98%) 


2 


Application 1 1 - - - 20 - - - - - - 20 


LCL 3 1 4 8 15 17 31 31 33 36 38 39 7-42 


Mean 1 0 6 12 22 24 44 45 47 51 54 55 7-57 


Mean+UCL 2 0 6 13 24 27 49 50 53 57 60 62 9-64 


UCL 3 1 9 19 35 39 70 72 76 81 86 88 12-91 


3 


LCL 1 0 4 7 13 15 27 28 29 31 33 34 5-35 


Mean 2 0 7 13 24 27 49 51 54 57 61 62 9-64 


Mean+UCL 2 1 7 15 28 31 56 57 61 65 69 70 10-73 


UCL 2 0 8 16 30 34 62 63 67 72 76 78 11-80 
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Table 1.135: Apportioned collision risk estimates for kittiwake when using the alternative analysis and confidence metrics associated with flight height data and the mean 
estimate density scenario 


Band 
model 
Option 


(avoidance 
rate) 


Nocturnal 
activity factor 


Flight 
height 
data 


Seasonal apportioning rate(s) (%) 


Total Post-
breeding 


Pre-
breeding 


Breeding 


5.4 7.2 10 20 37.4 41.7 75.8 77.5 82.2 87.9 93.1 95.3 


Option 1 
(98.9%) 


2 


Mean 
estimate 


1 0 3 6 12 13 24 24 26 28 29 30 
4-31 


UCL 2 0 7 14 26 30 54 55 58 62 66 67 9-70 


3 


Mean 
estimate 


1 0 4 7 13 15 27 28 29 31 33 34 
5-35 


UCL 2 0 8 16 30 33 61 62 66 71 75 76 11-79 


Option 1 
(99.2%) 


2 


Mean 
estimate 


1 0 2 5 9 10 17 18 19 20 21 22 
3-22 


UCL 1 0 5 10 19 21 39 40 42 45 48 49 7-51 


3 


Mean 
estimate 


1 0 3 5 10 11 20 20 21 23 24 25 
3-26 


UCL 2 0 6 12 22 24 44 45 48 51 54 56 8-58 


Option 2 
(98.9%) 


2 


LCL 
3 1 11 22 40 45 82 84 89 95 101 103 14-


106 


Maximum 
likelihood 


5 1 19 38 70 78 142 145 154 165 175 179 21-
162 
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Band 
model 
Option 


(avoidance 
rate) 


Nocturnal 
activity factor 


Flight 
height 
data 


Seasonal apportioning rate(s) (%) Total 


UCL 
5 1 22 43 81 90 164 168 178 190 201 206 28-


213 


3 


LCL 
3 1 12 25 46 51 93 95 101 108 114 117 16-


121 


Maximum 
likelihood 


4 1 17 33 62 69 125 128 136 145 154 158 25-
185 


UCL 
7 1 25 49 92 102 186 190 202 216 229 234 33-


242 


Option 2 
(99.2%) 


2 


LCL 2 0 8 16 29 33 60 61 65 69 73 75 10-77 


Maximum 
likelihood 


3 1 12 24 45 50 91 93 99 106 112 115 16-
118 


UCL 
4 1 16 31 59 66 119 122 129 138 147 150 20-


155 


3 


LCL 2 1 9 18 33 37 68 69 73 78 83 85 12-88 


Maximum 
likelihood 


4 1 14 27 51 57 103 106 112 120 127 130 18-
134 


UCL 
5 1 18 36 67 74 135 138 147 157 166 170 24-


176 


Option 3 
(98%) 


2 


LCL 1 0 3 7 13 14 26 26 28 30 31 32 4-33 


Maximum 
likelihood 


1 0 6 12 22 24 44 45 47 51 54 55 
7-57 


UCL 2 0 8 16 31 34 62 63 67 72 76 78 11-80 
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Band 
model 
Option 


(avoidance 
rate) 


Nocturnal 
activity factor 


Flight 
height 
data 


Seasonal apportioning rate(s) (%) Total 


3 


LCL 1 0 4 8 14 16 29 30 32 34 36 37 5-38 


Maximum 
likelihood 


2 0 7 13 24 27 49 51 54 57 61 62 
9-64 


UCL 3 1 9 19 35 39 70 72 76 81 86 88 12-91 
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Table 1.136: Apportioned collision risk estimates for kittiwake when using the alternative analysis and confidence metrics associated with flight height data and the mean 
estimate + UCL density scenario 


Band 


model 


Option 


(avoidance 


rate) 


Nocturnal 


activity factor 


Density 


scenario 


Seasonal apportioning rate(s) (%) 


Total 
Post-


breeding 


Pre-


breeding 
Breeding 


5.4 7.2 10 20 37.4 41.7 75.8 77.5 82.2 87.9 93.1 95.3 


Option 1 
(98.9%) 


2 


Mean 
estimate 


1 0 4 7 13 15 27 27 29 31 33 34 
5-35 


UCL 2 1 8 16 30 33 60 62 65 70 74 76 11-79 


3 


Mean 
estimate 


1 0 4 8 15 17 31 31 33 36 38 38 
6-40 


UCL 3 1 9 18 34 38 69 70 75 80 85 87 13-90 


Option 1 
(99.2%) 


2 


Mean 
estimate 


1 0 3 5 10 11 19 20 21 23 24 25 
3-25 


UCL 2 0 6 12 22 24 44 45 48 51 54 55 8-57 


3 


Mean 
estimate 


1 0 3 6 11 12 22 23 24 26 27 28 
4-29 


UCL 2 1 7 13 25 28 50 51 54 58 62 63 9-66 


Option 2 
(98.9%) 


2 


LCL 
3 1 12 24 46 51 92 94 100 107 113 116 16-


120 


Maximum 
likelihood 


6 2 21 42 79 89 161 165 175 187 198 202 25-
184 
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Band 


model 


Option 


(avoidance 


rate) 


Nocturnal 


activity factor 


Density 


scenario 


Seasonal apportioning rate(s) (%) Total 


UCL 
7 2 24 49 91 102 185 189 200 214 227 232 33-


240 


3 


LCL 
4 1 14 28 52 58 105 108 114 122 129 132 19-


138 


Maximum 
likelihood 


5 1 19 37 70 78 141 144 153 163 173 177 29-
211 


UCL 
8 2 28 56 104 116 211 215 229 244 259 265 39-


276 


Option 2 
(99.2%) 


2 


LCL 2 1 9 18 33 37 67 69 73 78 82 84 12-87 


Maximum 
likelihood 


4 1 14 27 51 56 103 105 111 119 126 129 18-
133 


UCL 
5 1 18 35 66 74 134 137 146 156 165 169 24-


175 


3 


LCL 
3 1 10 20 38 42 77 78 83 89 94 96 14-


100 


Maximum 
likelihood 


5 1 15 31 58 64 117 120 127 136 144 147 21-
153 


UCL 
6 2 20 40 76 84 153 157 166 178 188 193 28-


200 


Option 3 
(98%) 


2 


LCL 1 0 4 8 14 16 29 29 31 33 35 36 5-38 


Maximum 
likelihood 


2 0 6 13 24 27 49 50 53 57 60 62 
9-64 
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Band 


model 


Option 


(avoidance 


rate) 


Nocturnal 


activity factor 


Density 


scenario 


Seasonal apportioning rate(s) (%) Total 


UCL 2 1 9 18 34 38 70 71 75 81 85 87 12-91 


3 


LCL 1 0 4 9 16 18 33 34 36 38 40 41 6-43 


Maximum 
likelihood 


2 1 7 15 28 31 56 57 61 65 69 70 
10-73 


UCL 
3 1 10 21 39 44 79 81 86 92 98 100 15-


104 
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Introduction  


What the conservation advice package includes 


 
 


The most up-to-date conservation advice for this site can be downloaded from the 


conservation advice tab in the Site Information Centre (SIC) on JNCC’s website. 


 


The advice presented here describes the ecological characteristics or ‘attributes’ of the site’s 


qualifying features: Annex I Sandbanks slightly covered by seawater all the time and Annex I 


Reefs, specified in the site’s conservation objectives. These attributes include extent and 


distribution, structure and function and supporting processes. 


 


Figure 1 below illustrates the concept of how a feature’s attributes are interlinked, with 


impacts on one, potentially having knock-on effects on another e.g. the impairment of any of 


the supporting processes on which a feature relies can result in changes to its extent and 


distribution, and structure and function.  


 


Collectively, the attributes set out in Tables 1 and 2 below, along with the objectives set for 


each of them, describe the desired ecological condition (favourable) for the site’s features. 


The condition of each feature contributes to its favourable conservation status more widely, 


as well as the site’s integrity. All attributes listed in Tables 1 and 2 must be taken into 


consideration when assessing impacts from an activity. 


 


The information provided in this document sets out JNCC’s supplementary advice on the 


conservation objectives set for this site. This forms part of JNCC’s formal conservation 


advice package for the site and must be read in conjunction with all parts of the package as 


listed below:  


• Background document explaining where to find the advice package, JNCC’s role in 


the provision of conservation advice, how the advice has been prepared, when to 


refer to it and how to apply it; 


• Conservation Objectives setting out the broad ecological aims for the site; 


• Statements on: 


o the site’s qualifying features condition; 


o conservation benefits that the site can provide; and  


o conservation measures needed to support achievement of the conservation 


objectives set for the site.  


• Supplementary Advice on Conservation Objectives (SACO) providing more detailed 


and site-specific information on the conservation objectives (this document); 


• Advice on Operations providing information on those human activities that, if taking 


place within or near the site, can impact it and present a risk to the achievement of 


the conservation objectives. 



http://jncc.defra.gov.uk/page-6537

http://jncc.defra.gov.uk/pdf/NNSSR_Background_v1_0.pdf

http://jncc.defra.gov.uk/pdf/NNSSR_Conservation_Objectives_v1_0.pdf

http://jncc.defra.gov.uk/pdf/NNSSR_Statements_v1_0.pdf

http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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Figure 1. Conceptual diagram showing how feature attributes are interlinked, describe 


favourable condition and contribute to site integrity and wider favourable conservation status. 


 


In Tables 1 and 2 below, the attributes description for Annex I Sandbanks slightly covered by 


seawater all the time and Annex I Reefs are provided in the explanatory notes.  An objective 


of restore or maintain is set for each feature attribute. The objective reflects our current 


understanding of a feature’s condition e.g. where evidence indicates some of a feature’s 


extent is lost and needs to be restored or that extent is not lost and needs to be maintained 


in order to ensure the feature is in overall favourable condition. The rationale for setting an 


objective is also provided in the explanatory notes, along with reference to supporting 


evidence from the site. Note that where it is not practical through human intervention to 


restore a feature’s attribute, a maintain objective is set, accompanied by a statement to 


reflect the impracticality of restoration. 


 


Note also that when a maintain objective is set, this does not preclude the need for 


management, now or in the future. Please see the conservation measures for further detail 


regarding managing activities.
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Table 1. Supplementary advice on conservation objectives (SACO): Annex I Sandbanks slightly covered by seawater all 


the time. 


 


Attribute: Extent and distribution 


Objective: Restore  


JNCC understands that the site has been subjected to activities that have resulted in a change to the extent and distribution of the feature 


within the site. Installation and/or removal of infrastructure may have a continuing effect on extent and distribution. As such, JNCC advise a 


restore objective which is based on expert judgment; specifically, our understanding of the feature’s sensitivity to pressures which can be 


exerted by ongoing activities i.e. oil and gas sector activities and cabling. Our confidence in this objective would be improved with longer-


term monitoring and access to better information on the activities taking place within the site. Activities must look to minimise, as far as is 


practicable, changes in substratum and the biological assemblages within the site to minimise further impact on feature extent and 


distribution.  


 


Explanatory notes 


Extent refers to the total area in the site occupied by the qualifying feature and must include consideration of its distribution i.e. how it is 


spread out within the site. A reduction in extent has the potential to alter the biological and physical functioning of sedimentary habitat types 


(Elliott et al.,1998). The distribution of a habitat influences the component communities present, and can contribute to the health and 


resilience of the feature (JNCC, 2004a). The extent within the site must be conserved to the full known distribution. 


 


Annex I sandbanks are defined and delineated (Duncan, 2016) by: 


• large-scale topography which is elevated, elongated, rounded or irregular, permanently submerged and predominantly surrounded 


by deeper water (EC, 2013); 


• sediment composition that is mainly sandy sediments (sand is defined as sediment particles between 2 and 0.0625 mm in diameter 


and sandy sediment must be composed of less than 30 % gravel and have more sand than mud). Other sediment types including 


boulders, cobbles or mud may also be present on a sandbank; and  


• biological assemblages. See JNCC’s Marine Habitat Correlation Table for more detail about the range of biological communities 


(biotopes) that occur on Annex 1 sandbanks.  


 



http://ec.europa.eu/environment/nature/legislation/habitatsdirective/docs/Int_Manual_EU28.pdf

http://jncc.defra.gov.uk/page-3058

http://jncc.defra.gov.uk/page-5931
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Loss of large scale topography would constitute loss of the sandbank feature extent. Loss of characterising sandbank biological 


assemblages or sandbank sediments from an area of the feature would constitute loss of sandbank habitat and a reduction in overall feature 


extent. 


 


In the UK offshore area, there are two different types of sandbank: 


1. Sandy mound sandbanks: created by glacial processes which have long since stopped acting on the feature. While surface sediments 


may be mobilised, the extent and distribution of the sandbanks as a whole remain broadly unaffected by ongoing hydrodynamic 


processes. It is important to note that we would not expect large scale topography or the underlying immobile substrates to recover, 


should they be physically impacted. The sandbank communities, however, are capable of recovering from impacts but this will be 


dependent on prevailing environmental conditions, the influence of human activities i.e. the scale of any current impacts, species life 


history traits, environmental connectivity between populations and habitat suitability (Mazik et al., 2015);  


2. Open shelf ridge sandbanks: can be relatively mobile with their extent and distribution being actively influenced by ongoing 


hydrodynamic processes and subsequently changing naturally over time. Recovery from physical impacts for these types of sandbanks 


is possible but again dependent on the range of factors mentioned in 1 above.  


                                         ----------------------------------------------------------------------------------------------------------- 


Extent and distribution within the site 


The site map in Annex A shows the extent and distribution of the sandbank feature within North Norfolk Sandbanks and Saturn Reef SAC. 


The site is a representative example of the Annex I feature Sandbanks which are slightly covered by sea water all the time, and is considered 


to represent the most extensive system of open shelf ridge sandbanks in the UK (Graham et al., 2001). JNCC consider the entire site to 


represent an integrated sandbank system, with feature extent occupying the entirety of the site. The physical delineation of the sandbank 


contained within this site is supported by the original Site Assessment Document (JNCC, 2010) and has been further validated by recent 


biological community analysis (Parry et al., 2015). The total sandbank area is 3,603 km2. 


 


The innermost sandbanks in the site, known collectively as ‘the inner banks’, are examples of sandbanks developed in stronger tidal 


currents. The outer banks, further offshore, are known as the ‘Indefatigables’ and are the best example of open sea, tidal sandbanks in a 


moderate current strength in UK waters. The sandbanks have a north-west to south-east orientation and are thought to be progressively, 


though very slowly, elongating in a north-easterly direction (JNCC, 2010).  


 



http://jncc.defra.gov.uk/PDF/NNSandbanksAndSaturnReef_SACSAD_5.0.pdf
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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.  


A considerable number of predominantly gas extraction activities take place within the site, much of this now involved in decommissioning of 


the associated infrastructure. Of particular note are activities associated with the deposition of material (rock dump) or other alteration of 


surface sediment (e.g. drill cuttings and cabling operations) that may lead to a persistent change in substrate which is not suitable habitat for 


characterising sandbank communities. Aggregates dredging is occurring within the site but JNCC understand that this activity operates in 


such a way as to ensure that the distribution of surface sediments is not changed and so the feature’s extent would remain unimpacted.  


  


A restore objective is advised for extent and distribution of the sandbank feature. This objective is based on expert judgment; specifically, 


our understanding of the feature’s sensitivity to pressures which can be exerted by ongoing activities i.e. those associated with the oil and 


gas industry and cabling. Our confidence in this objective would be improved with longer-term monitoring and access to better information on 


the activities taking place within the site. Activities must look to minimise, as far as is practicable, changes in substratum and the biological 


assemblages within the site to minimise further impact on feature extent and distribution. Further information on the impacts associated with 


human activities on Annex I Sandbanks slightly covered by seawater all the time can be found in the Advice on Operations workbook for the 


site. 


 


Attribute: Structure and function 


Objective: Restore  


JNCC understands that the site has been subjected to activities that have resulted in a change to the structure and function of the feature 


within the site. Installation and/or removal of infrastructure may have a continuing effect on structure and function, specifically the finer scale 


topography, sediment composition and distribution of characteristic communities. As such, JNCC advise a restore objective which is based 


on expert judgment; specifically, our understanding of the feature’s sensitivity to pressures which can be exerted by ongoing activities i.e. 


demersal fishing, oil and gas sector activities and cabling. Our confidence in this objective would be improved with longer-term monitoring, 


access to better information on the activities taking place within the site and a better understanding of the species which can play key and 


influential roles in determining the feature’s function and health. Activities must look to minimise, as far as is practicable, disturbance and 


changes to the sediment composition, finer scale topography and biological communities within the site. 


 


 


 



http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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Explanatory notes 


Structure 


Structure encompasses both the physical structure of a habitat type together with the biological structure. Physical structure refers to finer 


scale topography and sediment composition and distribution Physical structure can have a strong influence on the hydrodynamic 


regime at varying spatial scales in the marine environment, as well as the presence and distribution of biological communities (Elliot et al., 


1998). This is particularly true of features like sandbanks which are large-scale topographic features. The biological structure refers to the 


key and influential species and characteristic communities present. Biological communities are important in not only characterising the 


sandbank feature but supporting the health of the feature i.e. its conservation status and the provision of ecosystem services by performing 


functional roles.  


 


Physical structure: finer scale topography  


Sandbank topography can be characterised by finer scale bedforms such as sand waves, mega-ripples and mounds which are driven by 


hydrodynamic processes. These bedforms can support different sediment types and associated communities (Elliott et al., 1998; Barros et 


al., 2004; Limpenny et al., 2011). Where finer bedforms are known to be naturally present on a sandbank feature they should be conserved. 


 


                                         ----------------------------------------------------------------------------------------------------------- 


 


Physical structure: finer scale topography of the feature within the site 


The sandbanks in this site are subject to a wide range of water current strengths which influences their fine-scale topography. Within the site, 


currents are strongest on the banks closest to shore and reduce gradually in strength with increasing distance offshore (Collins et al., 1995). 


The inner banks appear to be more pronounced, exhibiting taller crests and deeper troughs, than the outer banks. Sandbanks within the site 


are asymmetric in profile with their steeper slope (up to 7°) facing away from the coast and towards the northeast.  


 


Sandwaves are present, being best developed on the inner banks indicating the sediment surface is regularly mobilised by tidal currents, 


while the outer banks have small or no sandwaves associated with them (Collins et al.,1995). Mega-ripples have been recorded in the site 


with height and wavelength scales of the order of 1 metre (Sanay et al., 2007) but can reach up to 40 m in some places (Fugro, 2013a). 


Other surveyed areas show megaripples with average amplitudes of 0.3 m and an average wavelength of 13 m (Fugro, 2013b; 2013c).  


Historical differences in bank elevation have been observed within the inner banks, with reduced elevation at the southern edges and 


deposition at the northerly edges, which suggests these banks are moving in a north easterly direction (Cooper et al., 2008; Jenkins et al., 
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2015). Furthermore, there are indications of sand transportation in an offshore direction between the banks, which is thought to be the 


process by which the sandbank structures (crests, flanks and troughs) are maintained.  


 


There are activities occurring within the site which are capable of impacting the feature’s finer scale topography. Evidence indicates that 


given the prevailing higher energy hydrodynamic regime within the site, the presence of widespread infrastructure and the introduction of 


material over the feature can result in scour pits affecting finer scale topography for quite some distance from source. These scour pits may 


persist or become periodically covered as the sandbanks system naturally progresses. Demersal fishing and aggregate dredging may also 


impact finer scale topography although the impacts are anticipated to be relatively short-lived and are therefore not considered further under 


this attribute  


 


Overall, JNCC consider finer-scale topography of the feature may be impacted by the activities occurring within the site and therefore need 


to be restored. This objective is based on expert judgment; specifically, our understanding of the feature’s sensitivity to pressures which can 


be exerted by ongoing activities i.e. cabling and oil and gas industry. Our confidence in this objective would be improved with longer-term 


monitoring, access to better information on the activities taking place within the site and a better understanding of the significance of the key 


and influential roles which species can play in supporting the feature’s function and health. Activities must look to minimise, as far as is 


practicable, disturbance and changes to the sediment composition, finer scale topography and biological communities within the site. Further 


information on the impacts associated with human activities on Annex I Sandbanks slightly covered by seawater all the time can be found in 


the Advice on Operations workbook for the site. 


 


                                  ----------------------------------------------------------------------------------------------------------- 


 


Physical structure: sediment composition and distribution  


Sediment composition of sandbanks is highly dependent on the level of energy experienced by the environment. It can be varied but in the 


offshore tends to be limited to primarily circalittoral sand but also circalittoral coarse sediments and to a lesser extent, circalittoral mixed 


sediments where finer sediment fractions (mud, silt/clay) are present. Coarser sediments tend to be located in higher energy environments 


that are subject to strong prevailing currents. Conversely, finer sediment types are typically associated with lower energy environments. 


Storm conditions however can mobilise all sediment types including coarser fractions. Furthermore, it is important to note that the 


composition and spatial distribution of sediments can change naturally over time.  


 



http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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Many functional ecological groups have specific niche sedimentary requirements; some species occur on all types of sediment, but most are 


restricted to a type and therefore limited in their distribution. Particle composition (including grain size and type) is a key driver influencing 


biological community composition (Cooper et al., 2011; Coates et al., 2015; 2016; Coblentz et al., 2015) and the distribution and extent of 


these communities (JNCC, 2004a). The natural range of sedimentary habitats known to be present within a sandbank along with their 


composition and distribution, should be conserved. 


 


                                         ----------------------------------------------------------------------------------------------------------- 


 


Physical structure: sediment composition and distribution of the feature within the site 


Recent evidence from survey confirms that the feature is comprised predominantly of circalittoral sand with areas of circalittoral mixed 


sediments and coarse sediments. Circalittoral mixed sediments and coarse sediments are found mainly in flanks and troughs and in places 


coincident with records of Sabellaria spinulosa reef (Parry et al., 2015). For further details on S. spinulosa reef please see Table 2.  


 


Differences were observed between the sediment composition on the crests in comparison with the troughs during survey work. The sand 


fraction dominates the particle size composition of samples located on ‘crests’ consistently comprising >80% sand, whilst stations in the 


troughs were more heterogeneous showing a slightly wider range of sediment grades, but still typically contained 70-80% sand (Parry et al., 


2015). Particle size distributions, grouped according to position on bank (i.e. crest, flank and trough), showed greatest variability within the 


troughs of the sandbanks in comparison with crests and flanks (Jenkins et al., 2015).  The differences between particle size distribution found 


on the inner and outer banks were significant from a statistical point of view, but the differences found were relatively small. Sand grain sizes 


reported for the inner banks within the site ranged from 280mm (crests) to 429mm (troughs), and 275mm (crests) to 477mm (troughs) for the 


outer banks (Jenkins et al., 2015).   


 


Some of the activities occurring at the site such as aggregate extraction, cabling and activities associated with the oil and gas industry e.g. 


decommissioning, are capable of changing the substratum in the site. Of particular note are activities associated with the deposition of 


material e.g. rock dump. As previously mentioned, aggregates dredging is occurring within the site but we understand that this activity 


operates in such a way as to ensure that the distribution of surface sediments is not changed and so the feature’s sediment composition and 


distribution would remain unimpacted.  


 


A restore objective is advised for the sediment composition and distribution within the site based on expert judgment; specifically, our 


understanding of the feature’s sensitivity to pressures which can be exerted by ongoing activities, i.e. cabling and oil and gas sector activity. 
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Our confidence in this objective would be improved with longer-term monitoring and access to better information on the activities taking place 


within the site. Further information on the impacts associated with human activities on the sandbank feature can be found in the Advice on 


Operations workbook for the site.        


                                         ----------------------------------------------------------------------------------------------------------- 


 


Biological structure: key and influential species  


Key species form a part of the habitat structure or help to define a biotope. Influential species are those that have a core role in the structure 


and function of the habitat. For example, species that are bioturbators which are benthic organisms that forage and burrow bottom tunnels, 


holes and pits in the seabed, help to cycle nutrients and oxygen between seawater and the seabed supporting organisms that live within and 


above the sediment. Grazers, surface borers, predators or other species with a significant functional role linked to the habitat can also be 


influential species. Changes to the spatial distribution of communities across the feature could indicate changes to the overall feature (JNCC, 


2004a).  It is therefore important to conserve the key natural structural and influential species of the sandbank within the site to avoid 


diminishing biodiversity and ecosystem functioning within the habitat and to support its health (Hughes et al., 2005).  


 


                                         ---------------------------------------------------------------------------------------------------------- 


 


Biological structure: key and influential species of the feature within the site 


S. spinulosa is a key and influential species in this site due to its ability to create biogenic reefs and in doing so, influence the finer scale 


topography and increase the species diversity associated with the wider sandbank feature in the site. S. spinulosa biogenic reef is another 


qualifying feature of this site. Further information is available in Table 2.  


 


Burrowing species such the bivalves Artica islandica, Abra alba, Fabulina fabula, Tellina fabula, echinoderms such as Echinocardium 


cordatum, and polychaetes such as Ophelia borealis, Spiophanes bombyx, Scoloplos armiger) are present within the site. Predatory species 


such as Nephtys cirrosa, Sthenelais limicola, Nephtys hombergii, Aglaophamus rubella, Glycera fallax, Anaitides spp. and Sigalion mathildae 


and Pennant’s swimming crab (Portumnus latipes) and the common necklace shell Euspira nitida, are also all present in the site (Ellis et al., 


2010; Jenkins et al., 2015). Higher numbers of predatory species have been observed in the troughs of sandbanks compared to the crests 


and flanks (Ellis et al., 2010). 


 



http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx

http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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As mentioned, the bivalve ocean quahog (Arctica islandica), a notable species and listed OSPAR threatened or declining species, is present 


in the site (UKOOA, 2001). Records of the species are mostly from the troughs, however very little is currently known about the wider 


abundance, population structure and distribution of the species within the site.  


 


There is insufficient information available to support an understanding of the significance of the role which these species play in maintaining 


the structure and function of the sandbanks within the site. Therefore, it is not possible to set an objective for this sub-attribute and it is not 


considered further in our advice. 


 


                                                ---------------------------------------------------------------------------------------------------------- 


 


Biological structure: characteristic communities  


The variety of communities present make up the habitat and reflect the habitat’s overall character and conservation interest. Characteristic 


communities include, but are not limited to, representative communities, for example, those covering large areas, and notable communities, 


for example, those that are nationally or locally rare or scarce such as those listed as OSPAR threatened or declining, or known to be 


particularly sensitive.  


 


The biological communities typical of sandbanks will vary greatly depending on location, sediment type and depth, as well as fine-scale 


physical, chemical and biological processes.  Communities found on sandbank crests are predominantly those typical of mobile sediment 


environments and tend to have relatively low diversity. Fauna such as polychaetes (worms) and amphipods (shrimp-like crustaceans) thrive 


in this environment as they are able to rapidly bury themselves. Animals like hermit crabs, flatfish and starfish also live on the surface of the 


sandbanks. Deeper areas more sheltered from prevailing currents or wave action can have reduced sediment movement. Such areas tend to 


have a higher diversity of burrowing species and often can support an abundance of attached bryozoans, hydroids and sea anemones, 


particularly on stones and dead shells.   


 


Changes to the spatial distribution of communities across the feature could indicate changes to the overall feature (JNCC, 2004a).  It is 


therefore important to conserve the natural spatial distribution, composition, diversity and abundance of the main characterising biological 


communities of the sandbank within the site to avoid diminishing biodiversity and ecosystem functioning within the habitat and to support its 


health (Hughes et al., 2005).  


 


                                      ---------------------------------------------------------------------------------------------------------- 
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Biological structure: characteristic communities of the feature within the site 


There is considerable overlap in species composition of the biological communities present on sandbank crests, flanks and troughs in the 


site, with sediment type found to have the greatest influence on the composition of biological communities present rather than topography i.e. 


flank, crest and trough (Parry et al., 2015).  


 


Benthic communities within the site are characterised by the presence of polychaetes of the genus Ophelia borealis and ribbon worms. The 


dominant sandy biotope, A5.233 - Nephtys cirrosa and Bathyporeia spp. in infralittoral sand, tends to occur in shallower water areas but 


found consistently on crests, flanks and troughs within the site. The coarse and mixed sediment biotopes tend to occur in troughs, but also 


sometimes on sandbank flanks. Coarse and mixed sediment biotopes in the troughs have many of the same species as the sand sediment 


habitat, however in higher abundances. Coarse sediment areas have some of the same characterising species as mixed sediment e.g., 


polychaetes such as the bristleworm Mediomastus fragilis, the ross worm S. spinulosa, the T headed worm Scalibregma inflatum and other 


polychaetes of the species Notomastus sp., but in lower abundances. Mixed sediment within the site hosts some different characterising 


polychaete species e.g. Anobothrus gracilis and Ampharete lindstroemi, and a much higher average abundance of more diverse taxa than 


other substrate types (Parry et al., 2015). 


 


Epifauna occur on areas of sand where a small number of pebbles and cobbles are present, as well as on coarser sediment and areas 


where S. spinulosa reef are present. See Table 2 for more detail on epifauna specifically associated with S. spinulosa reef. Species such as 


the soft coral Alcyonium digitatum, bryozoans including Alcyonidium diaphanum and Flustra foliacea, the hydroid Nemertesia antennina, the 


anemone Urticina felina and the seastar Asterias rubens were found throughout the site associated with mixed and coarser sediments.  


Sandeels (Ammodytes sp.) are known to spawn in this region of the southern North Sea between November and February (Coull et al., 


1998) and some individuals were recorded at a number of locations within the site during the 2013 survey (Jenkins et al., 2015).   


 


Evidence shows that numbers of taxa, abundance and species diversity generally increases with increasing depth in both nearshore and 


offshore banks (Jenkins et al., 2015).  Samples taken from the inner bank crests contained fewer taxa, but similar abundances compared to 


the outer banks. Samples representing the troughs of the inner banks showed greatest variability in the number of taxa, abundance and 


diversity. 
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Demersal fishing and to a much lesser extent aggregate extraction occurring within the site can impact characteristic communities of the 


feature through pressures such as abrasion and the removal of non-target species. In addition, the activities which are considered to be 


impacting sandbank sediment composition i.e. cabling and oil and gas activities can also impact the characteristic communities.  


 


A restore objective is advised for characteristic communities of the feature within the site based on expert judgment; specifically, our 


understanding of the feature’s sensitivity to pressures which can be exerted by ongoing activities, i.e. demersal fishing, cabling and oil and 


gas sector activities. Our confidence in this objective would be improved with longer-term monitoring and access to better information on the 


activities taking place within the site. Further information on the impacts associated with human activities on Annex I Sandbanks slightly 


covered by seawater all the time can be found in the Advice on Operations workbook for the site. 


 


                                    ----------------------------------------------------------------------------------------------------------- 


 


Function 


Functions are ecological processes that include sediment processing, secondary production, habitat modification, supply of recruits, 


bioengineering and biodeposition. These functions rely on the supporting natural processes and the growth and reproduction of those 


biological communities which characterise the habitat and provide a variety of functional roles within it (Norling et al., 2007) i.e. key and 


influential species and characteristic communities  


 


These functions can occur at a number of temporal and spatial scales and help to maintain the provision of ecosystem services locally and to 


the wider marine environment (ETC, 2011). Ecosystem services typically provided by Annex 1 sandbanks include:  


 


• Nutrition: due to the level of primary and secondary productivity on or around sandbanks, a range of fish species use these areas as 


feeding and nursery grounds. Some will migrate to certain parts of the habitat for feeding and breeding e.g. cod, plaice, dab, sole 


(Ellis et al., 2012), whilst others are more resident e.g. sandeels (Frederiksen et al., 2005; SNH and JNCC, 2012) making the 


conservation of sandbanks important to the fishing industry; 


• Bird and whale watching: foraging seals, cetaceans and seabirds may also be found in greater numbers in the vicinity of sandbanks 


due to their shallower nature that enhances the availability of their typical prey items (e.g. Daunt et al., 2008; Scott et al, 2010; 


Camphuysen et al., 2011; McConnell et al., 1999, Jones et al., 2013);   


• Climate regulation: by providing a long-term sink for carbon within sedimentary habitats.  


 



http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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The prevailing hydrodynamic regime and sedimentary composition have a strong influencing effect on the recovery potential of the functional 


components of subtidal sedimentary habitats – with higher-energy, coarser sedimentary habitats showing greater recovery potential following 


impact than lower-energy, finer sedimentary habitats (Dernie et al., 2003). Recovery of populations of individual species or communities also 


depends on life history traits of species (e.g. their growth rate, longevity), and interactions with other species including predators.  


Furthermore, the environmental connectivity between populations or species patches, the suitability of the habitat (e.g. substrate type), 


depth, water and sediment quality (Mazik et al., 2015) will also influence the recovery potential of features.  


 


The natural range of sandbank communities within the site should be conserved to ensure the functions they provide support the health of 


the feature and the provision of ecosystem services to the wider marine environment. 


 


                                         ----------------------------------------------------------------------------------------------------------- 


 


Function of the feature within the site 


The ecosystem services that may be provided by sandbanks within the site include: 


 


• Nutrition - by providing a feeding area where prey is more biologically available for a variety of species of commercial importance, 


spawning areas for plaice (Pleuronectes platessa) and spawning and nursery grounds for young commercial fish species, such as 


sandeels (Ammodytes spp.) the common dab (Limanda limanda), sole (Solea solea), lemon sole (Microstomus kitt) and sprat 


(Sprattus sprattus) (JNCC, 2010; MALSF, 2009; Coull et al.,1998; Ellis et al., 2010); 


 


• Bird and whale watching - by providing feeding grounds for marine birds and marine mammals. Evidence shows that during the 


breeding season black-legged kittiwakes (Rissa tridactyla) have a high usage within the site (Wakefield et al., 2017). Other marine 


bird species have maximum foraging ranges which overlap the site limits, and therefore might use the site as well (Thaxter et al., 


2012). The site falls within the Southern North Sea candidate Special Area of Conservation, which suggests that this site may 


contribute to wider support for the southern North Sea population of harbour porpoise (Phocoena phocoena) (JNCC, 2017). Marine 


mammals such as harbour seals have been recorded travelling out to the site from haul out sites on the east coast of England (Jones 


et al., 2013); and 


 







16 
 


• Climate regulation – the range of sedimentary habitats and associated communities in the site perform known ecological processes 


common to sandbanks such as deposition and burial of carbon in seabed sediments through bioturbation, living biomass and 


calcification of benthic organisms sinks (Hattam et al., 2015). 


 


Given that a recover objective is advised for characteristic communities on which these functions rely, JNCC also advise a recover objective 


for this sub-attribute. Our confidence in this objective would be improved by long-term monitoring and a better understanding of the role 


which biological communities play in the function and health of the feature. Further information on the impacts associated with human 


activities on Annex I Sandbanks slightly covered by seawater all the time can be found in the Advice on Operations workbook for the site. 


 


Attribute: Supporting processes 


Objective: Maintain   


A maintain objective is advised for supporting processes based on expert judgment; specifically, our understanding of the feature’s sensitivity 


to pressures which can be exerted by ongoing activities. Our confidence in this objective would be improved with long-term monitoring, 


specifically of contaminant levels within the site and a better understanding of the hydrodynamic regime within the site.  Activities must look 


to avoid, as far as is practicable, impairing the hydrodynamic regime within the site and exceeding Environmental Quality Standards set out 


in the relevant section below. 


 


Explanatory notes 


The sandbank feature relies on a range of supporting natural processes to support the functions (ecological processes) and help any 
recovery from adverse impacts. For the site to fully deliver the conservation benefits set out in the statement on conservation benefits, the 
following natural supporting processes must remain largely unimpeded:  
 
Hydrodynamic regime 
and  
Water and sediment quality 


 


Hydrodynamic regime 


Hydrodynamic regime refers to the speed and direction of currents, seabed shear stress and wave exposure. These mechanisms circulate 


food resource and propagules, influence water properties by distributing dissolved oxygen, and facilitating gas exchange from the surface to 


the seabed (Chamberlain et al., 2001; Biles et al., 2003; Hiscock et al., 2004; Dutertre et al., 2012). Hydrodynamic regime also effects the 


movement, size structure and sorting of sediment particles. Shape and surface complexity within sandbank features can be influenced by 



http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx

http://jncc.defra.gov.uk/pdf/NNSSR_Statements_v1_0.pdf
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coarse as well as finer-scale oceanographic processes, supporting the formation of topographic bedforms. The hydrodynamic regime plays a 


critical role in the natural formation and movement of mobile sandbanks. 


                                         ----------------------------------------------------------------------------------------------------------- 


 


Hydrodynamic regime within the site 


The water within the site is a mixture of both northern Fair Isle and southern English Channel waters. The site presents a complex pattern of 


currents, that are at present not well understood.  Water movement is influenced by the local topography, with strongest currents measured 


on the near-shore sandbanks and decreasing with distance offshore (Jenkins et al., 2015). For example, on one of the banks, near-bed 


residual tidal currents have been observed to be strongest towards the crestline and in opposing directions on either side of the bank (Caston 


and Stride 1970; Caston, 1972).  


 


Tides over the area are controlled by a progressive tidal wave, moving down the coastline of England. Episodic currents over the wider area 


of Norfolk Banks induced by storm surges cause sand to be transported in directions other than those caused by the tidal currents alone 


(Flather, 1987). The former, combined with observed tidal flows (Venn and D’Olier, 1983), is expected to transport sand oblique to the tidal 


currents and towards the northeast up to about 100 km to seaward, contributing to the sandbank feature’s natural progression in this 


direction (Stride, 1988). 


 


A hydrodynamic model developed by CEFAS, currently unpublished, indicates that ocean current flow is predominantly in a south-eastly 


direction with predicted velocities at seabed reaching a maximum of 2.7m/s. The wave regime in the site has a marked seasonality. Wave 


height ranges from 0.5 m to greater than 4 m, with the largest waves being seen in the winter months when waves of over 3 m height are 


regularly recorded (Draper, 1968; Marshall, 1997). 


 


While there is evidence to suggest hydrodynamic regime is impacted locally by human activities within the site i.e. aggregate extraction, 


cabling and oil and gas sector activities, it is unclear whether this is occurring on such as scale as to impact the natural formation and 


movement of the sandbank feature within the site.  


 


A maintain objective is advised for the hydrodynamic regime based on expert judgment; specifically, our understanding of the feature’s 


sensitivity to pressures which can be exerted by ongoing activities. Our confidence in this objective would be improved with long-term 


monitoring and specifically a better understanding of the effects which human activities have on the hydrodynamic regime within the site and 
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its influence on the formation and movement of the feature. Further information on the impacts associated with human activities on Annex I 


Sandbanks slightly covered by seawater all the time can be found in the Advice on Operations workbook for the site.        


                                         ----------------------------------------------------------------------------------------------------------- 


Water and sediment quality  


Contaminants may also impact the ecology of a sandbank feature through a range of effects on different species within the habitat, 
depending on the nature of the contaminant (JNCC, 2004a; UKTAG, 2008; EA, 2014). It is important therefore to avoid changing the natural: 
 
Water quality  
and  
Sediment quality 
 


Environmental Quality Standards (EQS) 


The targets listed below for water and sediment contaminants in the marine environment are based on existing targets within OSPAR or the 


Water Framework Directive (WFD) and require concentrations and effects to be kept within levels agreed in the existing legislation and 


international commitments. These targets are set out in The UK Marine Strategy Part 1: The UK Initial Assessment, 2012.  


 


Aqueous contaminants must comply with water column annual average (AA) Environmental Quality Standards (EQSs) according to the 


amended Environmental Quality Standards Directive (EQSD) (2013/39/EU), or levels equating to (High/Good) Status (according to Annex V 


of the Water Framework Directive (WFD) (2000/60/EC), avoiding deterioration from existing levels. 


 


Surface sediment contaminants (<1cm from the surface) must fall below the OSPAR Environment Assessment Criteria (EAC) or Effects 


Range Low (ERL) threshold. For example, mean cadmium levels must be maintained below the ERL of 1.2 mg per kg. For further 


information, see Chapter 5 of the OSPAR Quality Status Report (OSPAR 2010) and associated QSR Assessments. 


The following sources provide information regarding historic or existing contaminant levels in the marine environment: 


• Marine Environmental and Assessment National Database (MERMAN); 


• The UK Benthos database available to download from the Oil and Gas UK website; 


• Cefas Green Book; 


• Strategic Environmental Assessment Contaminant Technical reports available to download from the British Geological Survey 


website; 


• Charting Progress 1: The State of the UK Seas (2005) and Charting Progress 2: The State of the UK Seas (2014).  



http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/69632/pb13860-marine-strategy-part1-20121220.pdf

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2013:226:0001:0017:EN:PDF

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02000L0060-20141120

http://qsr2010.ospar.org/en/index.html

http://qsr2010.ospar.org/media/assessments/p00390_2009_CEMP_assessment_report.pdf

http://www.bodc.ac.uk/projects/uk/merman/project_overview/

http://oilandgasuk.co.uk/environment-resources.cfm

https://www.cefas.co.uk/cefas-data-hub/publication-abstract/?id=7864

http://www.bgs.ac.uk/data/sea/

http://www.bgs.ac.uk/data/sea/

http://webarchive.nationalarchives.gov.uk/20141203174606/http:/chartingprogress.defra.gov.uk/charting-progress2005

http://webarchive.nationalarchives.gov.uk/20141203170558/http:/chartingprogress.defra.gov.uk/
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Water quality 


The water quality properties that influence habitats include salinity, pH, temperature, suspended particulate concentration, nutrient 


concentrations and dissolved oxygen. They can act alone or in combination to affect habitats and their communities in different ways, 


depending on species-specific tolerances. In fully offshore habitats these parameters tend to be relatively more stable, particularly so for 


deeper waters, although there may be some natural seasonal variation. Water quality properties can influence the abundance, distribution 


and composition of communities at relatively local scales. Changes in any of the water quality properties can impact habitats and the 


communities they support (Elliott et al.,1998; Little, 2000; Gray and Elliott, 2009). Changes in suspended sediment in the water column may 


have a range of biological effects on different species within the habitat; affecting the ability to feed or breathe. A prolonged increase in 


suspended particulates for instance can have a number of implications, such as affecting fish health, clogging filtering organs of suspension 


feeding animals and affecting seabed sedimentation rates (Elliott et al.,1998). Low dissolved oxygen can have sub-lethal and lethal impacts 


on fish and infaunal and epifaunal communities (Best et al., 2007). Concentrations of contaminants in the water column must not exceed the 


EQS listed above. 


                                         ----------------------------------------------------------------------------------------------------------- 


 


Water quality within the site 


There is not much known about the quality of the water within the site. Most of the information which is available is on the wider southern 


North Sea area. The planktonic assemblage in the southern North Sea area is largely influenced by inflows of northeast Atlantic water which 


is gradually mixed with North Sea water (HR Wallingford, 2002). Rates of primary production increase significantly in the spring months 


followed by a smaller peak in abundance in the autumn, influenced to some extent by vertical mixing, stratification of the water column and 


light availability (Johns and Reid, 2001).   


 


Surface temperatures in the region can be highly variable, with temperatures ranging from 8 to 14.6°C during May alone (MALSF, 2009). 


Salinity for the site falls under typical values for the North Sea with no significant seasonal variation and little variation in depth, with values at 


approximately 34.8 parts per thousand at the surface and 34.6 parts per thousand at the seabed in both summer and winter (BODC, 1998). 


Available evidence indicates that sediment suspension varies widely between summer (0 to 5 mg/l) and winter months (around 5 mg/l) 


(Dolphin et al., 2011).  


 


A considerable number of predominantly gas exploration developments have taken place within the site.  The main contaminants associated 


with this activity come from produced water and drill cuttings. Higher quantities of corrosion inhibitors, gas treatment products and scale 



https://www.bodc.ac.uk/resources/products/data/bodc_products/ukdmap/
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inhibitors are discharged into the North Sea than chemicals of any other functional group. While possible sources of contamination are 


present on site, there is no information available to indicate whether water quality within the site is falling or above below Environmental 


Quality Standards (EQSs). However, Charting Progress 2 reports that the open seas are little affected by pollution and levels of monitored 


contaminants continue to fall, albeit slowly in many cases. JNCC therefore advise that aqueous contaminants must be maintained below the 


annual average (AA_EQS) according to the amended Environmental Quality Standards Directive (EQSD) (2013/39/EU) or levels equating to 


(High / Good) Status (according to Annex V of the Water Framework Directive (WFD) (2000/60/EC).  


 


A maintain objective is advised for water quality based on expert judgment; specifically, our understanding of the feature’s sensitivity to 


pressures which can be exerted by ongoing activities. Our confidence in this objective would be improved with longer-term monitoring, 


specifically of contaminants within the site.  Further information on the impacts associated with human activities on Annex I Sandbanks 


slightly covered by seawater all the time can be found in the Advice on Operations workbook for the site.        


 


                                         ----------------------------------------------------------------------------------------------------------- 


 


Sediment quality 


Various contaminants are known to affect the species that live in or on the surface of sediments. These include heavy metals like Mercury, 


Arsenic, Zinc, Nickel, Chrome and Cadmium, polyaromatic hydrocarbons (PAHs), poly-chlorinated biphenyls (PCBs), organotins (TBT) and 


pesticides such as hexachlorobenzene. These metals and compounds can impact species sensitive to particular contaminants (e.g. heavy 


metals) and bioaccumulate within organisms thus entering the marine food chain (e.g. PCBs) (OSPAR 2009; 2010; 2012). This 


contamination can alter the structure of communities within a site e.g. lowering species diversity or abundance. It is important therefore to 


avoid changing the natural sediment quality of a site and as a minimum ensure compliance with existing EQS as set out above. Sediment 


contaminants must not exceed the EQS listed above. 


 


                                         ----------------------------------------------------------------------------------------------------------- 


 


Sediment quality within the site 


Trends in the concentration and distribution of contaminants in sediments in the wider southern North Sea, including hydrocarbons (HCs), 


are similar as those described for surface water contamination i.e. higher concentrations in the immediate vicinity of installations with 


concentrations generally falling to background levels within a very short distance from discharge (Hartley Anderson Ltd., 2001). Gross 


contamination of sediments by metals extends no further than 500 m downstream from production platforms except for Barium, which shows 



http://webarchive.nationalarchives.gov.uk/20141203171015/http:/chartingprogress.defra.gov.uk/ministerial-foreword

http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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evidence of elevated levels in the area within 500 to 1,000 m of platforms (Hartley Anderson Ltd., 2001). There are, however, some notable 


exceptions. For example, the levels of certain metals (Lead, Vanadium, Copper and Iron) appear higher in the southern North Sea compared 


to the northern North Sea. Work on seasonal current circulation patterns within the southern North Sea suggests that this may be due to 


coastal contamination transported offshore without being widely dispersed (Hartley Anderson Ltd., 2001).  


 


Where concentrations of total hydrocarbons (THCs) are found to be higher than Environmental Quality Standards (EQS) expected for the 


offshore, these are in the immediate vicinity of installations with concentrations generally falling to background levels within a very short 


distance from discharge.  


 


A maintain objective is advised for sediment quality based on expert judgment; specifically, our understanding of the feature’s sensitivity to 


pressures which can be exerted by ongoing activities i.e. oil and gas sector activities. While evidence indicates there may be elevated levels 


of contaminants in the site, exceeding EQLs, a maintain objective is advised as restoration of contaminants in the offshore is not currently 


feasible. Our confidence in this objective would be improved with longer-term monitoring, specifically contaminants within the site. Further 


information on the impacts associated with human activities on Annex I Sandbanks slightly covered by seawater all the time can be found in 


the Advice on Operations workbook for the site.        


 


 


 



http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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Table 2. Supplementary advice on conservation objectives (SACO): Annex I Reefs - Sabellaria spinulosa biogenic reef. 


 


Attribute: Extent and distribution 


Objective: Restore    


JNCC understands that the site has been subjected to activities that have resulted in a change to the extent and distribution of the feature 


within the site. Installation and/or removal of infrastructure may have a continuing effect on extent and distribution of the biogenic reef within 


the site. As such, JNCC advise a restore objective which is based on expert judgment; specifically, our understanding of the feature’s 


sensitivity to pressures which can be exerted by ongoing activities i.e. those associated with the oil and gas industry and demersal fishing. 


Our confidence in this objective would be improved with longer-term monitoring and access to better information on the activities taking place 


within the site. Activities must look to minimise, as far as is practicable, damaging the established i.e. high confidence reef within the site. 


 


Explanatory notes 


Extent refers to the area of the site occupied by the feature and must consider how the feature is distributed across the site as this influences 


the component communities present and can contribute to the health and resilience of the feature (JNCC, 2004a). Annex I reefs include 


biogenic concretions, such as Sabellaria spinulosa reef, which arise from the sea floor in the sublittoral and littoral zone (ECDG Environment, 


2007). The extent and distribution of S. spinulosa reef is defined and delineated in terms of reef elevation, area and patchiness (Gubbay, 


2007). These factors are all considered important to the definition of examples of the actual feature as there is a natural graduation from 


solitary individuals, to small clusters or crusts, to areas of confirmed reef.  


 


In UK waters, S. spinulosa reef is typically found from 3 m to over 40 m deep (Jessop and Stoutt, 2006; JNCC, 2010a; JNCC, 2010b). The 


extent of S. spinulosa reefs are highly variable and subject to physical and biological pressures such as those created by storms and 


predation. Sabellaria reefs are naturally ephemeral (capable of forming, decaying and disappearing from an area over just a few years) and 


shift in spatial distribution (occasionally forming cohesive expanses of reef up to several hectares, but often demonstrating a high degree of 


patchiness) (Hendrick et al., 2011; Benson et al., 2013; Roberts et al., 2016). Due to the cyclical nature of reef formation and decay, it is 


important to conserve the feature’s overall extent within a site, and that this approach includes conserving both established reef and areas of 


potential reef. Assessments should focus on reef extent occurring at that specific point in time, therefore a repeat survey may be required at 


the point of assessment. 


 



http://jncc.defra.gov.uk/page-3054
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Established areas of reef that persist over time form more elevated structures or consistently recolonise the same areas and are especially 


important for conservation of the feature’s extent (Roberts et al., 2016). Please see explanatory notes under the supporting processes  


attribute relating to supporting habitats for further information.  


                                         ----------------------------------------------------------------------------------------------------------- 


 


Extent and distribution within the site 


The extent and distribution of high confidence Annex I S. spinulosa biogenic reef feature and areas of potential reef are shown in the site 


map provided in Annex A. To better visualise the different extents and distributions of the high confidence and potential reef within the site an 


extract of the site map is provided in Annex B. High confidence reef has been observed at several locations within the site, hosting examples 


of biogenic reef in an open, tide-swept situation on sand and gravelly sand habitat (Vanstaen and Whomersley, 2015).  Areas of potential 


reef shown in the map can provide supporting habitats for the establishment of new Annex I S. spinulosa biogenic reef. Advice is provided on 


these areas under the Supporting processes attribute.  


 


During a 2003 survey (BMT Cordah, 2003) an extensive area of reef named Saturn Reef, was identified between Swarte and Broken banks. 


The extent of Saturn Reef was estimated to cover an area of 0.375km2, with a core area (0.125km2) of near continuous (90% coverage of the 


core area) and high elevation reef (>10cm high). Areas of patchy reef (<10-50% coverage of reef extent) were also observed in the same 


area. In follow-up surveys in 2006 (Limpenny et al., 2010) and 2013 (Vanstaen and Whomersley, 2015) no substantial reef structures were 


found in the Saturn reef area. It is not understood whether the loss was a result of damage (e.g. from bottom trawling), or due to the 


ephemeral nature of this feature. Further work is needed to investigate potential causes of reef disappearance to distinguish between natural 


or anthropogenic environmental drivers (Vanstaen and Whomersley, 2015). Nonetheless, formation of such a substantial reef of S. spinulosa 


in the area of Saturn Reef in 2003 indicates the presence of favourable conditions for reef formation. Please see explanatory note on 


supporting habitats under supporting processes for more information on favourable conditions within the site for reef formation.  


 


In the 2013 survey, a new area of S. spinulosa reef was recorded and mapped as high confidence reef (Ellwood, H., 2013) to the west of the 


Saturn reef area and at several other locations throughout the site such as the northern sections of the Swarte and Well Banks (troughs and 


flanks) and the troughs in the southern sections of Inner and Leman banks (Vanstaen and Whomersley, 2015). The depth at which S. 


spinulosa have been recorded across the site varies between -20m and -40 m. The total area is estimated to be approximately 115 hectares 


(Vanstaen and Whomersley, 2015), but it is important to understand that the boundaries of areas of S. spinulosa that have been mapped and 


presence confirmed by video analysis should be considered as a coarse demarcation rather than a sharp boundary.   
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Vessel Monitoring System (VMS) data shows demersal fishing activity occurring over Annex I biogenic reef. Fishing activity can result in 


impacts to the feature extent through abrasion. Aggregate extraction and predominantly gas extraction activities are also operating in areas 


where S. spinulosa reef has been found. These activities are capable of exerting pressures to which the feature is sensitive to e.g. habitat 


physical change, obstruction and siltation rates changes and have the potential to impact the extent and distribution of the biogenic reef 


feature. Our understanding is that the aggregate industry operates under a policy of avoiding impacting areas where S. spinulosa is found. 


Therefore, there is no evidence to suggest that S. spinulosa reef within the site is impacted by this specific activity.  


 


A restore objective is advised however, for extent and distribution based on expert judgment, specifically our understanding of the 


feature’s sensitivity to pressures which can be exerted by ongoing activities i.e. demersal fishing and oil and gas sector activities. Our 


confidence in this objective would be improved with long-term monitoring and access to better information on the activities occurring in the 


site. Activities must look to avoid, as far as is practicable, damaging established reef within the site. Further information on the impacts 


associated with human activities on Annex I S. spinulosa biogenic reef can be found in the Advice on Operations workbook. 


 


Attribute: Structure and function 


Objective: Restore   


JNCC understands that the site has been subjected to activities that have resulted in a change to the structure and function of the feature 


within the site. Installation and/or removal of infrastructure may have a continuing effect on structure and function, specifically the 


characteristic communities and sediment composition and distribution. As such, JNCC advise a restore objective which is based on expert 


judgment; specifically, our understanding of the feature’s sensitivity to pressures which can be exerted by ongoing activities i.e. those 


associated with the oil and gas industry and demersal fishing. Our confidence in this objective would be improved with long-term monitoring 


and access to better information on the activities taking place within the site. Activities must look to minimise, as far as is practicable, damage 


and disturbance to the physical structure of established reef within the site and its associated biological communities. 


 


Explanatory notes 


Structure  


Structure encompasses both the physical and biological structure of a habitat type. 
 
Physical structure 
Physical structure relates to topography and surface complexity of the feature and can itself influence the prevailing hydrodynamic regime at 
varying spatial scales. Biological structure refers to the presence and abundance of key and influential species and the characteristic 
communities present and the population structure of associated species assemblages. Biological communities are important in characterising 



http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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the nature of the feature and in describing the health of the feature, i.e. defining its conservation status and those ecosystem services it 
provides.  
 


Physical structure 


Sabellaria spinulosa worms use sand and shell fragments to build tubes, which they attach to the underlying substrate. When conditions are 


favourable, dense aggregations of individuals form reef structures rising above the surrounding seabed (Jackson, 1977; Chisholm and 


Kelley, 2001; OSPAR, 2013). These elevated aggregations characterise the biogenic reef feature and themselves provide attachment 


surfaces for other epifauna and crevices that afford protection to fauna from predation, physical disturbance and physiological stress 


(Hendrick et al., 2011). The structure provided by S. spinulosa reef is valuable in soft sediment areas by maintaining a higher faunal diversity 


than the surrounding substrate, by virtue of the epifauna attached to or within the reef. It is therefore important that the physical structure of 


the feature is conserved to conserve epibenthic diversity. 


 


It is important to note that the physical structure of the reef can naturally be highly variable. Elevation of the feature (average tube height) 


varies naturally across the reef with low, medium and high reef tentatively considered as between 2-5 cm, 5-10 cm and 10-20 cm 


respectively (Gubbay, 2007). High densities of S. spinulosa can also form crusts or sheets and although not widely considered to be reef, 


these areas can be considered stages in reef development and should be considered in assessments (Gubbay, 2007; see the advice under 


supporting habitats for more information). Densities of S. spinulosa aggregations are also known to vary widely from 120 tubes per m2 


recorded in Belfast Lough, Northern Ireland to more than 4500 tubes per m2 in the Wash on the east coast of England (Hendrick and Foster-


Smith, 2006).  


 


Whilst some aggregations may be short-lived, with the reef disintegrating and disappearing soon after the death of the reef-builders, in other 


cases the reefs may repeatedly develop and decline in regular succession through resettlement after each successive generation has died. 


The physical structure of the reef can also naturally bioerode or become covered by mobile sediments, leading to patchy distributions of S. 


spinulosa reefs interspersed with patches of underlying sediment (Hendrick and Foster-Smith, 2006; Limpenny et al., 2010). 


 


It is likely that if prevailing conditions and the timing of disturbance are favourable, i.e. disturbance/damage does not occur during a 


spawning/reproduction event, S. spinulosa reefs can recover their physical structure relatively quickly (within 16-24 months) from short-term 


or intermediate levels of physical impact/abrasion (Pearce et al., 2007; Gibb et al., 2014). Recovery will be accelerated where some of the 


reef is left intact as this will assist larval settlement of new recruits of the species (Vorberg, 2000; Cooper et al., 2007; Pearce et al., 2007; 


Savage et al., 2008).  


----------------------------------------------------------------------------------------------------------- 
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Physical structure within the site 


The density of S. spinulosa biogenic reef varied across the area of Saturn Reef when identified in 2003. A core section of near continuous 


and high profile reef (10cm high) with very dense coverage (90% of the seabed) was identified, with some sections rising to up to 25cm 


above the seabed. Also observed were patchier reef areas with 10-50% coverage and even sparser reef patches with less than 10% 


coverage. Reef patches were either broken by various 'holes' or were elongated strips, raised above surrounding seabed with surrounding 


sediment included both tube debris and non-tube sediment consisting of silty sand/stones (BMT Cordah, 2003). 


 


Further surveys were undertaken by JNCC and Cefas in 2013 in five discreet areas across the site where video and acoustic data were 


collected. Tube elevation was taken into account using the Gubbay 2007 measure of reefiness, whereby >10cm in height was considered as 


high reefiness. The best examples of S. spinulosa reef in terms of coverage and height were found to the west of the Saturn Reef. This area 


contained the highest number of S. spinulosa individuals when compared to other discreet sampling areas (Vanstaen and Whomersley, 


2015).   


 


The human activities taking place in the site i.e. demersal fishing and activities associated with the oil and gas industry have the potential to 


impact the physical structure of the established biogenic reef in the site. Again, our understanding is that the aggregate extraction occurring 


in the area where S. spinulosa is found operates under a policy of avoiding impacting areas where reef is present. Therefore, there is no 


evidence to suggest that S. spinulosa reef within the site is impacted by this specific activity. 


 


A restore objective is advised based on expert judgment; specifically, our understanding of the feature’s sensitivity to pressures which can 


be exerted by ongoing activities i.e. demersal fishing and oil and gas industry activities. Our confidence in this objective would be improved 


with longer-term monitoring and access to better information on the activities taking place within the site. Activities must look to minimise, as 


far as is practicable, disturbance to the structure of established reef within the site. Further information on the impacts associated with human 


activities on Annex I S. spinulosa biogenic reef can be found in the Advice on Operations workbook. 


 


----------------------------------------------------------------------------------------------------------- 
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Biological structure: Key and influential species  


Key species form a part of the habitat structure or help to define a biotope. S. spinulosa as a species itself is key to the conservation of the 


reef’s extent and physical structure. As mentioned under physical structure, these polychaete worms build tubes that often form dense 


aggregations characterising the feature and support the provision of ecosystem services, such as nutrition, carbon and nutrient cycling, water 


regulation and habitat provisioning. A study has identified a significant correlation between the density of living worms and reef biodiversity 


(Fariñas-Franco et al., 2014). It is important therefore that living worm presence, abundance and density is conserved, acknowledging their 


ephemeral nature. Influential species are those that have a core role in the structure and function of the habitat, and can include grazers, 


surface borers and predators. 


 


---------------------------------------------------------------------------------------------------------- 


 


Biological structure: Key and influential species within the site  


S. spinulosa is the key species of this feature responsible for building the tubular structures that make up the reef. Individual worms, using 


sediments from the surrounding habitats, build reef structures which can influence the finer scale topography and result in increased species 


diversity in comparison to surrounding areas. In some areas, S. spinulosa was found in high abundances, of up to 9000 individuals (Jenkins 


et al., 2015).  


 


Scavenger decapods, Galathea intermedia, Ebalia cranchii and Pilumnus hirtellus (BMT Cordah, 2003) as well as the gastropod mollusc 


Noemiamea dolioliformis, believed to be an ectoparasite of Sabellaria (Killeen and Light, 2000) are also associated with the reef in the site. 


However, the significance of their role in supporting the reef’s function and health is not well understood and they are not considered further 


in our advice.  


 


The activities taking place in the site e.g. those associated with the oil and gas sector and demersal fishing have the potential to impact the 


key and influential species of the feature, specifically S. spinulosa by way of damaging the physical structure of the reef. Our understanding 


is that the aggregate extraction occurring in the area where S. spinulosa is found operates under a policy of avoiding impacting those areas. 


Therefore, there is no evidence to suggest that S. spinulosa reef within the site is impacted by this specific activity. 


 


A restore objective is advised based on expert judgment; specifically, our understanding of the feature’s sensitivity to pressures which can 


be exerted by ongoing activities i.e. demersal fishing and oil and gas industry activities. Our confidence in this objective would be improved 
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with longer-term monitoring, access to better information on the activities taking place within the site and a better understanding of the 


species which can play key and influential roles in the feature’s function and health. Activities must look to minimise, as far as is practicable, 


disturbance to the S. spinulosa associated with established reef within the site.  Further information on the impacts associated with human 


activities on Annex I Sabellaria spinulosa biogenic reef can be found in the Advice on Operations workbook. 


 


---------------------------------------------------------------------------------------------------------- 


 


Biological Structure: Characteristic communities  


Changes to the spatial distribution and abundance of communities occurring on or within the feature could indicate changes to the overall 


feature (JNCC, 2004a).  The species composition of communities includes a consideration of both the overall range of species present within 


the community, as well as their relative abundance. Species composition could be altered by human activities without changing the overall 


community type.  


 


S. spinulosa reef structures support epifaunal and crevice-dwelling species, leading to distinct macrofaunal biotopes that are richer than the 


surrounding sediments (BRIG 2008; Fariñas-Franco et al., 2014). This biodiversity is an indicator of the health of S. spinulosa reefs. The 


biological communities vary greatly depending on reef depth, the sediment type where the reef forms, and fine-scale physical, chemical and 


biological processes (OSPAR 2013; Fariñas-Franco et al., 2014). The biotope most characteristic of S. spinulosa reef is Sabellaria spinulosa 


on stable circalittoral mixed sediment (SS.SBR.PoR.SspiMx; JNCC, 2015).  


 


The diverse range of epifauna on S. spinulosa reefs includes mixed faunal turfs of bryozoans (Flustra foliacea, Alcyonidium diaphanum, 


Cellepora pumicosa) and hydroids, together with calcareous tubeworms (Lanice conchilega, Pomatoceros triqueter), sponges and tunicates. 


Additional epifauna known to occur include barnacles (Balanus crenatus), starfish (Asterias rubens), sea spiders (pycnogonids), hermit crabs 


(Pagurus bernhardus), bivalves (Abra alba and Nucula nitidosa), gastropod molluscs (Noemiamea dolioliformis, Gibbula cineraria), shrimp 


(Pandalus montagui), the long-clawed porcelain crab (Pisidia longicornis) and squat lobster (Foster-Smith and Hendrick, 2003; JNCC, 2015, 


OSPAR, 2013). Typical infauna includes sublittoral polychaete species such as Protodorvillea kefersteini, Harmothoe spp, Scoloplos armiger, 


Mediomastus fragilis, and cirratulids, and tube building amphipods such as Ampelisca spp. (JNCC, 2015).  It is important to conserve the 


natural spatial distribution, composition, diversity and abundance of the characterising communities associated with reef within the site to 


avoid diminishing biodiversity and ecosystem functioning within the habitat and to support its health (Hughes et al., 2005; Fariñas-Franco et 


al., 2014).  


---------------------------------------------------------------------------------------------------------- 



http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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Biological structure: Characteristic communities within the site 


In addition to S. spinulosa, polychaetes such as Pholoe synophthalmic, Mediomastus fragilis, Scalibregma inflatum and Notomastus sp, 


burrowing bivalves such as Abra alba, Mysella bidentata, Tapes rhomboides and Mya truncate, and decapodes such as Upogebia deltuara, 


are all associated with this feature within the site, and are believed to play a role in marine bioturbation (BMT Cordah, 2003).  Other species 


associated with the S. spinulosa reef feature within the site included: several species of crustaceans e.g. squat lobster Galathea intermedia, 


edible crab Cancer pagurus and porcelain crab Pisidia longicornis, as well as worm species e.g. scaleworm family Polynoidae and 


polychaetes such as Eteone longa, Phyllodoce mucosa, Eunereis longissima, Sthenelais boa and Glycinde nordmanii, the shrimp-like 


amphipod Abludomelita obtusata and the brittlestar Amphipolis squamata (Jenkins et al., 2015). 


 


The human activities taking place within the site, i.e. those associated with oil and gas sector activities and demersal fishing have the 


potential to impact the characterising species associated with the Annex I feature, S. spinulosa biogenic reef by damaging established reef. 


Again, our understanding is that the aggregate extraction operates under a policy of avoiding impacting those areas where the feature is 


known to occur. Therefore, there is no evidence to suggest that S. spinulosa reef within the site is impacted by this specific activity and it is 


not considered further under this attribute. 


 


A restore objective is advised based on expert judgment; specifically, our understanding of the feature’s sensitivity to pressures which can 


be exerted by ongoing activities i.e. demersal fishing and oil and gas sector activities. Our confidence in this objective would be improved 


with longer-term monitoring and access to better information on the activities taking place within the site. Activities must look to minimise, as 


far as is practicable, disturbance to the characterising species associated with established reef within the site. Further information on the 


impacts associated with human activities on Annex I S. spinulosa biogenic reef can be found in the Advice on Operations workbook. 


 


----------------------------------------------------------------------------------------------------------- 


 


Function 


Functions are ecological processes that include sediment processing, secondary production, habitat modification, supply of recruits, 


bioengineering and biodeposition. These functions rely on the supporting natural processes and the growth and reproduction of those 


biological communities that characterise the habitat and deliver a variety of functional roles within it (Norling et al., 2007), i.e. key and 


influential species and characterising communities as mentioned. These functions can occur at several temporal and spatial scales and help 


to maintain the provision of ecosystem services locally and to the wider marine environment (ETC, 2011; Pearce et al., 2011).  



http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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Ecosystem services provided by Annex I reefs include:  


• Nutrition: enhanced levels of productivity occur on or around S. spinulosa reefs and S. spinulosa are a direct food source to several 


commercially important fish species, such as dab (Limanda limanda), dover sole (Solea solea) and plaice (Pleuronectes platessa). 


Conserving S. spinulosa reefs can make an important contribution to fish stocks thus benefiting the fishing industry; 


• Carbon and nitrogen cycling: maintaining healthy and productive ecosystems; 


• Water regulation: S. spinulosa filters the water column maintaining healthy and productive ecosystems; and 


• Habitat provisioning: S. spinulosa provides suitable living space for marine animals maintaining commercially important species. 


 


----------------------------------------------------------------------------------------------------------- 


 


Function of the feature within the site 


Ecosystem services that may be provided by Annex I S. spinulosa reef within the site include: 


• Nutrition: there is currently insufficient evidence available to provide further detail on nutrition provision by the feature at this site. 


• Carbon and nitrogen cycling: there is currently insufficient evidence available to provide further detail on carbon and nitrogen cycling 


by the feature at this site. 


• Water regulation: there is currently insufficient evidence available to provide further detail on water regulation by the feature at this 


site.   


•  Habitat provisioning: the abundance of certain characteristic taxa showed stronger relationships with both S. spinulosa abundance 


and reef volume than with sediment type (Jenkins et al., 2015). This could indicate that certain species are relying on the key and 


associated species associated with S. spinulosa reef as a food source.  


 


Given that a recover objective is advised for characteristic communities on which these functions rely, JNCC also advise a recover objective 


for this sub-attribute. Our confidence in this objective would be improved by long-term monitoring and a better understanding of the role 


which biological communities play in supporting the function and health of the feature. 


 


Further information on the impacts associated with human activities on Annex I S. spinulosa biogenic reef can be found in the Advice on 


Operations workbook. 


 



http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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Attribute: Supporting processes 


Objective: Restore   


A restore objective is advised for the supporting habitat within the site and a maintain objective is advised for hydrodynamic regime and 


water quality within the site. These objectives are based on expert judgment; specifically, our understanding of the feature’s sensitivity to 


pressures which can be exerted by ongoing activities i.e. demersal fishing and oil and gas sector activities. Our confidence in these 


objectives would be improved with longer-term monitoring, specifically of contaminants within the site. It would also be improved with access 


to better information on the activities taking place within the site. Activities must look to minimise, as far as is practicable, disturbance to the 


hydrodynamic regime within the site and the habitats which support the reef within the site. Activities must also look to avoid, as far as is 


practicable, exceeding Environmental Quality Standards for aqueous contaminants as set out below. 
 


Explanatory notes 


The S. spinulosa reef feature relies on a range of natural processes to support the functions (ecological processes) and help any recovery 


from adverse impacts. Physical, biological and chemical supporting processes affect reef development and persistence, and the faunal 


composition of reef communities (Alexander et al., 2014). For the site to fully deliver the conservation benefits set out in the statement on 


conservation benefits, the natural supporting processes of hydrodynamic regime, supporting habitats and water quality must remain largely 


unimpeded.  


 


Hydrodynamic regime 


Hydrodynamic regime refers to the speed and direction of currents, seabed shear stress and wave exposure. These mechanisms circulate 


food resources and propagules, influence water properties by distributing dissolved oxygen, and facilitating gas exchange from the surface to 


the seabed (Chamberlain et al., 2001; Biles et al., 2003; Hiscock, 2005; Dutertre et al., 2012). Hydrodynamic regime also effects the 


movement, size structure and sorting of sediment particles, which as filter-feeders could affect the feeding behaviour, growth and survival of 


S. spinulosa. 


 


As filter-feeders requiring water movement, S. spinulosa inhabit areas of high turbidity, high sediment load, moderate currents and moderate 


suspended organic particulate load (Jones et al., 2000; Foster-Smith, 2001; Hendrick et al., 2011). These conditions provide sediment supply 


for tube building, food, oxygen, larvae for recruitment, waste removal and prevent sedimentation (Kirtley and Caline, 1992; Jones, 1999; 


Jackson and Hiscock, 2008). Reef communities of S. spinulosa have been found in areas with current velocities of 0.5m/s to 1.0m/s 


(Mistakidis, 1956; Jones et al., 2000; Davies et al., 2009).  


 



http://jncc.defra.gov.uk/pdf/NNSSR_Statements_v1_0.pdf
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It is important to maintain the hydrodynamic regime and a degree of sedimentation within the site to supply the sediment for the worms to 


build the tubes that form the reef structure. It is probable that S. spinulosa can tolerate smothering by sediment for up to several weeks. 


However, the rate of sediment deposition can influence the status of reef habitats and their associated communities. Sedimentation on reefs 


can influence community composition, alter species growth rates and potentially impact reproductive success by affecting larval recruitment. 


 


Studies have noted the regular smothering of intertidal Sabellaria reefs, where a near complete kill occurred every winter (Miller, 2001). 


Nevertheless, recruitment was reported each spring, indicating that these intertidal reefs were essentially being maintained by more stable 


subtidal reefs (Fariñas-Franco et al., 2014). While the susceptibility of subtidal reefs to smothering is not well understood, evidence indicates 


that increased sediments can present a potential threat to S. spinulosa with the species found to have a medium sensitivity to moderate 


smothering (Fariñas-Franco et al., 2014; Tillin et al., 2015). It is important therefore to conserve the natural sedimentation rates influencing 


reef environments.  


----------------------------------------------------------------------------------------------------------- 


 


Hydrodynamic regime within the site 


The water within the site is a mixture of both northern Fair Isle and southern English Channel waters. The site presents a complex pattern of 


currents that are presently not that well understood.  Water movement is influenced by the local topography, with strongest currents 


measured on the near-shore sandbanks and decreasing with distance offshore (Jenkins et al., 2015). For example, on one of the banks, 


near-bed residual tidal currents have been observed to be strongest towards the crestline and in opposing directions on either side of the 


bank (Caston and Stride 1970; Caston, 1972). 


 


Tides over the area are controlled by a progressive tidal wave, moving down the coastline of England. Episodic currents over the wider area 


of Norfolk Banks induced by storm surges, cause sand to be transported in directions other than those caused by the tidal currents alone 


(Flather, 1987). The former, combined with observed tidal flows (Venn and D’Olier, 1983) is expected to transport sand oblique to the tidal 


currents and towards the northeast up to about 100 km to seaward, contributing to the sandbank feature’s natural progression in this 


direction (Stride, 1988). 


 


A hydrodynamic model developed by CEFAS (currently unpublished), indicates that ocean current flow is predominantly in a south-easterly 


direction with predicted velocities at seabed reaching a maximum of 2.7m/s.  The wave regime in the site has a marked seasonality. Wave 


height ranges from 0.5 m to greater than 4 m, with the largest waves being seen in the winter months when waves of over 3 m height are 


regularly recorded (Draper, 1968; Marshall, 1997). 







33 
 


 


While there is evidence to suggest hydrodynamic regime is impacted locally by human activities within the site e.g. aggregate extraction, 


cabling and oil and gas sector activities, it is unclear whether this is occurring on such as scale as to impact the natural formation and 


distribution of the biogenic reef within the site.  


 


A maintain objective is advised based on expert judgment; specifically, our understanding of the feature’s sensitivity to pressures which 


can be exerted by ongoing activities. Our confidence in this objective would be improved with longer term monitoring, specifically of the 


hydrodynamics within the site and its influence on the formation and distribution of biogenic reef. It would also be improved with access to 


better information on the activities taking place within the site. Activities must look to minimise, as far as is practicable, disturbance to the 


hydrodynamic regime within the site. Further information on the impacts associated with human activities on Annex I S. spinulosa biogenic 


reef can be found in the Advice on Operations workbook. 


 


---------------------------------------------------------------------------------------------------------- 


Supporting habitats 


S. spinulosa reefs are completely reliant on the supporting habitat they colonise. Suitable supporting habitats can vary but in the offshore 


environment tend to be limited to sublittoral sand, mud and to a lesser extent mixed sediments (Savage et al., 2008). Loss of suitable 


supporting habitats from an area could hinder the establishment or maintenance of reef and, consequently, the maintenance or recovery of 


the feature’s overall extent. 


 


Areas where there is evidence for the ability of reef to persist over time, forming more elevated structures or consistently recolonising, will be 


especially important for the conservation of the feature. Potential areas of reef outside persistent reef areas will also contribute towards the 


reefs’ existing distribution. Identifying areas where S. spinulosa could colonise beyond the persistent reef areas provides evidence-based 


identification of supporting habitats within the site (Fariñas-Franco et al., 2014).  


 


Potential reef is defined as discrete areas where: 


• low confidence reef exists that does not meet the criteria to be defined as high confidence reef;  


• S. spinulosa reef has previously existed or dead reef is visible and prevailing environmental conditions are suitable for reef 


formation; or  


• acoustic evidence predicts reef is present but there is insufficient ground truthing to validate the acoustic evidence.  


 



http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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The biotope associated with S. spinulosa reef is not considered sensitive to small-scale changes to the coarse sediment types, for example 


changes from gravel to sandy gravel (George and Warwick, 1985). However, the biotope can be negatively impacted by a change to the 


finest sediment class, for example a change in the sediment classification from sand to ‘mud and sandy mud’ (Long, 2006). Any changes in 


sediment type greater than one folk class should be considered when assessing the potential impact of a development on S. spinulosa 


reef. It is important to note that supporting habitats can naturally vary in their spatial distribution and extent where they are mobilised by 


prevailing currents. It is important to maintain the natural extent and distribution of areas suitable for reef formation. 


 


----------------------------------------------------------------------------------------------------------- 


 


Supporting habitats within the site 


The site map available in Annex A shows the extent and distribution of both high confidence reef and potential reef within the site. To better 


visualise the different extents and distributions of the high confidence and potential reef within the site an extract of the site map is provided 


in Annex B. The areas of high confidence reef have been discussed under the preceding attributes; extent and distribution and structure and 


function. The areas of potential reef delineated in the site map are those parts of the site where evidence indicates that established reef has 


been recorded historically but since disappeared (Vanstaen and Whomersley, 2015; Ellwood, 2013). These areas represent supporting 


habitat for the reef feature in the site and are composed of the following sediment types; circalittoral sand, circalittoral mixed sediments and 


circalittoral coarse sediments.  


 


Vessel Monitoring System (VMS) data shows demersal fishing activity occurring over areas mapped as potential reef. Aggregate extraction 


and gas well exploration are also operating within and close to areas where S. spinulosa potential reef is mapped. While we are aware of 


aggregates dredging operating in such a way as to ensure that established reef is undisturbed we are not aware of a similar practise to avoid 


impacting areas of supporting habitat and so both of these activities are capable of impacting areas of supporting habitat mainly through 


abrasion and habitat physical change and to a lesser extent siltation rate changes.  


 


A restore objective is advised based on expert judgment, specifically our understanding of the feature’s sensitivity to pressures which can 


be exerted by ongoing activities i.e. aggregates, demersal fishing and oil and gas sector activities. Our confidence in this objective would be 


improved with longer-term monitoring. It would also be improved with access to better information on the activities taking place within the 


site. Activities must look to minimise, as far as is practicable, disturbance to the supporting habitats as mapped. Further information on the 


impacts associated with human activities on Annex I S. spinulosa biogenic reef can be found in the Advice on Operations workbook. 


----------------------------------------------------------------------------------------------------------- 



http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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Water quality 


Contaminants may impact the ecology of a reef through direct biological effects on different species within the habitat, depending on the 


nature of the contaminant (JNCC, 2004b; UKTAG, 2008; EA, 2014). It is important therefore to avoid changing the water quality of a site and 


as a minimum ensure compliance with existing Environmental Quality Standards (EQSs). 


 


The targets listed below for water contaminants in the marine environment are based on existing targets within OSPAR or the Water 


Framework Directive (WFD) and require concentrations and effects to be kept within levels agreed in the existing legislation and international 


commitments. These targets are set out in The UK Marine Strategy Part 1: The UK Initial Assessment (2012). Aqueous contaminants must 


comply with water column annual average (AA) EQSs according to the amended EQS Directive (2013/39/EU) or levels equating to 


(High/Good) Status (according to Annex V of the WFD (2000/60/EC), avoiding deterioration from existing levels).  


 


The following sources provide information regarding historic or existing contaminant levels in the marine environment: 


• Marine Environmental and Assessment National Database (MERMAN); 


• The UK Benthos database available to download from the Oil and Gas UK website; 


• Cefas’ Green Book; 


• Strategic environmental assessment contaminant technical reports downloadable from the British Geological Survey website; and 


• Charting Progress 1: The State of the UK Seas (2005) and Charting Progress 2: The State of the UK Seas (2014).  


 


The properties of water that influence biogenic reef habitats include salinity, pH, temperature, suspended particulate concentration, nutrient 


concentrations and dissolved oxygen. These parameters can act alone or in combination to affect habitats and their associated communities 


in different ways, depending on species-specific tolerances. In offshore habitats, these parameters tend to be relatively stable, particularly in 


deeper waters, although there may be some natural seasonal variation. Changes in any of these properties through human activities may 


impact habitats and the communities they support (Little, 2000; Gray and Elliot, 2009; Gibb et al., 2014).   


Changes in suspended sediment may have a range of biological effects on different species within the habitat, affecting the ability of species 


to feed or breathe (Elliott et al., 1998; Gibb et al., 2014). A prolonged increase in suspended particulates can affect fish health, clog the 


filtering organs of suspension feeders and affect seabed sedimentation rates (Elliot et al., 1998; Gibb et al., 2014). Specific impacts of 


changes in suspended sediment on S. spinulosa can include smothering by sediment (Gibb et al., 2014). One study found S. spinulosa can 


survive short term, episodic sand burial of at least several centimetres for up to 32 days (Last et al., 2011), but in other studies losses of 


Sabellarid reefs have been attributed to burial (Zale and Merrifield, 1989; Porras et al., 1995). The maximum tolerance of S. spinulosa to 


burial by sedimentation is unknown (Hendrick et al., 2011). S. spinulosa also need suspended sediment for tube-building. S. spinulosa are 



https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/69632/pb13860-marine-strategy-part1-20121220.pdf

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2013:226:0001:0017:EN:PDF

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02000L0060-20141120

http://www.bodc.ac.uk/projects/uk/merman/project_overview/

http://oilandgasuk.co.uk/environment-resources.cfm

https://www.cefas.co.uk/publications/greenbook/greenbookv15.pdf

http://www.bgs.ac.uk/data/sea/

http://webarchive.nationalarchives.gov.uk/20141203174606/http:/chartingprogress.defra.gov.uk/charting-progress2005

http://webarchive.nationalarchives.gov.uk/20141203170558/http:/chartingprogress.defra.gov.uk/
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selective about the size of sediment particles that they build their tubes with, typically favouring medium-sized particles (120-500 μm 


diameter; Hendrick et al., 2007). A substantial reduction in suspended sediment can therefore impede S. spinulosa reef 


formation/maintenance. 


 


Low dissolved oxygen can have sub-lethal and lethal impacts on fish, infaunal and epifaunal communities (Best et al., 2007). Concentrations 


of contaminants in the water column must, as a minimum, not exceed the EQS listed above. S. spinulosa reefs tend to be tolerant of adverse 


conditions such as polluted water, low salinity, low oxygen levels (Mistakidis, 1956; Jones et al., 2000; Davies et al., 2009). There is very little 


information on temperature tolerance for Sabellaria. The latitudinal distribution of S. spinulosa suggests broad temperature tolerance, 


although limited site-specific information mean some precaution is needed because any rapid local temperature change may have an impact 


(OSPAR, 2012; Fariñas-Franco et al., 2014). Contaminants may impact S. spinulosa biogenic reefs, depending on the nature of the 


contaminant (UKTAG, 2008; EA, 2014). The sensitivity/tolerance of S. spinulosa to organic and inorganic pollutants is unknown. It is 


important therefore to carefully consider any proposals or human activity that could change the natural water quality properties affecting a 


site and as a minimum ensure compliance with existing EQS.  


 


----------------------------------------------------------------------------------------------------------- 


 


Water quality within the site 


There is not much known about the quality of the water within the site. Most of the information which is available is on the wider Southern 


North Sea area. The planktonic assemblage in the Southern North Sea area is largely influenced by inflows of northeast Atlantic water which 


is gradually mixed with North Sea water (HR Wallingford, 2002). Rates of primary production increase significantly in the spring months 


followed by a smaller peak in abundance in the autumn, influenced to some extent by vertical mixing, stratification of the water column and 


light availability (Johns and Reid, 2001).   


Surface temperatures in the region can be highly variable, with temperatures ranging from 8 to 14.6°C during May alone (MALSF, 2009). 


Salinity for the site is in line with typical values for the North Sea with no significant seasonal variation and little variation in depth.  Values 


have been recorded at approximately 34.8 parts per thousand at the surface and 34.6 parts per thousand at the seabed in both summer and 


winter (BODC, 1998). Available evidence indicates that sediment suspension varies widely between summer (0 to 5 mg/l) and winter months 


(around 5 mg/l) (Dolphin et al., 2011).  


 


A considerable number of predominantly gas exploration developments occur within the site. The main contaminants associated with this 


activity come from produced water and drill cuttings. Higher quantities of corrosion inhibitors, gas treatment products and scale inhibitors are 



https://www.bodc.ac.uk/resources/products/data/bodc_products/ukdmap/
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discharged into the North Sea than chemicals of any other functional group. While possible sources of contamination are present on site, 


there is no information available to indicate whether water quality within the site is falling or above below Environmental Quality Standards 


(EQSs). However, Charting Progress 2 reports that the open seas are little affected by pollution and levels of monitored contaminants 


continue to fall, albeit slowly in many cases. JNCC therefore advise that aqueous contaminants must be maintained below the annual 


average (AA_EQS) according to the amended Environmental Quality Standards Directive (EQSD) (2013/39/EU) or levels equating to (High / 


Good) Status (according to Annex V of the Water Framework Directive (WFD) (2000/60/EC).  


 


A maintain objective is advised for water quality based on expert judgment; specifically, our understanding of the feature’s sensitivity to 


pressures which can be exerted by ongoing activities. Our confidence in this objective would be improved with longer-term monitoring, 


specifically contaminants within the site. Further information on the impacts associated with human activities on Annex I S. spinulosa 


biogenic reef can be found in the Advice on Operations workbook. 


 


 



http://webarchive.nationalarchives.gov.uk/20141203171015/http:/chartingprogress.defra.gov.uk/ministerial-foreword

http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx





38 
 


References 
 


Alexander, D., Colcombe, A., Chambers, C. and Herbert, R.J.H. (2014). Conceptual 


Ecological Modelling of Shallow Sublittoral Coarse Sediment Habitats to Inform Indicator 


Selection. JNCC Report No. 520 [online]. Available at: 


http://eprints.bournemouth.ac.uk/22354/1/Conceptual%20Model%20Shallow%20Sublittoral


%20Coarse%20Sediment%202014.pdf [Accessed 20 September 2017]. 


 


Barros, F., Underwood, A.J. and Archambault, P. (2004). The influence of troughs and crests 


of ripple marks on the structure of subtidal benthic assemblages around rocky reefs. 


Estuarine, Coastal and Shelf Science, 60: 781-790. 


 


Benson, A., Foster-Smith, B., Gubbay, S. and Hendrick, V. (2013). Background document on 


Sabellaria spinulosa reefs. Biodiversity Series [online]. Available at: 


http://www.ospar.org/documents/dbase/publications/p00614/p00614_sabellaria.pdf 


[Accessed 20 September 2017]. 


 


Best, M.A., Wither, A.W. and Coates, S. (2007). Dissolved oxygen as a physico-chemical 


supporting elements in the Water Framework Directive. Marine Pollution Bulletin, 55: 53-64 


[online]. Available at: http://www.sciencedirect.com/science/article/pii/S0025326X06003171 


[Accessed 20 September 2017]. 


 


Biles, C.L., Solan, M., Isaksson, I., Paterson, D.M., Emes, C. and Raffaelli, G. (2003). Flow 


modifies the effect of biodiversity on ecosystem functioning: an in-situ study of estuarine 


sediments. Journal of Experimental Marine Biology and Ecology, 285:165-177. 


 


BMT Cordah Ltd. (2003). Ross worm reefs and the Saturn development. Ross worm non-


technical report, Report to SubSea7 as part of a contract for ConocoPhillips: 8pp. 


 


BRIG (Ed. Ant Maddock). (2008). UK biodiversity action plan priority habitat descriptions: 


Sabellaria spinulosa reefs [online]. Available at: 


http://jncc.defra.gov.uk/pdf/UKBAP_BAPHabitats-47-SabellariaSpinulosaReefs.pdf 


[Accessed 20 August 2017]. 


 


Camphuysen, K., Scott, B. and Wanless, S. (2011). Distribution and foraging interactions of 


seabirds and marine mammals in the North Sea: A metapopulation analysis [online]. 


Available at: http://www.abdn.ac.uk/staffpages/uploads/nhi635/ZSLpaper-kees.pdf 


[Accessed 20 September 2017]. 


 


Caston, V.N.D. and Stride, A.H. (1970). Tidal sand movement between some linear sand 


banks in the North Sea off northeast Norfolk. Marine Geology, 9: M38-M42. 


 


Caston, V.N.D. (1972). Linear sand banks in the southern North Sea. Sedimentology,18: 63-


78. 


 


 



http://eprints.bournemouth.ac.uk/22354/1/Conceptual%20Model%20Shallow%20Sublittoral%20Coarse%20Sediment%202014.pdf

http://eprints.bournemouth.ac.uk/22354/1/Conceptual%20Model%20Shallow%20Sublittoral%20Coarse%20Sediment%202014.pdf

http://www.ospar.org/documents/dbase/publications/p00614/p00614_sabellaria.pdf

http://www.sciencedirect.com/science/article/pii/S0025326X06003171

http://jncc.defra.gov.uk/pdf/UKBAP_BAPHabitats-47-SabellariaSpinulosaReefs.pdf

http://www.abdn.ac.uk/staffpages/uploads/nhi635/ZSLpaper-kees.pdf





39 
 


Chamberlain, J., Fernandes, T.F., Read, P., Nickell, D. and Davies, I.M. (2001). Impacts of 


biodeposits from suspended mussel (Mytilus edulis L.) culture on the surrounding surficial 


sediments. ICES Journal of Marine Science, 58: 411-416. 


 


Chisholm, J.R.M. and Kelley, R. (2001). Worms start the reef-building process. Nature, 409: 


152-153. 


Coates, D.A., Alexander, D., Stafford, R. and Herbert, R.J.H. (2015). Conceptual ecological 


modelling of shallow sublittoral mud habitats to inform indicator selection. JNCC Report No. 


557 [online]. Available at: http://jncc.defra.gov.uk/PDF/Report%20557_web.pdf [Accessed 


20 September 2017]. 


 


Coates, D.A., Alexander, D., Herbert, R.J.H. and Crowley, S.J. (2016). Conceptual 


ecological modelling of shallow sublittoral sand habitats to inform indicator selection. JNCC 


Report No. 585 [online]. Available at: http://jncc.defra.gov.uk/pdf/Report_585_web.pdf 


[Accessed 20 September 2017]. 


 


Coblentz, K. E, Henkel, J. R., Sigel, B.J., and Taylor, C. M. (2015). Influence of sediment 


characteristics on the composition of soft-sediment intertidal communities in the northern 


Gulf of Mexico. PeerJ 3: e1014. https://dx.doi.org/10.7717/peerj.1014. 


 


Collins, M. B., Shimwell, S. J., Gao, S., Powell, H., Hewitson, C. and Taylor, J.A. (1995).  


Water and sediment movement in the vicinity of linear sandbanks: the Norfolk Banks, 


southern North Sea. Marine Geology, 123:125-142. 


 


Cooper, K.M., Curtis, M., Wan Hussin, W.M.R., Barrio F,C.R.S., Defew, E.C., Nye, V. and 


Paterson, D.M. (2011). Implications of dredging induced changes in sediment particle size 


composition for the structure and function of marine benthic macrofaunal communities. 


Marine Pollution Bulletin, 62: 2087-2094. 


 


Cooper, K., Boyd, S., Eggleton, J., Limpenny, D., Rees, H. and Vanstaen, K. (2007). 


Recovery of the seabed following marine aggregate dredging on the Hastings Shingle Bank 


off the southeast coast of England. Estuarine, Coastal and Shelf Science, 75 (4): 547558. 


 


Cooper, W. S., Townend, I. H., and Balson, P. S. (2008). A synthesis of current knowledge 


on the genesis of the Great Yarmouth and Norfolk Bank Systems. The Crown Estate, 69 pp. 


ISBN: 978-0-9553427-8-3. 


 


Coull, K. A., Johnstone, R. and Rogers, S.I. (1998). Fisheries sensitivity maps in British 


waters. UKOOA Ltd, Aberdeen. 


 


Daunt, F., Wanless, S., Greenstreet, S.P.R., Jensen, H., Hamer, K.C. and Harris, M,P. 


(2008). The impact of the sandeel fishery on seabird food consumption, distribution and 


productivity in the northwestern North Sea. Canadian Journal of Fisheries and Aquatic 


Science, 65: 362-81. 


 



http://jncc.defra.gov.uk/PDF/Report%20557_web.pdf

http://jncc.defra.gov.uk/pdf/Report_585_web.pdf

https://dx.doi.org/10.7717/peerj.1014





40 
 


Davies, A.J., Last, K.S. and Hendrick, V. J. (2009). Maintaining turbid and high flow 


conditions in laboratory studies. Journal of Experimental Marine Biology and Ecology, 370 


(1-2): 35-40. 


Dernie, K.M., Kaiser, M.J. and Warwick, R.M. (2003). Recovery rates of benthic communities 


following physical disturbance. Journal of Animal Ecology, 72: 1043–1056.  


 


Dolphin, T.J., Silva, T. A. M., Rees, J. M. (2011). Natural Variability of Turbidity in the 


Regional Environmental Assessment (REA) Areas. MEPF-MALSF Project 09-P114. Cefas, 


Lowestoft. 


 


Draper, L., (1968). Waves at Smith’s Knoll, North Sea. National Institute of Oceanography. 


Internal Report, A33. 


 


DTI. 2001.  Report to the Department of Trade and Industry.  Strategic Environmental 


Assessment of the Mature Areas of the Offshore North Sea SEA 2. Consultation Document. 


 


Duncan, G. (2016). Method for creating version 2 of the UK Composite Map of Annex I 


Sandbanks slightly covered by seawater all of the time [online]. Available at: 


http://jncc.defra.gov.uk/page-3058 [Accessed 20 September 2017]. 


 


Dutertre, M., Hamon, D., Chevalier, C. and Ehrhold, A. (2012). The use of the relationships 


between environmental factors and benthic macrofaunal distribution in the establishment of 


a baseline for coastal management. ICES Journal of Marine Science, 70: 294-308. 


 


Elliott, M., Nedwell, S., Jones, N.V., Read, S.J., Cutts, N.D. and Hemingway, K.L. (1998). 


Intertidal sand and mudflats and subtidal mobile sandbanks volume II. An overview of 


dynamic and sensitivity characteristics for conservation management of marine SACs. UK 


Marine SACs Project. Oban, Scotland, English Nature. 


 


Ellis, J. R., Maxwell, T., Schratzberger, M. and Rogers, S. I. (2010). The benthos and fish of 


offshore sandbank habitats in the southern North Sea. Journal of the Marine Biological 


Association of the United Kingdom, 91:1319 - 1335. Marine Biological Association of the 


United Kingdom, 2010 doi:10.1017/S0025315410001062. 


 


Ellis, J.R., Milligan S.P., Readdy L., Taylor N. and Brown M.J. (2012). Spawning and nursery 


grounds of selected fish species in UK waters. Cefas Report No. 147. 


 


Ellwood, H. (2013). Method for Creating a Composite Map of Annex I Reef in UK Waters. 


Available at: http://jncc.defra.gov.uk/pdf/20130607_AnnexI_Reef_Map_Methodology_v2.pdf. 


 


Environment Agency (EA) (2014). Water Framework Directive: Surface water classification 


status and objectives. Available at: https://data.gov.uk/dataset/wfd-surface-water-


classification-status-and-objectives could be re-issued on the data.gov.uk [Accessed 20 


August 2017]. 


 


European Commission DG Environment (ECDG Environment) (2007). Interpretation manual 


of European Union habitats [online]. Available at: 



http://jncc.defra.gov.uk/page-3058

http://jncc.defra.gov.uk/pdf/20130607_AnnexI_Reef_Map_Methodology_v2.pdf





41 
 


http://ec.europa.eu/environment/nature/legislation/habitatsdirective/docs/2007_07_im.pdf 


[Accessed 20 August 2017]. 


 


European Commission (EC) (2013). DG MARE Interpretation manual of European Union 
habitats [online]. Available at: 
http://ec.europa.eu/environment/nature/legislation/habitatsdirective/docs/Int_Manual_EU28.p
df [Access 20 September 2017]. 
 


European Topic Centre (ETC) (2011). Assessment and reporting under Article 17 of the 


Habitats Directive. Explanatory notes and guidelines for the period 2007-2012. Available at: 


https://circabc.europa.eu/sd/a/2c12cea2-f827-4bdb-bb56-3731c9fd8b40/Art17%20-


%20Guidelines-final.pdf [Access 20 September 2017]. 


 


Fariñas-Franco, J.M., Pearce, B., Porter, J., Harries, D., Mair, J.M. and Sanderson, W.G. 


(2014). Development and validation of indicators of Good Environmental Status for biogenic 


reefs formed by Modiolus modiolus, Mytilus edulis and Sabellaria spinulosa under the 


Marine Strategy Framework Directive. JNCC Report No. 523 [online]. Available at: 


https://s3.amazonaws.com/academia.edu.documents/38236430/Farinas_Franco_et_al._201


4_JNCC_Report_523.pdf?AWSAccessKeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=15059


28378&Signature=0%2FO0uS7nIfpms5Qddp%2FINXzdfr0%3D&response-content-


disposition=inline%3B%20filename%3DJNCC_Report_No._523._Marine_Strategy_Fra.pdf 


[Accessed 20 September 2017]. 


 


Flather, R.A., (1987). Estimates of extreme conditions of tide and surge using a numerical 


model of the north-west European continental shelf. Estuarine Coastal Marine Science, 24: 


69-93. 


 


Foster-Smith, R. L. (2001). Report of the field survey for the Sabellaria spinulosa project. 


Report for the Eastern Sea Fisheries Joint Committee and English Nature. pp 45. 


 


Foster-Smith, R. L. and Hendrick, V. J. (2003). Sabellaria spinulosa reef in The Wash and 


North Norfolk cSAC and its approaches: Part III, Summary of knowledge, recommended 


monitoring strategies and outstanding research requirements. English Nature Research 


Report 543:62. 


 


Frederiksen, M., Wright, P.J., Harris, M.P., Mavor, R.A., Heubeck, M. and Wanless, S., 


(2005). Regional patterns of kittiwake Rissa tridactyla breeding success are related to 


variability in sandeel recruitment. Marine Ecology Progress Series, 300:201-211. 


 


Fugro. (2013a). Habitat assessment report UKCS 48 and 49 Viscount VO, Vulcan UR and 


Vampire/Valkyrie OD (LOGGS). May/June 2013 Fugro EMU project no. J/1/20/2342. 


 


Fugro. (2013b). Habitat assessment report UKCS 48 and 49 Viking AR, CD, DD, ED, GD 


and HD (Fugro, 2013c). May/June 2013 Fugro EMU project no. J/1/20/2342. 


 


Fugro. (2013c). SNS decommissioning survey UKCS 48 and 49 Viking AR, Viking CD and 


Viking GD Decommissioning Environmental Report May/June 2013 Fugro EMU project no. 


J/1/20/2342. 



http://ec.europa.eu/environment/nature/legislation/habitatsdirective/docs/2007_07_im.pdf

http://ec.europa.eu/environment/nature/legislation/habitatsdirective/docs/Int_Manual_EU28.pdf

http://ec.europa.eu/environment/nature/legislation/habitatsdirective/docs/Int_Manual_EU28.pdf

https://circabc.europa.eu/sd/a/2c12cea2-f827-4bdb-bb56-3731c9fd8b40/Art17%20-%20Guidelines-final.pdf

https://circabc.europa.eu/sd/a/2c12cea2-f827-4bdb-bb56-3731c9fd8b40/Art17%20-%20Guidelines-final.pdf

https://s3.amazonaws.com/academia.edu.documents/38236430/Farinas_Franco_et_al._2014_JNCC_Report_523.pdf?AWSAccessKeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=1505928378&Signature=0%2FO0uS7nIfpms5Qddp%2FINXzdfr0%3D&response-content-disposition=inline%3B%20filename%3DJNCC_Report_No._523._Marine_Strategy_Fra.pdf

https://s3.amazonaws.com/academia.edu.documents/38236430/Farinas_Franco_et_al._2014_JNCC_Report_523.pdf?AWSAccessKeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=1505928378&Signature=0%2FO0uS7nIfpms5Qddp%2FINXzdfr0%3D&response-content-disposition=inline%3B%20filename%3DJNCC_Report_No._523._Marine_Strategy_Fra.pdf

https://s3.amazonaws.com/academia.edu.documents/38236430/Farinas_Franco_et_al._2014_JNCC_Report_523.pdf?AWSAccessKeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=1505928378&Signature=0%2FO0uS7nIfpms5Qddp%2FINXzdfr0%3D&response-content-disposition=inline%3B%20filename%3DJNCC_Report_No._523._Marine_Strategy_Fra.pdf

https://s3.amazonaws.com/academia.edu.documents/38236430/Farinas_Franco_et_al._2014_JNCC_Report_523.pdf?AWSAccessKeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=1505928378&Signature=0%2FO0uS7nIfpms5Qddp%2FINXzdfr0%3D&response-content-disposition=inline%3B%20filename%3DJNCC_Report_No._523._Marine_Strategy_Fra.pdf





42 
 


 


George, C. and Warwick, R. (1985). Annual macrofaunal production in a hard-bottom reef 


community. Journal of the Marine Biological Association of the United Kingdom, 65: 713-


735. 


Gibb, N., Tillin, H.M., Pearce, B. and Tyler-Walters H. (2014). Assessing the sensitivity of 


Sabellaria spinulosa to pressures associated with marine activities. JNCC Report No. 504. 


 


Graham, C., Campbell, E., Cavill, J., Gillespie, E. and Williams, R. (2001). JNCC. Marine 


Habitats GIS Version 3: its structure and content. British Geological Survey. Commissioned 


Report, CR/01/238. UK: British Geological Survey. 


 


Gray, J. and Elliott M. (2009). Ecology of Marine Sediments: From Science to Management. 


Second Edition, Oxford Biology. 


 


Gubbay, S. (2007). Defining and managing Sabellaria spinulosa reefs: Report of an inter-


agency workshop 1-2 May 2007. JNCC Report No. 405 [online]. Available at: 


http://jncc.defra.gov.uk/pdf/405_web.pdf [Accessed 20 August 2017]. 


 


Hartley Anderson, Ltd. (2001). Survey report of the North Sea Strategic, Environmental 


Survey, leg 2, conducted from S/V Kommandor Jack between 5 May and 21 May 2001 


(SEA2_K_Jack). Hartley Anderson Ltd: Report to the Department of Trade and Industry. 


Aberdeen: Hartley Anderson Ltd. 


 


Hattam, C., Atkins, J.P., Beaumont, N.J., Bӧrger, T., Bӧhnke-Henrichs, A., Burdon, D., de 


Groot, R., Hoefnagel,E., Nunes, P., Piwowarczyk, J., Sastre, S. and Austen, M.C. (2015). 


Marine ecosystem services: Linking indicators to their classification. Ecological Indicators, 


49: 61-75. DOI: http://dx.doi.org/10.1016/j.ecolind.2014.09.026. 


 


Hendrick, V. J. and Foster-Smith, R.L. (2006). Sabellaria spinulosa reef: A scoring system 


for evaluating ‘reefiness’ in the context of the Habitats Directive. Journal of the Marine 


Biology Association of the United Kingdom, 86: 665-677. 


 


Hendrick, V. J. (2007). An appraisal of Sabellaria spinulosa reefs in relation to their 


management and conservation. PhD thesis, School of Marine Science and Technology, 


University of Newcastle Upon Tyne [online]. Available at: 


http://ethos.bl.uk/OrderDetails.do?uin=uk.bl.ethos.485604 [Accessed 20 September 2017]. 


 


Hendrick, V. J., Foster-Smith, R. L. and Davies, A. J. (2011). Biogenic Reefs and the Marine 


Aggregate Industry. Marine ALSF Science Monograph Series (3). MEPF 10/P149.  


 


Hiscock, K., Southward, A., Tittley, I. and Hawkins, S. (2004). Effects of changing 


temperature on benthic marine life in Britain and Ireland. Aquatic Conservation: Marine and 


Freshwater Ecosystems, 14:333-362. 


 


Hiscock, K. (2005). Ross worm Sabellaria spinulosa – Updated notes on status and marine 


natural heritage importance. Marine Life Information Network for Britain and Ireland. Marine 


Biological Association of the United Kingdom. 



http://dx.doi.org/10.1016/j.ecolind.2014.09.026

http://ethos.bl.uk/OrderDetails.do?uin=uk.bl.ethos.485604





43 
 


 


HR Wallingford. (2002). Cefas, UEA, Posford Haskoning and Dr Brian D’Olier. The Southern 


North Sea Sediment Transport Study. Report EX 4526, produced for Great Yarmouth 


Borough Council; http://www.sns2.org/. Accessed on 15 August 2017. 


 


Hughes, T. P., Bellwood, D. R., Folke, C., Steneck, R. S. and Wilson, J. (2005). New 


paradigms for supporting the resilience of marine ecosystems. Trends Ecological Evolution, 


20:380-386. 


 


Jackson, A. and Hiscock, K. (2008). Ross worm (Sabellaria spinulosa). Marine life 


information network: Biology and sensitivity key information sub-programme [online]. Marine 


Biological Association of the United Kingdom. Available at: 


http://www.marlin.ac.uk/species/detail/1133 [Accessed 20 September 2017]. 


 


Jackson, J. (1977). Competition on marine hard substrata: the adaptive significance of 


solitary and colonial strategies. The American Naturalist, 111 (980): 743-767. 


Jenkins, C., Eggleton, J. Albrecht, J., Barry, J., Duncan, G., Golding, N. and O’Connor, J. 


(2015). North Norfolk Sandbank and Saturn Reef cSAC/SCI Management Investigation 


Report No. 7, A4, 86pp, ISSN 2051-6711. 


 


Jessop, R. and Stoutt, J. (2006). Broad scale Sabellaria spinulosa distribution in the central 


Wash (Southern North Sea), as predicted with the acoustic ground discriminating system. 


Report by the Eastern Sea Fisheries Joint Committee for English Nature. pp 26.  


Johns, D. G. and Reid, P.C. (2001). Technical Report Produced for Strategic Environmental 


Assessment – SEA2. An Overview of Plankton Ecology in the North Sea. DTI. 


Joint Nature Conservation Committee (JNCC) (2004a). Common standards monitoring 


guidance for littoral sediment habitats [online]. Available at: 


http://jncc.defra.gov.uk/PDF/CSM_marine_littoral_sediment.pdf [Accessed 20 September 


2017]. 


 


Joint Nature Conservation Committee (JNCC) (2004b). Common standards monitoring 


guidance for littoral rock and inshore sublittoral rock habitats [online]. Available at: 


http://jncc.defra.gov.uk/pdf/CSM_archived200402s_marine_rock.pdf [Accessed 20 


September 2017]. 


 


Joint Nature Conservation Committee (JNCC) (2010). Special Area of Conservation: North 


Norfolk Sandbanks and Saturn Reef SAC selection assessment. Report by JNCC to the 


Defra [online]. Available at: 


http://jncc.defra.gov.uk/pdf/NNSandbanksandSaturnReef_SelectionAssessment_4.0.pdf 


[Accessed 20 September 2017]. 


 


Joint Nature Conservation Committee (JNCC) (2015). The marine habitat classification for 


Britain and Ireland [online]. Available at: 


jncc.defra.gov.uk/MarineHabitatClassification [Accessed 20 August 2017]. 


 



http://jncc.defra.gov.uk/PDF/CSM_marine_littoral_sediment.pdf

http://jncc.defra.gov.uk/pdf/CSM_archived200402s_marine_rock.pdf

http://jncc.defra.gov.uk/pdf/NNSandbanksandSaturnReef_SelectionAssessment_4.0.pdf

http://jncc.defra.gov.uk/MarineHabitatClassification/





44 
 


Joint Nature Conservation Committee (JNCC) (2017). SAC Selection Assessment: Southern 


North Sea. Joint Nature Conservation Committee, UK. Available from:  


http://jncc.defra.gov.uk/page-7243. 


 


Jones, L. (1999). Habitat action plan: Sabellaria spinulosa reefs. English Nature. pp 4. 


 


Jones, L., Hiscock, K. and Connor, D. (2000). Marine habitat reviews: A summary of 


ecological requirements and sensitivity characteristics for the conservation and management 


of marine SAC’s. JNCC’s UK marine SACs project report [online]. Available at: 


http://www.ukmarinesac.org.uk/pdfs/marine-habitats-review.pdf [Accessed 20 September 


2017]. 


 


Jones, E., McConnell, B., Sparling, C. and Matthiopoulos, J. (2013). Grey and Harbour seal 


density maps. Sea Mammal Research Unit to Marine Scotland Report [online]. Available at: 


http://www.scotland.gov.uk/Resource/0041/00416981.pdf [Accessed 20 September 2017]. 


 


Killeen, I. J. and Light, J. M. (2000). Sabellaria, a polychaete host for the gastropods 


Noemiamea dolioliformis and Graphis albida. Journal of the Marine Biological Association of 


the United Kingdom, 80:571-573. 


 


Kirtley, D. W and Caline B. (1992). The Sabellarid reefs in the bay of Mont Saint-Michel, 


France: Ecology, geomorphology, sedimentology and geologic implications. Contributions to 


Marine Science, 1 (1). 


 


Last, K., Hendrick, V., Beveridge, C. and Davis, A. (2011). Measuring the effects of 


suspended articulate matter and smothering on the behaviour, growth and survival of key 


species found in areas associated with aggregate dredging. Report for the Marine Aggregate 


Levy Sustainability Fund, Project MEPF 08/P76. pp 69. 


 


Limpenny, D.S. Foster-Smith. R.L. Edwards, T.M. Hendrick, V.J., Diesling, M., Eggleton, 


J.D. Meadows, W.J., Crutchfield, Z., Pfeifer, S. and Reach, I.S. (2010). Best methods for 


identifying and evaluating Sabellaria spinulosa and cobble reef. Aggregate Levy 


Sustainability Fund Project MAL0008. JNCC, Peterborough, pp 134. 


 


Limpenny, S.E., Barrio Frojan, C., Cotterill, C., Foster-Smith, R.L., Pearce, B., Tizzard, L., 


Limpenny, D.L., Long, D., Walmsley, S., Kirby, S., Baker, K., Meadows, W.J., Rees, J., Hill, 


K., Wilson, C., Leivers, M., Churchley, S., Russell, J., Birchenough, A. C., Green, S.L. and 


Law, R.J. (2011). The East Coast Regional Environmental Characterisation. MALSF. Cefas 


Report No. 08/04. 


 


Little, C. (2000). The biology of soft shores and estuaries, Oxford University Press. 


 


Long, D. (2006). BGS detailed explanation of seabed sediment modified Folk classification 


[online]. Available at: 


http://ec.europa.eu/maritimeaffairs/emodnet/documents/standards/mesh_geology.pdf 


[Accessed 20 August 2017]. 


 



http://jncc.defra.gov.uk/page-7243

http://www.ukmarinesac.org.uk/pdfs/marine-habitats-review.pdf

http://www.scotland.gov.uk/Resource/0041/00416981.pdf

http://ec.europa.eu/maritimeaffairs/emodnet/documents/standards/mesh_geology.pdf





45 
 


Marshall, J. E. J. (1997).  North of Scotland pilot, Third Edition.  Hydrographer of the Navy, 


Taunton. 


 


Mazik, K., Strong, J., Little, S., Bhatia, N., Mander, L., Barnard, S. and Elliott, M. (2015). A 


review of the recovery potential and influencing factors of relevance to the management of 


habitats and species within Marine Protected Areas around Scotland. Scottish Natural 


Heritage Report No. 771 [online]. Available at: 


http://www.snh.org.uk/pdfs/publications/commissioned_reports/771.pdf [Accessed 20 


September 2017]. 


 


McConnell, B.J., Fedak, M. A., Lovell, P. and Hammond, P.S. (1999). Movements and 


foraging areas of grey seals in the North Sea. Journal of Applied Ecology 36:573–90. 


 


Miller, D.M. (2001). Pre-construction Sabellaria vulgaris monitoring at Broadkill Beach sand 


placement site, Sussex County, Delaware. 


 


Mistakidis, M. (1956). Survey of the pink shrimp fishery in Morecambe Bay. Lancashire and 


Western Sea Fisheries Joint Committee. pp 14. 


 


Norling, K., Rosenburg, R., Hulth, S., Gremare, A and Bonsdorff, E. (2007). Importance of 


functional biodiversity and specific-specific traits of benthic fauna for ecosystem functions in 


marine sediment. Marine Ecology Progress Series, 332:11-23. 


 


OSPAR Commission (2009). Agreement on Coordinated Environmental Monitoring OSPAR 


Commission (2010). Quality Status Report 2010. London. 


 


OSPAR Commission (2010). Quality Status Report. OSPAR Commission. London. 176 


pages. Available at: 


http://qsr2010.ospar.org/en/media/chapter_pdf/QSR_complete_EN.pdf 


 


OSPAR Commission (2012). Coordinated Environmental Monitoring Programme (CEMP) 


2011 assessment report. 


 


OSPAR Commission (2013). Background document on Sabellaria spinulosa reefs. 25pp. 


Parry, M., Flavell, B., And Davies, J. (2015). The extent of Annex I sandbanks in North 


Norfolk Sandbanks and Saturn Reef CSAC/SCI. Available at: http://jncc.defra.gov.uk/page-


6537. 


 


Parry, M., Flavell, B., And Davies, J. (2015). The extent of Annex I sandbanks in North 
Norfolk Sandbanks and Saturn Reef CSAC/SCI. Available at: http://jncc.defra.gov.uk/page-
6537. 
 


Pearce, B. Taylor, J. and Seiderer, L. J. (2007). Recoverability of Sabellaria spinulosa 


following aggregate extraction, Aggregate Levy Sustainability Fund MAL0027, Marine 


Ecological Surveys, ISBN 978-0-9506920-1-2. 


 


Pearce, B., Hill, J., Wilson, C., Griffin, R., Earnshaw, S. and Pitts, J. (2011). Sabellaria 


spinulosa reef ecology and ecosystem services [online]. Available at: 



http://www.snh.org.uk/pdfs/publications/commissioned_reports/771.pdf

http://qsr2010.ospar.org/en/media/chapter_pdf/QSR_complete_EN.pdf

http://jncc.defra.gov.uk/page-6537

http://jncc.defra.gov.uk/page-6537

http://jncc.defra.gov.uk/page-6537

http://jncc.defra.gov.uk/page-6537





46 
 


https://www.thecrownestate.co.uk/media/5692/sabellaria-spinulosa-reef-ecology-and-


ecosystem-services.pdf [Accessed 20 August 2017]. 


 


Porras, R., Bataller, J., Murgui, E. and Torregrosa, M. (1995). Reef building worms in Iberian 


Mediterranean coasts. Proceedings of the 2nd International Conference on the 


Mediterranean Coastal Environment, Medcoast Tarragona, Spain, 95. 


 


Roberts, G., Edwards, N., Neachtain, A., Richardson, H. and Watt, C. (2016). Core reef 


approach to Sabellaria spinulosa reef management. In: The Wash and North Norfolk Coast 


SAC and The Wash approaches. Natural England Report No. 065. 


 


Sanay, R., G. Voulgaris, and J. C. Warner. (2007). Tidal asymmetry and residual circulation 


over linear sandbanks and their implication on sediment transport: A process-oriented 


numerical study, Journal of Geophysical Research, 112: C12015, 


doi:10.1029/2007JC004101. 


 


Savage, A., Drew, S., Chapman, A., Watson, H., Pomfret., Sotheran, I. and Forster-Smith, B. 


(2008). SAC selection assessment: Outer Wash Sandbanks. Contract by Entec UK FST20-


18-030. 


 


Scott, B.E., Sharples, J., Ross, O.N., Wang, J., Pierce, G.J. and Camphuysen, C.J. (2010). 


Sub-surface hotspots in shallow seas: fine-scale limited locations of top predator foraging 


habitat indicated by tidal mixing and sub-surface chlorophyll. Marine Ecology Progress 


Series, 408: 207-26. 


 


Scottish Natural Heritage and the Joint Nature Conservation Committee. (2012). Advice to 


the Scottish Government on the selection of Nature Conservation Marine Protected Areas 


(MPAs) for the development of the Scottish MPA network. Scottish Natural Heritage 


Commissioned Report No. 547. Available from Marine Scotland Science. (2012b). 


http://www.scotland.gov.uk/Resource/0038/00389460.doc 


 


Stride, A.H. (1988). Indications of long term episodic suspension transport of sand across 


the Norfolk banks, North Sea. Marine Geology, 79:55-64. 


 


Thaxter, C. B., Lascelles, B., Sugar, K., Cook, A. S. C. P., Roos, S., Bolton, M., R. H. W. 


Langston, and Burton, N. H.  K. (2012). Seabird foraging ranges as a preliminary tool for 


identifying candidate Marine Protected Areas. Biological Conservation 156:53-61. 


 


Tillin, H.M. and Marshall, C.M. (2015). Sabellaria spinulosa on stable circalittoral mixed 


sediment. In Tyler-Walters H. and Hiscock K. (eds) Marine Life Information Network: Biology 


and sensitivity key information reviews [online]. Available at: 


http://www.marlin.ac.uk/habitat/detail/377 [Accessed: 27 September 2017]. 


 


UKOOA. (2001). Marine benthic dataset (version 1) commissioned by UKOOA. Joint Nature 


Conservation Committee. Occurrence Dataset https://doi.org/10.15468/tqmrtv. Accessed via 


GBIF.org on 2017-08-09. 


 



https://www.thecrownestate.co.uk/media/5692/sabellaria-spinulosa-reef-ecology-and-ecosystem-services.pdf

https://www.thecrownestate.co.uk/media/5692/sabellaria-spinulosa-reef-ecology-and-ecosystem-services.pdf

http://www.scotland.gov.uk/Resource/0038/00389460.doc

http://www.marlin.ac.uk/habitat/detail/377

https://doi.org/10.15468/tqmrtv





47 
 


UKTAG. (2008). UK Technical Advisory Group on the Water Framework Directive. Proposals 


for environmental quality standards for Annex VIII Substances. 


 


Vanstaen, K. and Whomersley, P. (2015). North Norfolk Sandbanks and Saturn Reef SCI: 


CEND 22/13 and 23/13, Cruise Report No. 6, A4, 171pp, ISSN 2051-6711. 


 


Venn, J. F. and D’Olier, B. (1983). Preliminary observations for a model of sand bank 


dynamics. In: J. Sundermann and W. Lenz (Editors), North Sea Dynamics. Springer, Berlin, 


pp. 472-485. 


 


Vorberg, R. (2000). Effects of shrimp fisheries on reefs of Sabellaria spinulosa (Polychaeta). 


Journal of Marine Science, 57:1416-1420. 


 


Wakefield, E. D., Owen, E., Baer, J., Carroll, M. J., Daunt, F., Dodd, S. G., Green, J. A., 


Guilford, T., Mavor, R. A., Miller, P. I., Newell, M. A., Newton, S. F., Robertson, G. S., Shoji, 


A., Soanes, L. M., Votier, S. C., Wanless, S., and Bolton, M. (2017). Breeding density, fine‐


scale tracking and large‐scale modelling reveal the regional distribution of four seabird 


species. Ecological Applications. Accepted manuscript online: 27 June 2017. Accessed via 


http://esajournals.onlinelibrary.wiley.com/hub/. 


 


Zale, A. V. and Merrifield, S. G. (1989). Species profiles: Life histories and environmental 


requirements of coastal fishes and invertebrates. South Florida, Ladyfish and Tarpon. 


Oklahoma cooperative fish and wildlife research unit, Stillwater. 



http://esajournals.onlinelibrary.wiley.com/hub/





48 
 


Annex A. Map of North Norfolk Sandbanks and Saturn Reef SAC showing high confidence 


and potential reef extent and distribution. 
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Annex B. Map extract of North Norfolk Sandbanks and Saturn Reef SAC showing high 


confidence and potential reef extent and distribution. 
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1. Kittiwake hotspots 


 The following figures use the data presented in Cleasby et al. (2018) which is available from the 


Open Data Portal on the Royal Society for the Protection of Birds’ website and also was submitted 


by Applicant at Deadline 1 (REP1-144). These data have been reproduced alongside the location 


of Hornsea Three to show the overlap between kittiwake hotspots around the UK coast and the 


Hornsea Three array area. As stated by the Applicant at the Issue Specific Hearing for Hornsea 


Three, there is no overlap between these hotspots and the Hornsea Three array area. 
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Figure 1.1 Kittiwake hotspots around the UK from Cleasby et al. (2018) using Getis-Ord hotspot analysis with a 
neighbourhood size of d = 10 km based on FPT analysis 
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Figure 1.2 Kittiwake hotspots around the UK from Cleasby et al. (2018) using maximum curvature 
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1. Acronyms 


Acronyms Description 


AEO All Engines Operative 


ARA Airborne Radar Approach 


CAT Commercial Air Transport 


EASA European Aviation Safety Agency  


FAF Final Approach Fix 


IMC Instrument Meteorological Conditions 


MAP Missed Approach Point 


OEI One Engine Inoperative 


SAR Search and Rescue 


VFR Visual Flight Rules  


VMC Visual Meteorological conditions 
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2. List of Agreed Aviation Assumptions 


  


 The Applicant and Spirit Energy met on the December 17th 2018 to progress discussion on Spirit 


Energy’s concerns in regard to helicopter operations. An action from the meeting was to produce a 


table of the assumptions that have been used by both parties to underpin the aviation assessments. 


The purpose of this exercise is to ensures that the assumptions that have been used are based on 


the same regulations, or in the event there are differences, the same criteria has been applied. It 


also enables common ground to be found in the assessments outlines the table with agreed aviation 


assumptions. 


 


 This table, in draft form as completed by the Applicant, awaits input from Spirit Energy 


 


  AGREEMENT 


Item 
no. 


Statement Hornsea Three Spirit Energy 


Shuttle flights 


1 


In Class G airspace when flying between offshore 
locations where the overwater sector is less than 
10nm, VFR flight may be conducted when the limits 
are at, or better than, the following:  
2 pilots: 
Day 300 ft cloudbase 2 km visibility; 
Night 500 ft cloudbase 5 km visibility.  
(EASA SPA.HOFO.130).  
Operators might chose to impose higher limits but 
SPA HOFO.130 is the legal minimum. 
As the distance between J6A platform and Chiswick 
platform is 9.9 nm these limits would apply.  


Agreed  
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 January 2019 
 


 2  


  AGREEMENT 


2 


It is agreed that ARA can be flown to one platform and 
then proceed in VMC to another as per the AMC 1 
SPA.HOFO.125 
GENERAL 
(a) Before commencing the final approach, the pilot-
in-command/commander should ensure that a clear 
path exists on the radar screen for the final and 
missed approach segments. If lateral clearance from 
any obstacle will be less than 1 nm, the pilot-in-
command/commander should: 
(1) approach to a nearby target structure and 
thereafter proceed visually to the destination 
structure;  


 


Agreed  


ARA requirements 


3 


 


It is agreed that an ARA can be flown in a flexible 
manner with an Intermediate Fix at 6nm, Final 
Approach Fix at 4 nm (EASA GM1 SPA.HOFO.125 
(a) General).  


Agreed  


4 


It is agreed that only the final section of an ARA from 
the Final Approach Fix  (FAF) needs be flown 
substantially into wind.  
The FAF is at a distance of 4 NM (EASA GM1 
SPA.HOFO.125 (a)(3) ). 


Agreed  


5 


It is agreed that the final approach path (from the 
FAF) can be flown out of wind where the drift angle 
does not cause increased workload. ((EASA GM1 
SPA.HOFO.125 (a)(3) ). 


Agreed  


En route descent 


6 


It is agreed that an “En-route Descent” approach – IMC 
to level by 500 ft is acceptable. This requires a 
cloudbase of 600 ft and visibility of 4km by day. 
CAT.OP.MPA.247 


Agreed  


7 


 
It is accepted than an en-route  descent is often a safer 
option than "standard" ARA when the weather permits 
as it allows more flexibility during the approach.  


Agreed  


Evacuation procedures 
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  AGREEMENT 


8 


Evacuation procedures:  in the event of a hydrocarbon 
release or fire on the NUI, vessels, not helicopters, 
would be required to evacuate any personnel.  
SAR helicopters would not be limited by CAT weather 
limits due to SAR autopilot modes and more flexible 
limits/regulations. 


Agreed  


MAP and OEI 


9 


It is permitted under AMC 1 SPA.HOFO.125 (e ) that 
pilots haven the option to move MAP from 0.75 to 1 or 
1.5 nm to provide more room to fly a Missed Approach.  
 
AMC 1 SPA.HOFO.125 (e )states that the decision 
range (MAP) should not be less than 0.75, i.e. more is 
permitted  


Agreed  


10 
It is agreed that a Missed Approach can be flown with 
a turn left or right turn. The MAP and any offset beyond 
1.5nm will take account of the obstacle environment.  


Agreed  


11 


The MAP distance can be increased and/or a 
secondary turn can be made after the initial go-around 
when safely established in the climb, so 5 nm beyond 
the platform is not required (or standard) to do a Missed 
Approach; 


Agreed  


12 


It is agreed that OEI can be flown along same route as 
an AEO go-around. The position of the MAP and go-
around will take account of aircraft performance and 
the obstacle environment. 


Agreed  


13 
It is agreed that flights turn 10 degrees at 1.5 nm and 
then 30 degrees at MAP point (Fig 1 to GM1 
SPA.HOFO.125). 


Agreed  


14 
It is agreed that a second turn can be made once 
established in the climb and check list complete.   


Agreed  


Take off 
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  AGREEMENT 


15 


It is agreed that the initial take-off will be into wind but 
account will be taken of the proximity of the turbines. 
It is understood that take of will be in VMC (>300ft cloud 
base and >2 km visibility EASA SPA.HOFO.130)  
It is understood that in the unlikely event of engine 
failure at take off (<5 x 10-8) then a stabilised turn away 
from the turbines can be made.  AMC 
1CAT.POL.H.305(b)  Engine Reliability Statistics 
(b). Note that the AW139 used by Spirit Energy has a 
much lower failure rate and so the overall probability 
will be lower.  


Agreed  


 


 


3. References 


All citation's are sourced from EASA Commission Regulation (EU) No 965/2012 on air operations 


and related EASA Decisions  (AMC, GM and CS-FTL.1) Consolidated version downloaded 2 


January 2019 from [https://www.easa.europa.eu/sites/default/files/dfu/Air%20OPS%20965-


2012_Rev.11_July%202018.pdf]. 
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Introduction  

What the conservation advice package includes 

 
 

The most up-to-date conservation advice for this site can be downloaded from the 

conservation advice tab in the Site Information Centre (SIC) on JNCC’s website. 

 

The advice presented here describes the ecological characteristics or ‘attributes’ of the site’s 

qualifying features: Annex I Sandbanks slightly covered by seawater all the time and Annex I 

Reefs, specified in the site’s conservation objectives. These attributes include extent and 

distribution, structure and function and supporting processes. 

 

Figure 1 below illustrates the concept of how a feature’s attributes are interlinked, with 

impacts on one, potentially having knock-on effects on another e.g. the impairment of any of 

the supporting processes on which a feature relies can result in changes to its extent and 

distribution, and structure and function.  

 

Collectively, the attributes set out in Tables 1 and 2 below, along with the objectives set for 

each of them, describe the desired ecological condition (favourable) for the site’s features. 

The condition of each feature contributes to its favourable conservation status more widely, 

as well as the site’s integrity. All attributes listed in Tables 1 and 2 must be taken into 

consideration when assessing impacts from an activity. 

 

The information provided in this document sets out JNCC’s supplementary advice on the 

conservation objectives set for this site. This forms part of JNCC’s formal conservation 

advice package for the site and must be read in conjunction with all parts of the package as 

listed below:  

• Background document explaining where to find the advice package, JNCC’s role in 

the provision of conservation advice, how the advice has been prepared, when to 

refer to it and how to apply it; 

• Conservation Objectives setting out the broad ecological aims for the site; 

• Statements on: 

o the site’s qualifying features condition; 

o conservation benefits that the site can provide; and  

o conservation measures needed to support achievement of the conservation 

objectives set for the site.  

• Supplementary Advice on Conservation Objectives (SACO) providing more detailed 

and site-specific information on the conservation objectives (this document); 

• Advice on Operations providing information on those human activities that, if taking 

place within or near the site, can impact it and present a risk to the achievement of 

the conservation objectives. 

http://jncc.defra.gov.uk/page-6537
http://jncc.defra.gov.uk/pdf/NNSSR_Background_v1_0.pdf
http://jncc.defra.gov.uk/pdf/NNSSR_Conservation_Objectives_v1_0.pdf
http://jncc.defra.gov.uk/pdf/NNSSR_Statements_v1_0.pdf
http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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Figure 1. Conceptual diagram showing how feature attributes are interlinked, describe 

favourable condition and contribute to site integrity and wider favourable conservation status. 

 

In Tables 1 and 2 below, the attributes description for Annex I Sandbanks slightly covered by 

seawater all the time and Annex I Reefs are provided in the explanatory notes.  An objective 

of restore or maintain is set for each feature attribute. The objective reflects our current 

understanding of a feature’s condition e.g. where evidence indicates some of a feature’s 

extent is lost and needs to be restored or that extent is not lost and needs to be maintained 

in order to ensure the feature is in overall favourable condition. The rationale for setting an 

objective is also provided in the explanatory notes, along with reference to supporting 

evidence from the site. Note that where it is not practical through human intervention to 

restore a feature’s attribute, a maintain objective is set, accompanied by a statement to 

reflect the impracticality of restoration. 

 

Note also that when a maintain objective is set, this does not preclude the need for 

management, now or in the future. Please see the conservation measures for further detail 

regarding managing activities.



5 
 

Table 1. Supplementary advice on conservation objectives (SACO): Annex I Sandbanks slightly covered by seawater all 

the time. 

 

Attribute: Extent and distribution 

Objective: Restore  

JNCC understands that the site has been subjected to activities that have resulted in a change to the extent and distribution of the feature 

within the site. Installation and/or removal of infrastructure may have a continuing effect on extent and distribution. As such, JNCC advise a 

restore objective which is based on expert judgment; specifically, our understanding of the feature’s sensitivity to pressures which can be 

exerted by ongoing activities i.e. oil and gas sector activities and cabling. Our confidence in this objective would be improved with longer-

term monitoring and access to better information on the activities taking place within the site. Activities must look to minimise, as far as is 

practicable, changes in substratum and the biological assemblages within the site to minimise further impact on feature extent and 

distribution.  

 

Explanatory notes 

Extent refers to the total area in the site occupied by the qualifying feature and must include consideration of its distribution i.e. how it is 

spread out within the site. A reduction in extent has the potential to alter the biological and physical functioning of sedimentary habitat types 

(Elliott et al.,1998). The distribution of a habitat influences the component communities present, and can contribute to the health and 

resilience of the feature (JNCC, 2004a). The extent within the site must be conserved to the full known distribution. 

 

Annex I sandbanks are defined and delineated (Duncan, 2016) by: 

• large-scale topography which is elevated, elongated, rounded or irregular, permanently submerged and predominantly surrounded 

by deeper water (EC, 2013); 

• sediment composition that is mainly sandy sediments (sand is defined as sediment particles between 2 and 0.0625 mm in diameter 

and sandy sediment must be composed of less than 30 % gravel and have more sand than mud). Other sediment types including 

boulders, cobbles or mud may also be present on a sandbank; and  

• biological assemblages. See JNCC’s Marine Habitat Correlation Table for more detail about the range of biological communities 

(biotopes) that occur on Annex 1 sandbanks.  

 

http://ec.europa.eu/environment/nature/legislation/habitatsdirective/docs/Int_Manual_EU28.pdf
http://jncc.defra.gov.uk/page-3058
http://jncc.defra.gov.uk/page-5931
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Loss of large scale topography would constitute loss of the sandbank feature extent. Loss of characterising sandbank biological 

assemblages or sandbank sediments from an area of the feature would constitute loss of sandbank habitat and a reduction in overall feature 

extent. 

 

In the UK offshore area, there are two different types of sandbank: 

1. Sandy mound sandbanks: created by glacial processes which have long since stopped acting on the feature. While surface sediments 

may be mobilised, the extent and distribution of the sandbanks as a whole remain broadly unaffected by ongoing hydrodynamic 

processes. It is important to note that we would not expect large scale topography or the underlying immobile substrates to recover, 

should they be physically impacted. The sandbank communities, however, are capable of recovering from impacts but this will be 

dependent on prevailing environmental conditions, the influence of human activities i.e. the scale of any current impacts, species life 

history traits, environmental connectivity between populations and habitat suitability (Mazik et al., 2015);  

2. Open shelf ridge sandbanks: can be relatively mobile with their extent and distribution being actively influenced by ongoing 

hydrodynamic processes and subsequently changing naturally over time. Recovery from physical impacts for these types of sandbanks 

is possible but again dependent on the range of factors mentioned in 1 above.  

                                         ----------------------------------------------------------------------------------------------------------- 

Extent and distribution within the site 

The site map in Annex A shows the extent and distribution of the sandbank feature within North Norfolk Sandbanks and Saturn Reef SAC. 

The site is a representative example of the Annex I feature Sandbanks which are slightly covered by sea water all the time, and is considered 

to represent the most extensive system of open shelf ridge sandbanks in the UK (Graham et al., 2001). JNCC consider the entire site to 

represent an integrated sandbank system, with feature extent occupying the entirety of the site. The physical delineation of the sandbank 

contained within this site is supported by the original Site Assessment Document (JNCC, 2010) and has been further validated by recent 

biological community analysis (Parry et al., 2015). The total sandbank area is 3,603 km2. 

 

The innermost sandbanks in the site, known collectively as ‘the inner banks’, are examples of sandbanks developed in stronger tidal 

currents. The outer banks, further offshore, are known as the ‘Indefatigables’ and are the best example of open sea, tidal sandbanks in a 

moderate current strength in UK waters. The sandbanks have a north-west to south-east orientation and are thought to be progressively, 

though very slowly, elongating in a north-easterly direction (JNCC, 2010).  

 

http://jncc.defra.gov.uk/PDF/NNSandbanksAndSaturnReef_SACSAD_5.0.pdf
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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.  

A considerable number of predominantly gas extraction activities take place within the site, much of this now involved in decommissioning of 

the associated infrastructure. Of particular note are activities associated with the deposition of material (rock dump) or other alteration of 

surface sediment (e.g. drill cuttings and cabling operations) that may lead to a persistent change in substrate which is not suitable habitat for 

characterising sandbank communities. Aggregates dredging is occurring within the site but JNCC understand that this activity operates in 

such a way as to ensure that the distribution of surface sediments is not changed and so the feature’s extent would remain unimpacted.  

  

A restore objective is advised for extent and distribution of the sandbank feature. This objective is based on expert judgment; specifically, 

our understanding of the feature’s sensitivity to pressures which can be exerted by ongoing activities i.e. those associated with the oil and 

gas industry and cabling. Our confidence in this objective would be improved with longer-term monitoring and access to better information on 

the activities taking place within the site. Activities must look to minimise, as far as is practicable, changes in substratum and the biological 

assemblages within the site to minimise further impact on feature extent and distribution. Further information on the impacts associated with 

human activities on Annex I Sandbanks slightly covered by seawater all the time can be found in the Advice on Operations workbook for the 

site. 

 

Attribute: Structure and function 

Objective: Restore  

JNCC understands that the site has been subjected to activities that have resulted in a change to the structure and function of the feature 

within the site. Installation and/or removal of infrastructure may have a continuing effect on structure and function, specifically the finer scale 

topography, sediment composition and distribution of characteristic communities. As such, JNCC advise a restore objective which is based 

on expert judgment; specifically, our understanding of the feature’s sensitivity to pressures which can be exerted by ongoing activities i.e. 

demersal fishing, oil and gas sector activities and cabling. Our confidence in this objective would be improved with longer-term monitoring, 

access to better information on the activities taking place within the site and a better understanding of the species which can play key and 

influential roles in determining the feature’s function and health. Activities must look to minimise, as far as is practicable, disturbance and 

changes to the sediment composition, finer scale topography and biological communities within the site. 

 

 

 

http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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Explanatory notes 

Structure 

Structure encompasses both the physical structure of a habitat type together with the biological structure. Physical structure refers to finer 

scale topography and sediment composition and distribution Physical structure can have a strong influence on the hydrodynamic 

regime at varying spatial scales in the marine environment, as well as the presence and distribution of biological communities (Elliot et al., 

1998). This is particularly true of features like sandbanks which are large-scale topographic features. The biological structure refers to the 

key and influential species and characteristic communities present. Biological communities are important in not only characterising the 

sandbank feature but supporting the health of the feature i.e. its conservation status and the provision of ecosystem services by performing 

functional roles.  

 

Physical structure: finer scale topography  

Sandbank topography can be characterised by finer scale bedforms such as sand waves, mega-ripples and mounds which are driven by 

hydrodynamic processes. These bedforms can support different sediment types and associated communities (Elliott et al., 1998; Barros et 

al., 2004; Limpenny et al., 2011). Where finer bedforms are known to be naturally present on a sandbank feature they should be conserved. 

 

                                         ----------------------------------------------------------------------------------------------------------- 

 

Physical structure: finer scale topography of the feature within the site 

The sandbanks in this site are subject to a wide range of water current strengths which influences their fine-scale topography. Within the site, 

currents are strongest on the banks closest to shore and reduce gradually in strength with increasing distance offshore (Collins et al., 1995). 

The inner banks appear to be more pronounced, exhibiting taller crests and deeper troughs, than the outer banks. Sandbanks within the site 

are asymmetric in profile with their steeper slope (up to 7°) facing away from the coast and towards the northeast.  

 

Sandwaves are present, being best developed on the inner banks indicating the sediment surface is regularly mobilised by tidal currents, 

while the outer banks have small or no sandwaves associated with them (Collins et al.,1995). Mega-ripples have been recorded in the site 

with height and wavelength scales of the order of 1 metre (Sanay et al., 2007) but can reach up to 40 m in some places (Fugro, 2013a). 

Other surveyed areas show megaripples with average amplitudes of 0.3 m and an average wavelength of 13 m (Fugro, 2013b; 2013c).  

Historical differences in bank elevation have been observed within the inner banks, with reduced elevation at the southern edges and 

deposition at the northerly edges, which suggests these banks are moving in a north easterly direction (Cooper et al., 2008; Jenkins et al., 
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2015). Furthermore, there are indications of sand transportation in an offshore direction between the banks, which is thought to be the 

process by which the sandbank structures (crests, flanks and troughs) are maintained.  

 

There are activities occurring within the site which are capable of impacting the feature’s finer scale topography. Evidence indicates that 

given the prevailing higher energy hydrodynamic regime within the site, the presence of widespread infrastructure and the introduction of 

material over the feature can result in scour pits affecting finer scale topography for quite some distance from source. These scour pits may 

persist or become periodically covered as the sandbanks system naturally progresses. Demersal fishing and aggregate dredging may also 

impact finer scale topography although the impacts are anticipated to be relatively short-lived and are therefore not considered further under 

this attribute  

 

Overall, JNCC consider finer-scale topography of the feature may be impacted by the activities occurring within the site and therefore need 

to be restored. This objective is based on expert judgment; specifically, our understanding of the feature’s sensitivity to pressures which can 

be exerted by ongoing activities i.e. cabling and oil and gas industry. Our confidence in this objective would be improved with longer-term 

monitoring, access to better information on the activities taking place within the site and a better understanding of the significance of the key 

and influential roles which species can play in supporting the feature’s function and health. Activities must look to minimise, as far as is 

practicable, disturbance and changes to the sediment composition, finer scale topography and biological communities within the site. Further 

information on the impacts associated with human activities on Annex I Sandbanks slightly covered by seawater all the time can be found in 

the Advice on Operations workbook for the site. 

 

                                  ----------------------------------------------------------------------------------------------------------- 

 

Physical structure: sediment composition and distribution  

Sediment composition of sandbanks is highly dependent on the level of energy experienced by the environment. It can be varied but in the 

offshore tends to be limited to primarily circalittoral sand but also circalittoral coarse sediments and to a lesser extent, circalittoral mixed 

sediments where finer sediment fractions (mud, silt/clay) are present. Coarser sediments tend to be located in higher energy environments 

that are subject to strong prevailing currents. Conversely, finer sediment types are typically associated with lower energy environments. 

Storm conditions however can mobilise all sediment types including coarser fractions. Furthermore, it is important to note that the 

composition and spatial distribution of sediments can change naturally over time.  

 

http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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Many functional ecological groups have specific niche sedimentary requirements; some species occur on all types of sediment, but most are 

restricted to a type and therefore limited in their distribution. Particle composition (including grain size and type) is a key driver influencing 

biological community composition (Cooper et al., 2011; Coates et al., 2015; 2016; Coblentz et al., 2015) and the distribution and extent of 

these communities (JNCC, 2004a). The natural range of sedimentary habitats known to be present within a sandbank along with their 

composition and distribution, should be conserved. 

 

                                         ----------------------------------------------------------------------------------------------------------- 

 

Physical structure: sediment composition and distribution of the feature within the site 

Recent evidence from survey confirms that the feature is comprised predominantly of circalittoral sand with areas of circalittoral mixed 

sediments and coarse sediments. Circalittoral mixed sediments and coarse sediments are found mainly in flanks and troughs and in places 

coincident with records of Sabellaria spinulosa reef (Parry et al., 2015). For further details on S. spinulosa reef please see Table 2.  

 

Differences were observed between the sediment composition on the crests in comparison with the troughs during survey work. The sand 

fraction dominates the particle size composition of samples located on ‘crests’ consistently comprising >80% sand, whilst stations in the 

troughs were more heterogeneous showing a slightly wider range of sediment grades, but still typically contained 70-80% sand (Parry et al., 

2015). Particle size distributions, grouped according to position on bank (i.e. crest, flank and trough), showed greatest variability within the 

troughs of the sandbanks in comparison with crests and flanks (Jenkins et al., 2015).  The differences between particle size distribution found 

on the inner and outer banks were significant from a statistical point of view, but the differences found were relatively small. Sand grain sizes 

reported for the inner banks within the site ranged from 280mm (crests) to 429mm (troughs), and 275mm (crests) to 477mm (troughs) for the 

outer banks (Jenkins et al., 2015).   

 

Some of the activities occurring at the site such as aggregate extraction, cabling and activities associated with the oil and gas industry e.g. 

decommissioning, are capable of changing the substratum in the site. Of particular note are activities associated with the deposition of 

material e.g. rock dump. As previously mentioned, aggregates dredging is occurring within the site but we understand that this activity 

operates in such a way as to ensure that the distribution of surface sediments is not changed and so the feature’s sediment composition and 

distribution would remain unimpacted.  

 

A restore objective is advised for the sediment composition and distribution within the site based on expert judgment; specifically, our 

understanding of the feature’s sensitivity to pressures which can be exerted by ongoing activities, i.e. cabling and oil and gas sector activity. 
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Our confidence in this objective would be improved with longer-term monitoring and access to better information on the activities taking place 

within the site. Further information on the impacts associated with human activities on the sandbank feature can be found in the Advice on 

Operations workbook for the site.        

                                         ----------------------------------------------------------------------------------------------------------- 

 

Biological structure: key and influential species  

Key species form a part of the habitat structure or help to define a biotope. Influential species are those that have a core role in the structure 

and function of the habitat. For example, species that are bioturbators which are benthic organisms that forage and burrow bottom tunnels, 

holes and pits in the seabed, help to cycle nutrients and oxygen between seawater and the seabed supporting organisms that live within and 

above the sediment. Grazers, surface borers, predators or other species with a significant functional role linked to the habitat can also be 

influential species. Changes to the spatial distribution of communities across the feature could indicate changes to the overall feature (JNCC, 

2004a).  It is therefore important to conserve the key natural structural and influential species of the sandbank within the site to avoid 

diminishing biodiversity and ecosystem functioning within the habitat and to support its health (Hughes et al., 2005).  

 

                                         ---------------------------------------------------------------------------------------------------------- 

 

Biological structure: key and influential species of the feature within the site 

S. spinulosa is a key and influential species in this site due to its ability to create biogenic reefs and in doing so, influence the finer scale 

topography and increase the species diversity associated with the wider sandbank feature in the site. S. spinulosa biogenic reef is another 

qualifying feature of this site. Further information is available in Table 2.  

 

Burrowing species such the bivalves Artica islandica, Abra alba, Fabulina fabula, Tellina fabula, echinoderms such as Echinocardium 

cordatum, and polychaetes such as Ophelia borealis, Spiophanes bombyx, Scoloplos armiger) are present within the site. Predatory species 

such as Nephtys cirrosa, Sthenelais limicola, Nephtys hombergii, Aglaophamus rubella, Glycera fallax, Anaitides spp. and Sigalion mathildae 

and Pennant’s swimming crab (Portumnus latipes) and the common necklace shell Euspira nitida, are also all present in the site (Ellis et al., 

2010; Jenkins et al., 2015). Higher numbers of predatory species have been observed in the troughs of sandbanks compared to the crests 

and flanks (Ellis et al., 2010). 

 

http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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As mentioned, the bivalve ocean quahog (Arctica islandica), a notable species and listed OSPAR threatened or declining species, is present 

in the site (UKOOA, 2001). Records of the species are mostly from the troughs, however very little is currently known about the wider 

abundance, population structure and distribution of the species within the site.  

 

There is insufficient information available to support an understanding of the significance of the role which these species play in maintaining 

the structure and function of the sandbanks within the site. Therefore, it is not possible to set an objective for this sub-attribute and it is not 

considered further in our advice. 

 

                                                ---------------------------------------------------------------------------------------------------------- 

 

Biological structure: characteristic communities  

The variety of communities present make up the habitat and reflect the habitat’s overall character and conservation interest. Characteristic 

communities include, but are not limited to, representative communities, for example, those covering large areas, and notable communities, 

for example, those that are nationally or locally rare or scarce such as those listed as OSPAR threatened or declining, or known to be 

particularly sensitive.  

 

The biological communities typical of sandbanks will vary greatly depending on location, sediment type and depth, as well as fine-scale 

physical, chemical and biological processes.  Communities found on sandbank crests are predominantly those typical of mobile sediment 

environments and tend to have relatively low diversity. Fauna such as polychaetes (worms) and amphipods (shrimp-like crustaceans) thrive 

in this environment as they are able to rapidly bury themselves. Animals like hermit crabs, flatfish and starfish also live on the surface of the 

sandbanks. Deeper areas more sheltered from prevailing currents or wave action can have reduced sediment movement. Such areas tend to 

have a higher diversity of burrowing species and often can support an abundance of attached bryozoans, hydroids and sea anemones, 

particularly on stones and dead shells.   

 

Changes to the spatial distribution of communities across the feature could indicate changes to the overall feature (JNCC, 2004a).  It is 

therefore important to conserve the natural spatial distribution, composition, diversity and abundance of the main characterising biological 

communities of the sandbank within the site to avoid diminishing biodiversity and ecosystem functioning within the habitat and to support its 

health (Hughes et al., 2005).  

 

                                      ---------------------------------------------------------------------------------------------------------- 
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Biological structure: characteristic communities of the feature within the site 

There is considerable overlap in species composition of the biological communities present on sandbank crests, flanks and troughs in the 

site, with sediment type found to have the greatest influence on the composition of biological communities present rather than topography i.e. 

flank, crest and trough (Parry et al., 2015).  

 

Benthic communities within the site are characterised by the presence of polychaetes of the genus Ophelia borealis and ribbon worms. The 

dominant sandy biotope, A5.233 - Nephtys cirrosa and Bathyporeia spp. in infralittoral sand, tends to occur in shallower water areas but 

found consistently on crests, flanks and troughs within the site. The coarse and mixed sediment biotopes tend to occur in troughs, but also 

sometimes on sandbank flanks. Coarse and mixed sediment biotopes in the troughs have many of the same species as the sand sediment 

habitat, however in higher abundances. Coarse sediment areas have some of the same characterising species as mixed sediment e.g., 

polychaetes such as the bristleworm Mediomastus fragilis, the ross worm S. spinulosa, the T headed worm Scalibregma inflatum and other 

polychaetes of the species Notomastus sp., but in lower abundances. Mixed sediment within the site hosts some different characterising 

polychaete species e.g. Anobothrus gracilis and Ampharete lindstroemi, and a much higher average abundance of more diverse taxa than 

other substrate types (Parry et al., 2015). 

 

Epifauna occur on areas of sand where a small number of pebbles and cobbles are present, as well as on coarser sediment and areas 

where S. spinulosa reef are present. See Table 2 for more detail on epifauna specifically associated with S. spinulosa reef. Species such as 

the soft coral Alcyonium digitatum, bryozoans including Alcyonidium diaphanum and Flustra foliacea, the hydroid Nemertesia antennina, the 

anemone Urticina felina and the seastar Asterias rubens were found throughout the site associated with mixed and coarser sediments.  

Sandeels (Ammodytes sp.) are known to spawn in this region of the southern North Sea between November and February (Coull et al., 

1998) and some individuals were recorded at a number of locations within the site during the 2013 survey (Jenkins et al., 2015).   

 

Evidence shows that numbers of taxa, abundance and species diversity generally increases with increasing depth in both nearshore and 

offshore banks (Jenkins et al., 2015).  Samples taken from the inner bank crests contained fewer taxa, but similar abundances compared to 

the outer banks. Samples representing the troughs of the inner banks showed greatest variability in the number of taxa, abundance and 

diversity. 
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Demersal fishing and to a much lesser extent aggregate extraction occurring within the site can impact characteristic communities of the 

feature through pressures such as abrasion and the removal of non-target species. In addition, the activities which are considered to be 

impacting sandbank sediment composition i.e. cabling and oil and gas activities can also impact the characteristic communities.  

 

A restore objective is advised for characteristic communities of the feature within the site based on expert judgment; specifically, our 

understanding of the feature’s sensitivity to pressures which can be exerted by ongoing activities, i.e. demersal fishing, cabling and oil and 

gas sector activities. Our confidence in this objective would be improved with longer-term monitoring and access to better information on the 

activities taking place within the site. Further information on the impacts associated with human activities on Annex I Sandbanks slightly 

covered by seawater all the time can be found in the Advice on Operations workbook for the site. 

 

                                    ----------------------------------------------------------------------------------------------------------- 

 

Function 

Functions are ecological processes that include sediment processing, secondary production, habitat modification, supply of recruits, 

bioengineering and biodeposition. These functions rely on the supporting natural processes and the growth and reproduction of those 

biological communities which characterise the habitat and provide a variety of functional roles within it (Norling et al., 2007) i.e. key and 

influential species and characteristic communities  

 

These functions can occur at a number of temporal and spatial scales and help to maintain the provision of ecosystem services locally and to 

the wider marine environment (ETC, 2011). Ecosystem services typically provided by Annex 1 sandbanks include:  

 

• Nutrition: due to the level of primary and secondary productivity on or around sandbanks, a range of fish species use these areas as 

feeding and nursery grounds. Some will migrate to certain parts of the habitat for feeding and breeding e.g. cod, plaice, dab, sole 

(Ellis et al., 2012), whilst others are more resident e.g. sandeels (Frederiksen et al., 2005; SNH and JNCC, 2012) making the 

conservation of sandbanks important to the fishing industry; 

• Bird and whale watching: foraging seals, cetaceans and seabirds may also be found in greater numbers in the vicinity of sandbanks 

due to their shallower nature that enhances the availability of their typical prey items (e.g. Daunt et al., 2008; Scott et al, 2010; 

Camphuysen et al., 2011; McConnell et al., 1999, Jones et al., 2013);   

• Climate regulation: by providing a long-term sink for carbon within sedimentary habitats.  

 

http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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The prevailing hydrodynamic regime and sedimentary composition have a strong influencing effect on the recovery potential of the functional 

components of subtidal sedimentary habitats – with higher-energy, coarser sedimentary habitats showing greater recovery potential following 

impact than lower-energy, finer sedimentary habitats (Dernie et al., 2003). Recovery of populations of individual species or communities also 

depends on life history traits of species (e.g. their growth rate, longevity), and interactions with other species including predators.  

Furthermore, the environmental connectivity between populations or species patches, the suitability of the habitat (e.g. substrate type), 

depth, water and sediment quality (Mazik et al., 2015) will also influence the recovery potential of features.  

 

The natural range of sandbank communities within the site should be conserved to ensure the functions they provide support the health of 

the feature and the provision of ecosystem services to the wider marine environment. 

 

                                         ----------------------------------------------------------------------------------------------------------- 

 

Function of the feature within the site 

The ecosystem services that may be provided by sandbanks within the site include: 

 

• Nutrition - by providing a feeding area where prey is more biologically available for a variety of species of commercial importance, 

spawning areas for plaice (Pleuronectes platessa) and spawning and nursery grounds for young commercial fish species, such as 

sandeels (Ammodytes spp.) the common dab (Limanda limanda), sole (Solea solea), lemon sole (Microstomus kitt) and sprat 

(Sprattus sprattus) (JNCC, 2010; MALSF, 2009; Coull et al.,1998; Ellis et al., 2010); 

 

• Bird and whale watching - by providing feeding grounds for marine birds and marine mammals. Evidence shows that during the 

breeding season black-legged kittiwakes (Rissa tridactyla) have a high usage within the site (Wakefield et al., 2017). Other marine 

bird species have maximum foraging ranges which overlap the site limits, and therefore might use the site as well (Thaxter et al., 

2012). The site falls within the Southern North Sea candidate Special Area of Conservation, which suggests that this site may 

contribute to wider support for the southern North Sea population of harbour porpoise (Phocoena phocoena) (JNCC, 2017). Marine 

mammals such as harbour seals have been recorded travelling out to the site from haul out sites on the east coast of England (Jones 

et al., 2013); and 
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• Climate regulation – the range of sedimentary habitats and associated communities in the site perform known ecological processes 

common to sandbanks such as deposition and burial of carbon in seabed sediments through bioturbation, living biomass and 

calcification of benthic organisms sinks (Hattam et al., 2015). 

 

Given that a recover objective is advised for characteristic communities on which these functions rely, JNCC also advise a recover objective 

for this sub-attribute. Our confidence in this objective would be improved by long-term monitoring and a better understanding of the role 

which biological communities play in the function and health of the feature. Further information on the impacts associated with human 

activities on Annex I Sandbanks slightly covered by seawater all the time can be found in the Advice on Operations workbook for the site. 

 

Attribute: Supporting processes 

Objective: Maintain   

A maintain objective is advised for supporting processes based on expert judgment; specifically, our understanding of the feature’s sensitivity 

to pressures which can be exerted by ongoing activities. Our confidence in this objective would be improved with long-term monitoring, 

specifically of contaminant levels within the site and a better understanding of the hydrodynamic regime within the site.  Activities must look 

to avoid, as far as is practicable, impairing the hydrodynamic regime within the site and exceeding Environmental Quality Standards set out 

in the relevant section below. 

 

Explanatory notes 

The sandbank feature relies on a range of supporting natural processes to support the functions (ecological processes) and help any 
recovery from adverse impacts. For the site to fully deliver the conservation benefits set out in the statement on conservation benefits, the 
following natural supporting processes must remain largely unimpeded:  
 
Hydrodynamic regime 
and  
Water and sediment quality 

 

Hydrodynamic regime 

Hydrodynamic regime refers to the speed and direction of currents, seabed shear stress and wave exposure. These mechanisms circulate 

food resource and propagules, influence water properties by distributing dissolved oxygen, and facilitating gas exchange from the surface to 

the seabed (Chamberlain et al., 2001; Biles et al., 2003; Hiscock et al., 2004; Dutertre et al., 2012). Hydrodynamic regime also effects the 

movement, size structure and sorting of sediment particles. Shape and surface complexity within sandbank features can be influenced by 

http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
http://jncc.defra.gov.uk/pdf/NNSSR_Statements_v1_0.pdf


17 
 

coarse as well as finer-scale oceanographic processes, supporting the formation of topographic bedforms. The hydrodynamic regime plays a 

critical role in the natural formation and movement of mobile sandbanks. 

                                         ----------------------------------------------------------------------------------------------------------- 

 

Hydrodynamic regime within the site 

The water within the site is a mixture of both northern Fair Isle and southern English Channel waters. The site presents a complex pattern of 

currents, that are at present not well understood.  Water movement is influenced by the local topography, with strongest currents measured 

on the near-shore sandbanks and decreasing with distance offshore (Jenkins et al., 2015). For example, on one of the banks, near-bed 

residual tidal currents have been observed to be strongest towards the crestline and in opposing directions on either side of the bank (Caston 

and Stride 1970; Caston, 1972).  

 

Tides over the area are controlled by a progressive tidal wave, moving down the coastline of England. Episodic currents over the wider area 

of Norfolk Banks induced by storm surges cause sand to be transported in directions other than those caused by the tidal currents alone 

(Flather, 1987). The former, combined with observed tidal flows (Venn and D’Olier, 1983), is expected to transport sand oblique to the tidal 

currents and towards the northeast up to about 100 km to seaward, contributing to the sandbank feature’s natural progression in this 

direction (Stride, 1988). 

 

A hydrodynamic model developed by CEFAS, currently unpublished, indicates that ocean current flow is predominantly in a south-eastly 

direction with predicted velocities at seabed reaching a maximum of 2.7m/s. The wave regime in the site has a marked seasonality. Wave 

height ranges from 0.5 m to greater than 4 m, with the largest waves being seen in the winter months when waves of over 3 m height are 

regularly recorded (Draper, 1968; Marshall, 1997). 

 

While there is evidence to suggest hydrodynamic regime is impacted locally by human activities within the site i.e. aggregate extraction, 

cabling and oil and gas sector activities, it is unclear whether this is occurring on such as scale as to impact the natural formation and 

movement of the sandbank feature within the site.  

 

A maintain objective is advised for the hydrodynamic regime based on expert judgment; specifically, our understanding of the feature’s 

sensitivity to pressures which can be exerted by ongoing activities. Our confidence in this objective would be improved with long-term 

monitoring and specifically a better understanding of the effects which human activities have on the hydrodynamic regime within the site and 
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its influence on the formation and movement of the feature. Further information on the impacts associated with human activities on Annex I 

Sandbanks slightly covered by seawater all the time can be found in the Advice on Operations workbook for the site.        

                                         ----------------------------------------------------------------------------------------------------------- 

Water and sediment quality  

Contaminants may also impact the ecology of a sandbank feature through a range of effects on different species within the habitat, 
depending on the nature of the contaminant (JNCC, 2004a; UKTAG, 2008; EA, 2014). It is important therefore to avoid changing the natural: 
 
Water quality  
and  
Sediment quality 
 

Environmental Quality Standards (EQS) 

The targets listed below for water and sediment contaminants in the marine environment are based on existing targets within OSPAR or the 

Water Framework Directive (WFD) and require concentrations and effects to be kept within levels agreed in the existing legislation and 

international commitments. These targets are set out in The UK Marine Strategy Part 1: The UK Initial Assessment, 2012.  

 

Aqueous contaminants must comply with water column annual average (AA) Environmental Quality Standards (EQSs) according to the 

amended Environmental Quality Standards Directive (EQSD) (2013/39/EU), or levels equating to (High/Good) Status (according to Annex V 

of the Water Framework Directive (WFD) (2000/60/EC), avoiding deterioration from existing levels. 

 

Surface sediment contaminants (<1cm from the surface) must fall below the OSPAR Environment Assessment Criteria (EAC) or Effects 

Range Low (ERL) threshold. For example, mean cadmium levels must be maintained below the ERL of 1.2 mg per kg. For further 

information, see Chapter 5 of the OSPAR Quality Status Report (OSPAR 2010) and associated QSR Assessments. 

The following sources provide information regarding historic or existing contaminant levels in the marine environment: 

• Marine Environmental and Assessment National Database (MERMAN); 

• The UK Benthos database available to download from the Oil and Gas UK website; 

• Cefas Green Book; 

• Strategic Environmental Assessment Contaminant Technical reports available to download from the British Geological Survey 

website; 

• Charting Progress 1: The State of the UK Seas (2005) and Charting Progress 2: The State of the UK Seas (2014).  

http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/69632/pb13860-marine-strategy-part1-20121220.pdf
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2013:226:0001:0017:EN:PDF
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02000L0060-20141120
http://qsr2010.ospar.org/en/index.html
http://qsr2010.ospar.org/media/assessments/p00390_2009_CEMP_assessment_report.pdf
http://www.bodc.ac.uk/projects/uk/merman/project_overview/
http://oilandgasuk.co.uk/environment-resources.cfm
https://www.cefas.co.uk/cefas-data-hub/publication-abstract/?id=7864
http://www.bgs.ac.uk/data/sea/
http://www.bgs.ac.uk/data/sea/
http://webarchive.nationalarchives.gov.uk/20141203174606/http:/chartingprogress.defra.gov.uk/charting-progress2005
http://webarchive.nationalarchives.gov.uk/20141203170558/http:/chartingprogress.defra.gov.uk/
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Water quality 

The water quality properties that influence habitats include salinity, pH, temperature, suspended particulate concentration, nutrient 

concentrations and dissolved oxygen. They can act alone or in combination to affect habitats and their communities in different ways, 

depending on species-specific tolerances. In fully offshore habitats these parameters tend to be relatively more stable, particularly so for 

deeper waters, although there may be some natural seasonal variation. Water quality properties can influence the abundance, distribution 

and composition of communities at relatively local scales. Changes in any of the water quality properties can impact habitats and the 

communities they support (Elliott et al.,1998; Little, 2000; Gray and Elliott, 2009). Changes in suspended sediment in the water column may 

have a range of biological effects on different species within the habitat; affecting the ability to feed or breathe. A prolonged increase in 

suspended particulates for instance can have a number of implications, such as affecting fish health, clogging filtering organs of suspension 

feeding animals and affecting seabed sedimentation rates (Elliott et al.,1998). Low dissolved oxygen can have sub-lethal and lethal impacts 

on fish and infaunal and epifaunal communities (Best et al., 2007). Concentrations of contaminants in the water column must not exceed the 

EQS listed above. 

                                         ----------------------------------------------------------------------------------------------------------- 

 

Water quality within the site 

There is not much known about the quality of the water within the site. Most of the information which is available is on the wider southern 

North Sea area. The planktonic assemblage in the southern North Sea area is largely influenced by inflows of northeast Atlantic water which 

is gradually mixed with North Sea water (HR Wallingford, 2002). Rates of primary production increase significantly in the spring months 

followed by a smaller peak in abundance in the autumn, influenced to some extent by vertical mixing, stratification of the water column and 

light availability (Johns and Reid, 2001).   

 

Surface temperatures in the region can be highly variable, with temperatures ranging from 8 to 14.6°C during May alone (MALSF, 2009). 

Salinity for the site falls under typical values for the North Sea with no significant seasonal variation and little variation in depth, with values at 

approximately 34.8 parts per thousand at the surface and 34.6 parts per thousand at the seabed in both summer and winter (BODC, 1998). 

Available evidence indicates that sediment suspension varies widely between summer (0 to 5 mg/l) and winter months (around 5 mg/l) 

(Dolphin et al., 2011).  

 

A considerable number of predominantly gas exploration developments have taken place within the site.  The main contaminants associated 

with this activity come from produced water and drill cuttings. Higher quantities of corrosion inhibitors, gas treatment products and scale 

https://www.bodc.ac.uk/resources/products/data/bodc_products/ukdmap/
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inhibitors are discharged into the North Sea than chemicals of any other functional group. While possible sources of contamination are 

present on site, there is no information available to indicate whether water quality within the site is falling or above below Environmental 

Quality Standards (EQSs). However, Charting Progress 2 reports that the open seas are little affected by pollution and levels of monitored 

contaminants continue to fall, albeit slowly in many cases. JNCC therefore advise that aqueous contaminants must be maintained below the 

annual average (AA_EQS) according to the amended Environmental Quality Standards Directive (EQSD) (2013/39/EU) or levels equating to 

(High / Good) Status (according to Annex V of the Water Framework Directive (WFD) (2000/60/EC).  

 

A maintain objective is advised for water quality based on expert judgment; specifically, our understanding of the feature’s sensitivity to 

pressures which can be exerted by ongoing activities. Our confidence in this objective would be improved with longer-term monitoring, 

specifically of contaminants within the site.  Further information on the impacts associated with human activities on Annex I Sandbanks 

slightly covered by seawater all the time can be found in the Advice on Operations workbook for the site.        

 

                                         ----------------------------------------------------------------------------------------------------------- 

 

Sediment quality 

Various contaminants are known to affect the species that live in or on the surface of sediments. These include heavy metals like Mercury, 

Arsenic, Zinc, Nickel, Chrome and Cadmium, polyaromatic hydrocarbons (PAHs), poly-chlorinated biphenyls (PCBs), organotins (TBT) and 

pesticides such as hexachlorobenzene. These metals and compounds can impact species sensitive to particular contaminants (e.g. heavy 

metals) and bioaccumulate within organisms thus entering the marine food chain (e.g. PCBs) (OSPAR 2009; 2010; 2012). This 

contamination can alter the structure of communities within a site e.g. lowering species diversity or abundance. It is important therefore to 

avoid changing the natural sediment quality of a site and as a minimum ensure compliance with existing EQS as set out above. Sediment 

contaminants must not exceed the EQS listed above. 

 

                                         ----------------------------------------------------------------------------------------------------------- 

 

Sediment quality within the site 

Trends in the concentration and distribution of contaminants in sediments in the wider southern North Sea, including hydrocarbons (HCs), 

are similar as those described for surface water contamination i.e. higher concentrations in the immediate vicinity of installations with 

concentrations generally falling to background levels within a very short distance from discharge (Hartley Anderson Ltd., 2001). Gross 

contamination of sediments by metals extends no further than 500 m downstream from production platforms except for Barium, which shows 

http://webarchive.nationalarchives.gov.uk/20141203171015/http:/chartingprogress.defra.gov.uk/ministerial-foreword
http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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evidence of elevated levels in the area within 500 to 1,000 m of platforms (Hartley Anderson Ltd., 2001). There are, however, some notable 

exceptions. For example, the levels of certain metals (Lead, Vanadium, Copper and Iron) appear higher in the southern North Sea compared 

to the northern North Sea. Work on seasonal current circulation patterns within the southern North Sea suggests that this may be due to 

coastal contamination transported offshore without being widely dispersed (Hartley Anderson Ltd., 2001).  

 

Where concentrations of total hydrocarbons (THCs) are found to be higher than Environmental Quality Standards (EQS) expected for the 

offshore, these are in the immediate vicinity of installations with concentrations generally falling to background levels within a very short 

distance from discharge.  

 

A maintain objective is advised for sediment quality based on expert judgment; specifically, our understanding of the feature’s sensitivity to 

pressures which can be exerted by ongoing activities i.e. oil and gas sector activities. While evidence indicates there may be elevated levels 

of contaminants in the site, exceeding EQLs, a maintain objective is advised as restoration of contaminants in the offshore is not currently 

feasible. Our confidence in this objective would be improved with longer-term monitoring, specifically contaminants within the site. Further 

information on the impacts associated with human activities on Annex I Sandbanks slightly covered by seawater all the time can be found in 

the Advice on Operations workbook for the site.        

 

 

 

http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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Table 2. Supplementary advice on conservation objectives (SACO): Annex I Reefs - Sabellaria spinulosa biogenic reef. 

 

Attribute: Extent and distribution 

Objective: Restore    

JNCC understands that the site has been subjected to activities that have resulted in a change to the extent and distribution of the feature 

within the site. Installation and/or removal of infrastructure may have a continuing effect on extent and distribution of the biogenic reef within 

the site. As such, JNCC advise a restore objective which is based on expert judgment; specifically, our understanding of the feature’s 

sensitivity to pressures which can be exerted by ongoing activities i.e. those associated with the oil and gas industry and demersal fishing. 

Our confidence in this objective would be improved with longer-term monitoring and access to better information on the activities taking place 

within the site. Activities must look to minimise, as far as is practicable, damaging the established i.e. high confidence reef within the site. 

 

Explanatory notes 

Extent refers to the area of the site occupied by the feature and must consider how the feature is distributed across the site as this influences 

the component communities present and can contribute to the health and resilience of the feature (JNCC, 2004a). Annex I reefs include 

biogenic concretions, such as Sabellaria spinulosa reef, which arise from the sea floor in the sublittoral and littoral zone (ECDG Environment, 

2007). The extent and distribution of S. spinulosa reef is defined and delineated in terms of reef elevation, area and patchiness (Gubbay, 

2007). These factors are all considered important to the definition of examples of the actual feature as there is a natural graduation from 

solitary individuals, to small clusters or crusts, to areas of confirmed reef.  

 

In UK waters, S. spinulosa reef is typically found from 3 m to over 40 m deep (Jessop and Stoutt, 2006; JNCC, 2010a; JNCC, 2010b). The 

extent of S. spinulosa reefs are highly variable and subject to physical and biological pressures such as those created by storms and 

predation. Sabellaria reefs are naturally ephemeral (capable of forming, decaying and disappearing from an area over just a few years) and 

shift in spatial distribution (occasionally forming cohesive expanses of reef up to several hectares, but often demonstrating a high degree of 

patchiness) (Hendrick et al., 2011; Benson et al., 2013; Roberts et al., 2016). Due to the cyclical nature of reef formation and decay, it is 

important to conserve the feature’s overall extent within a site, and that this approach includes conserving both established reef and areas of 

potential reef. Assessments should focus on reef extent occurring at that specific point in time, therefore a repeat survey may be required at 

the point of assessment. 

 

http://jncc.defra.gov.uk/page-3054
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Established areas of reef that persist over time form more elevated structures or consistently recolonise the same areas and are especially 

important for conservation of the feature’s extent (Roberts et al., 2016). Please see explanatory notes under the supporting processes  

attribute relating to supporting habitats for further information.  

                                         ----------------------------------------------------------------------------------------------------------- 

 

Extent and distribution within the site 

The extent and distribution of high confidence Annex I S. spinulosa biogenic reef feature and areas of potential reef are shown in the site 

map provided in Annex A. To better visualise the different extents and distributions of the high confidence and potential reef within the site an 

extract of the site map is provided in Annex B. High confidence reef has been observed at several locations within the site, hosting examples 

of biogenic reef in an open, tide-swept situation on sand and gravelly sand habitat (Vanstaen and Whomersley, 2015).  Areas of potential 

reef shown in the map can provide supporting habitats for the establishment of new Annex I S. spinulosa biogenic reef. Advice is provided on 

these areas under the Supporting processes attribute.  

 

During a 2003 survey (BMT Cordah, 2003) an extensive area of reef named Saturn Reef, was identified between Swarte and Broken banks. 

The extent of Saturn Reef was estimated to cover an area of 0.375km2, with a core area (0.125km2) of near continuous (90% coverage of the 

core area) and high elevation reef (>10cm high). Areas of patchy reef (<10-50% coverage of reef extent) were also observed in the same 

area. In follow-up surveys in 2006 (Limpenny et al., 2010) and 2013 (Vanstaen and Whomersley, 2015) no substantial reef structures were 

found in the Saturn reef area. It is not understood whether the loss was a result of damage (e.g. from bottom trawling), or due to the 

ephemeral nature of this feature. Further work is needed to investigate potential causes of reef disappearance to distinguish between natural 

or anthropogenic environmental drivers (Vanstaen and Whomersley, 2015). Nonetheless, formation of such a substantial reef of S. spinulosa 

in the area of Saturn Reef in 2003 indicates the presence of favourable conditions for reef formation. Please see explanatory note on 

supporting habitats under supporting processes for more information on favourable conditions within the site for reef formation.  

 

In the 2013 survey, a new area of S. spinulosa reef was recorded and mapped as high confidence reef (Ellwood, H., 2013) to the west of the 

Saturn reef area and at several other locations throughout the site such as the northern sections of the Swarte and Well Banks (troughs and 

flanks) and the troughs in the southern sections of Inner and Leman banks (Vanstaen and Whomersley, 2015). The depth at which S. 

spinulosa have been recorded across the site varies between -20m and -40 m. The total area is estimated to be approximately 115 hectares 

(Vanstaen and Whomersley, 2015), but it is important to understand that the boundaries of areas of S. spinulosa that have been mapped and 

presence confirmed by video analysis should be considered as a coarse demarcation rather than a sharp boundary.   
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Vessel Monitoring System (VMS) data shows demersal fishing activity occurring over Annex I biogenic reef. Fishing activity can result in 

impacts to the feature extent through abrasion. Aggregate extraction and predominantly gas extraction activities are also operating in areas 

where S. spinulosa reef has been found. These activities are capable of exerting pressures to which the feature is sensitive to e.g. habitat 

physical change, obstruction and siltation rates changes and have the potential to impact the extent and distribution of the biogenic reef 

feature. Our understanding is that the aggregate industry operates under a policy of avoiding impacting areas where S. spinulosa is found. 

Therefore, there is no evidence to suggest that S. spinulosa reef within the site is impacted by this specific activity.  

 

A restore objective is advised however, for extent and distribution based on expert judgment, specifically our understanding of the 

feature’s sensitivity to pressures which can be exerted by ongoing activities i.e. demersal fishing and oil and gas sector activities. Our 

confidence in this objective would be improved with long-term monitoring and access to better information on the activities occurring in the 

site. Activities must look to avoid, as far as is practicable, damaging established reef within the site. Further information on the impacts 

associated with human activities on Annex I S. spinulosa biogenic reef can be found in the Advice on Operations workbook. 

 

Attribute: Structure and function 

Objective: Restore   

JNCC understands that the site has been subjected to activities that have resulted in a change to the structure and function of the feature 

within the site. Installation and/or removal of infrastructure may have a continuing effect on structure and function, specifically the 

characteristic communities and sediment composition and distribution. As such, JNCC advise a restore objective which is based on expert 

judgment; specifically, our understanding of the feature’s sensitivity to pressures which can be exerted by ongoing activities i.e. those 

associated with the oil and gas industry and demersal fishing. Our confidence in this objective would be improved with long-term monitoring 

and access to better information on the activities taking place within the site. Activities must look to minimise, as far as is practicable, damage 

and disturbance to the physical structure of established reef within the site and its associated biological communities. 

 

Explanatory notes 

Structure  

Structure encompasses both the physical and biological structure of a habitat type. 
 
Physical structure 
Physical structure relates to topography and surface complexity of the feature and can itself influence the prevailing hydrodynamic regime at 
varying spatial scales. Biological structure refers to the presence and abundance of key and influential species and the characteristic 
communities present and the population structure of associated species assemblages. Biological communities are important in characterising 

http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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the nature of the feature and in describing the health of the feature, i.e. defining its conservation status and those ecosystem services it 
provides.  
 

Physical structure 

Sabellaria spinulosa worms use sand and shell fragments to build tubes, which they attach to the underlying substrate. When conditions are 

favourable, dense aggregations of individuals form reef structures rising above the surrounding seabed (Jackson, 1977; Chisholm and 

Kelley, 2001; OSPAR, 2013). These elevated aggregations characterise the biogenic reef feature and themselves provide attachment 

surfaces for other epifauna and crevices that afford protection to fauna from predation, physical disturbance and physiological stress 

(Hendrick et al., 2011). The structure provided by S. spinulosa reef is valuable in soft sediment areas by maintaining a higher faunal diversity 

than the surrounding substrate, by virtue of the epifauna attached to or within the reef. It is therefore important that the physical structure of 

the feature is conserved to conserve epibenthic diversity. 

 

It is important to note that the physical structure of the reef can naturally be highly variable. Elevation of the feature (average tube height) 

varies naturally across the reef with low, medium and high reef tentatively considered as between 2-5 cm, 5-10 cm and 10-20 cm 

respectively (Gubbay, 2007). High densities of S. spinulosa can also form crusts or sheets and although not widely considered to be reef, 

these areas can be considered stages in reef development and should be considered in assessments (Gubbay, 2007; see the advice under 

supporting habitats for more information). Densities of S. spinulosa aggregations are also known to vary widely from 120 tubes per m2 

recorded in Belfast Lough, Northern Ireland to more than 4500 tubes per m2 in the Wash on the east coast of England (Hendrick and Foster-

Smith, 2006).  

 

Whilst some aggregations may be short-lived, with the reef disintegrating and disappearing soon after the death of the reef-builders, in other 

cases the reefs may repeatedly develop and decline in regular succession through resettlement after each successive generation has died. 

The physical structure of the reef can also naturally bioerode or become covered by mobile sediments, leading to patchy distributions of S. 

spinulosa reefs interspersed with patches of underlying sediment (Hendrick and Foster-Smith, 2006; Limpenny et al., 2010). 

 

It is likely that if prevailing conditions and the timing of disturbance are favourable, i.e. disturbance/damage does not occur during a 

spawning/reproduction event, S. spinulosa reefs can recover their physical structure relatively quickly (within 16-24 months) from short-term 

or intermediate levels of physical impact/abrasion (Pearce et al., 2007; Gibb et al., 2014). Recovery will be accelerated where some of the 

reef is left intact as this will assist larval settlement of new recruits of the species (Vorberg, 2000; Cooper et al., 2007; Pearce et al., 2007; 

Savage et al., 2008).  

----------------------------------------------------------------------------------------------------------- 
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Physical structure within the site 

The density of S. spinulosa biogenic reef varied across the area of Saturn Reef when identified in 2003. A core section of near continuous 

and high profile reef (10cm high) with very dense coverage (90% of the seabed) was identified, with some sections rising to up to 25cm 

above the seabed. Also observed were patchier reef areas with 10-50% coverage and even sparser reef patches with less than 10% 

coverage. Reef patches were either broken by various 'holes' or were elongated strips, raised above surrounding seabed with surrounding 

sediment included both tube debris and non-tube sediment consisting of silty sand/stones (BMT Cordah, 2003). 

 

Further surveys were undertaken by JNCC and Cefas in 2013 in five discreet areas across the site where video and acoustic data were 

collected. Tube elevation was taken into account using the Gubbay 2007 measure of reefiness, whereby >10cm in height was considered as 

high reefiness. The best examples of S. spinulosa reef in terms of coverage and height were found to the west of the Saturn Reef. This area 

contained the highest number of S. spinulosa individuals when compared to other discreet sampling areas (Vanstaen and Whomersley, 

2015).   

 

The human activities taking place in the site i.e. demersal fishing and activities associated with the oil and gas industry have the potential to 

impact the physical structure of the established biogenic reef in the site. Again, our understanding is that the aggregate extraction occurring 

in the area where S. spinulosa is found operates under a policy of avoiding impacting areas where reef is present. Therefore, there is no 

evidence to suggest that S. spinulosa reef within the site is impacted by this specific activity. 

 

A restore objective is advised based on expert judgment; specifically, our understanding of the feature’s sensitivity to pressures which can 

be exerted by ongoing activities i.e. demersal fishing and oil and gas industry activities. Our confidence in this objective would be improved 

with longer-term monitoring and access to better information on the activities taking place within the site. Activities must look to minimise, as 

far as is practicable, disturbance to the structure of established reef within the site. Further information on the impacts associated with human 

activities on Annex I S. spinulosa biogenic reef can be found in the Advice on Operations workbook. 

 

----------------------------------------------------------------------------------------------------------- 

http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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Biological structure: Key and influential species  

Key species form a part of the habitat structure or help to define a biotope. S. spinulosa as a species itself is key to the conservation of the 

reef’s extent and physical structure. As mentioned under physical structure, these polychaete worms build tubes that often form dense 

aggregations characterising the feature and support the provision of ecosystem services, such as nutrition, carbon and nutrient cycling, water 

regulation and habitat provisioning. A study has identified a significant correlation between the density of living worms and reef biodiversity 

(Fariñas-Franco et al., 2014). It is important therefore that living worm presence, abundance and density is conserved, acknowledging their 

ephemeral nature. Influential species are those that have a core role in the structure and function of the habitat, and can include grazers, 

surface borers and predators. 

 

---------------------------------------------------------------------------------------------------------- 

 

Biological structure: Key and influential species within the site  

S. spinulosa is the key species of this feature responsible for building the tubular structures that make up the reef. Individual worms, using 

sediments from the surrounding habitats, build reef structures which can influence the finer scale topography and result in increased species 

diversity in comparison to surrounding areas. In some areas, S. spinulosa was found in high abundances, of up to 9000 individuals (Jenkins 

et al., 2015).  

 

Scavenger decapods, Galathea intermedia, Ebalia cranchii and Pilumnus hirtellus (BMT Cordah, 2003) as well as the gastropod mollusc 

Noemiamea dolioliformis, believed to be an ectoparasite of Sabellaria (Killeen and Light, 2000) are also associated with the reef in the site. 

However, the significance of their role in supporting the reef’s function and health is not well understood and they are not considered further 

in our advice.  

 

The activities taking place in the site e.g. those associated with the oil and gas sector and demersal fishing have the potential to impact the 

key and influential species of the feature, specifically S. spinulosa by way of damaging the physical structure of the reef. Our understanding 

is that the aggregate extraction occurring in the area where S. spinulosa is found operates under a policy of avoiding impacting those areas. 

Therefore, there is no evidence to suggest that S. spinulosa reef within the site is impacted by this specific activity. 

 

A restore objective is advised based on expert judgment; specifically, our understanding of the feature’s sensitivity to pressures which can 

be exerted by ongoing activities i.e. demersal fishing and oil and gas industry activities. Our confidence in this objective would be improved 
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with longer-term monitoring, access to better information on the activities taking place within the site and a better understanding of the 

species which can play key and influential roles in the feature’s function and health. Activities must look to minimise, as far as is practicable, 

disturbance to the S. spinulosa associated with established reef within the site.  Further information on the impacts associated with human 

activities on Annex I Sabellaria spinulosa biogenic reef can be found in the Advice on Operations workbook. 

 

---------------------------------------------------------------------------------------------------------- 

 

Biological Structure: Characteristic communities  

Changes to the spatial distribution and abundance of communities occurring on or within the feature could indicate changes to the overall 

feature (JNCC, 2004a).  The species composition of communities includes a consideration of both the overall range of species present within 

the community, as well as their relative abundance. Species composition could be altered by human activities without changing the overall 

community type.  

 

S. spinulosa reef structures support epifaunal and crevice-dwelling species, leading to distinct macrofaunal biotopes that are richer than the 

surrounding sediments (BRIG 2008; Fariñas-Franco et al., 2014). This biodiversity is an indicator of the health of S. spinulosa reefs. The 

biological communities vary greatly depending on reef depth, the sediment type where the reef forms, and fine-scale physical, chemical and 

biological processes (OSPAR 2013; Fariñas-Franco et al., 2014). The biotope most characteristic of S. spinulosa reef is Sabellaria spinulosa 

on stable circalittoral mixed sediment (SS.SBR.PoR.SspiMx; JNCC, 2015).  

 

The diverse range of epifauna on S. spinulosa reefs includes mixed faunal turfs of bryozoans (Flustra foliacea, Alcyonidium diaphanum, 

Cellepora pumicosa) and hydroids, together with calcareous tubeworms (Lanice conchilega, Pomatoceros triqueter), sponges and tunicates. 

Additional epifauna known to occur include barnacles (Balanus crenatus), starfish (Asterias rubens), sea spiders (pycnogonids), hermit crabs 

(Pagurus bernhardus), bivalves (Abra alba and Nucula nitidosa), gastropod molluscs (Noemiamea dolioliformis, Gibbula cineraria), shrimp 

(Pandalus montagui), the long-clawed porcelain crab (Pisidia longicornis) and squat lobster (Foster-Smith and Hendrick, 2003; JNCC, 2015, 

OSPAR, 2013). Typical infauna includes sublittoral polychaete species such as Protodorvillea kefersteini, Harmothoe spp, Scoloplos armiger, 

Mediomastus fragilis, and cirratulids, and tube building amphipods such as Ampelisca spp. (JNCC, 2015).  It is important to conserve the 

natural spatial distribution, composition, diversity and abundance of the characterising communities associated with reef within the site to 

avoid diminishing biodiversity and ecosystem functioning within the habitat and to support its health (Hughes et al., 2005; Fariñas-Franco et 

al., 2014).  

---------------------------------------------------------------------------------------------------------- 

http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
http://jncc.defra.gov.uk/marine/biotopes/biotope.aspx?biotope=JNCCMNCR00001112
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Biological structure: Characteristic communities within the site 

In addition to S. spinulosa, polychaetes such as Pholoe synophthalmic, Mediomastus fragilis, Scalibregma inflatum and Notomastus sp, 

burrowing bivalves such as Abra alba, Mysella bidentata, Tapes rhomboides and Mya truncate, and decapodes such as Upogebia deltuara, 

are all associated with this feature within the site, and are believed to play a role in marine bioturbation (BMT Cordah, 2003).  Other species 

associated with the S. spinulosa reef feature within the site included: several species of crustaceans e.g. squat lobster Galathea intermedia, 

edible crab Cancer pagurus and porcelain crab Pisidia longicornis, as well as worm species e.g. scaleworm family Polynoidae and 

polychaetes such as Eteone longa, Phyllodoce mucosa, Eunereis longissima, Sthenelais boa and Glycinde nordmanii, the shrimp-like 

amphipod Abludomelita obtusata and the brittlestar Amphipolis squamata (Jenkins et al., 2015). 

 

The human activities taking place within the site, i.e. those associated with oil and gas sector activities and demersal fishing have the 

potential to impact the characterising species associated with the Annex I feature, S. spinulosa biogenic reef by damaging established reef. 

Again, our understanding is that the aggregate extraction operates under a policy of avoiding impacting those areas where the feature is 

known to occur. Therefore, there is no evidence to suggest that S. spinulosa reef within the site is impacted by this specific activity and it is 

not considered further under this attribute. 

 

A restore objective is advised based on expert judgment; specifically, our understanding of the feature’s sensitivity to pressures which can 

be exerted by ongoing activities i.e. demersal fishing and oil and gas sector activities. Our confidence in this objective would be improved 

with longer-term monitoring and access to better information on the activities taking place within the site. Activities must look to minimise, as 

far as is practicable, disturbance to the characterising species associated with established reef within the site. Further information on the 

impacts associated with human activities on Annex I S. spinulosa biogenic reef can be found in the Advice on Operations workbook. 

 

----------------------------------------------------------------------------------------------------------- 

 

Function 

Functions are ecological processes that include sediment processing, secondary production, habitat modification, supply of recruits, 

bioengineering and biodeposition. These functions rely on the supporting natural processes and the growth and reproduction of those 

biological communities that characterise the habitat and deliver a variety of functional roles within it (Norling et al., 2007), i.e. key and 

influential species and characterising communities as mentioned. These functions can occur at several temporal and spatial scales and help 

to maintain the provision of ecosystem services locally and to the wider marine environment (ETC, 2011; Pearce et al., 2011).  

http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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Ecosystem services provided by Annex I reefs include:  

• Nutrition: enhanced levels of productivity occur on or around S. spinulosa reefs and S. spinulosa are a direct food source to several 

commercially important fish species, such as dab (Limanda limanda), dover sole (Solea solea) and plaice (Pleuronectes platessa). 

Conserving S. spinulosa reefs can make an important contribution to fish stocks thus benefiting the fishing industry; 

• Carbon and nitrogen cycling: maintaining healthy and productive ecosystems; 

• Water regulation: S. spinulosa filters the water column maintaining healthy and productive ecosystems; and 

• Habitat provisioning: S. spinulosa provides suitable living space for marine animals maintaining commercially important species. 

 

----------------------------------------------------------------------------------------------------------- 

 

Function of the feature within the site 

Ecosystem services that may be provided by Annex I S. spinulosa reef within the site include: 

• Nutrition: there is currently insufficient evidence available to provide further detail on nutrition provision by the feature at this site. 

• Carbon and nitrogen cycling: there is currently insufficient evidence available to provide further detail on carbon and nitrogen cycling 

by the feature at this site. 

• Water regulation: there is currently insufficient evidence available to provide further detail on water regulation by the feature at this 

site.   

•  Habitat provisioning: the abundance of certain characteristic taxa showed stronger relationships with both S. spinulosa abundance 

and reef volume than with sediment type (Jenkins et al., 2015). This could indicate that certain species are relying on the key and 

associated species associated with S. spinulosa reef as a food source.  

 

Given that a recover objective is advised for characteristic communities on which these functions rely, JNCC also advise a recover objective 

for this sub-attribute. Our confidence in this objective would be improved by long-term monitoring and a better understanding of the role 

which biological communities play in supporting the function and health of the feature. 

 

Further information on the impacts associated with human activities on Annex I S. spinulosa biogenic reef can be found in the Advice on 

Operations workbook. 

 

http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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Attribute: Supporting processes 

Objective: Restore   

A restore objective is advised for the supporting habitat within the site and a maintain objective is advised for hydrodynamic regime and 

water quality within the site. These objectives are based on expert judgment; specifically, our understanding of the feature’s sensitivity to 

pressures which can be exerted by ongoing activities i.e. demersal fishing and oil and gas sector activities. Our confidence in these 

objectives would be improved with longer-term monitoring, specifically of contaminants within the site. It would also be improved with access 

to better information on the activities taking place within the site. Activities must look to minimise, as far as is practicable, disturbance to the 

hydrodynamic regime within the site and the habitats which support the reef within the site. Activities must also look to avoid, as far as is 

practicable, exceeding Environmental Quality Standards for aqueous contaminants as set out below. 
 

Explanatory notes 

The S. spinulosa reef feature relies on a range of natural processes to support the functions (ecological processes) and help any recovery 

from adverse impacts. Physical, biological and chemical supporting processes affect reef development and persistence, and the faunal 

composition of reef communities (Alexander et al., 2014). For the site to fully deliver the conservation benefits set out in the statement on 

conservation benefits, the natural supporting processes of hydrodynamic regime, supporting habitats and water quality must remain largely 

unimpeded.  

 

Hydrodynamic regime 

Hydrodynamic regime refers to the speed and direction of currents, seabed shear stress and wave exposure. These mechanisms circulate 

food resources and propagules, influence water properties by distributing dissolved oxygen, and facilitating gas exchange from the surface to 

the seabed (Chamberlain et al., 2001; Biles et al., 2003; Hiscock, 2005; Dutertre et al., 2012). Hydrodynamic regime also effects the 

movement, size structure and sorting of sediment particles, which as filter-feeders could affect the feeding behaviour, growth and survival of 

S. spinulosa. 

 

As filter-feeders requiring water movement, S. spinulosa inhabit areas of high turbidity, high sediment load, moderate currents and moderate 

suspended organic particulate load (Jones et al., 2000; Foster-Smith, 2001; Hendrick et al., 2011). These conditions provide sediment supply 

for tube building, food, oxygen, larvae for recruitment, waste removal and prevent sedimentation (Kirtley and Caline, 1992; Jones, 1999; 

Jackson and Hiscock, 2008). Reef communities of S. spinulosa have been found in areas with current velocities of 0.5m/s to 1.0m/s 

(Mistakidis, 1956; Jones et al., 2000; Davies et al., 2009).  

 

http://jncc.defra.gov.uk/pdf/NNSSR_Statements_v1_0.pdf
http://jncc.defra.gov.uk/pdf/NNSSR_Statements_v1_0.pdf
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It is important to maintain the hydrodynamic regime and a degree of sedimentation within the site to supply the sediment for the worms to 

build the tubes that form the reef structure. It is probable that S. spinulosa can tolerate smothering by sediment for up to several weeks. 

However, the rate of sediment deposition can influence the status of reef habitats and their associated communities. Sedimentation on reefs 

can influence community composition, alter species growth rates and potentially impact reproductive success by affecting larval recruitment. 

 

Studies have noted the regular smothering of intertidal Sabellaria reefs, where a near complete kill occurred every winter (Miller, 2001). 

Nevertheless, recruitment was reported each spring, indicating that these intertidal reefs were essentially being maintained by more stable 

subtidal reefs (Fariñas-Franco et al., 2014). While the susceptibility of subtidal reefs to smothering is not well understood, evidence indicates 

that increased sediments can present a potential threat to S. spinulosa with the species found to have a medium sensitivity to moderate 

smothering (Fariñas-Franco et al., 2014; Tillin et al., 2015). It is important therefore to conserve the natural sedimentation rates influencing 

reef environments.  

----------------------------------------------------------------------------------------------------------- 

 

Hydrodynamic regime within the site 

The water within the site is a mixture of both northern Fair Isle and southern English Channel waters. The site presents a complex pattern of 

currents that are presently not that well understood.  Water movement is influenced by the local topography, with strongest currents 

measured on the near-shore sandbanks and decreasing with distance offshore (Jenkins et al., 2015). For example, on one of the banks, 

near-bed residual tidal currents have been observed to be strongest towards the crestline and in opposing directions on either side of the 

bank (Caston and Stride 1970; Caston, 1972). 

 

Tides over the area are controlled by a progressive tidal wave, moving down the coastline of England. Episodic currents over the wider area 

of Norfolk Banks induced by storm surges, cause sand to be transported in directions other than those caused by the tidal currents alone 

(Flather, 1987). The former, combined with observed tidal flows (Venn and D’Olier, 1983) is expected to transport sand oblique to the tidal 

currents and towards the northeast up to about 100 km to seaward, contributing to the sandbank feature’s natural progression in this 

direction (Stride, 1988). 

 

A hydrodynamic model developed by CEFAS (currently unpublished), indicates that ocean current flow is predominantly in a south-easterly 

direction with predicted velocities at seabed reaching a maximum of 2.7m/s.  The wave regime in the site has a marked seasonality. Wave 

height ranges from 0.5 m to greater than 4 m, with the largest waves being seen in the winter months when waves of over 3 m height are 

regularly recorded (Draper, 1968; Marshall, 1997). 
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While there is evidence to suggest hydrodynamic regime is impacted locally by human activities within the site e.g. aggregate extraction, 

cabling and oil and gas sector activities, it is unclear whether this is occurring on such as scale as to impact the natural formation and 

distribution of the biogenic reef within the site.  

 

A maintain objective is advised based on expert judgment; specifically, our understanding of the feature’s sensitivity to pressures which 

can be exerted by ongoing activities. Our confidence in this objective would be improved with longer term monitoring, specifically of the 

hydrodynamics within the site and its influence on the formation and distribution of biogenic reef. It would also be improved with access to 

better information on the activities taking place within the site. Activities must look to minimise, as far as is practicable, disturbance to the 

hydrodynamic regime within the site. Further information on the impacts associated with human activities on Annex I S. spinulosa biogenic 

reef can be found in the Advice on Operations workbook. 

 

---------------------------------------------------------------------------------------------------------- 

Supporting habitats 

S. spinulosa reefs are completely reliant on the supporting habitat they colonise. Suitable supporting habitats can vary but in the offshore 

environment tend to be limited to sublittoral sand, mud and to a lesser extent mixed sediments (Savage et al., 2008). Loss of suitable 

supporting habitats from an area could hinder the establishment or maintenance of reef and, consequently, the maintenance or recovery of 

the feature’s overall extent. 

 

Areas where there is evidence for the ability of reef to persist over time, forming more elevated structures or consistently recolonising, will be 

especially important for the conservation of the feature. Potential areas of reef outside persistent reef areas will also contribute towards the 

reefs’ existing distribution. Identifying areas where S. spinulosa could colonise beyond the persistent reef areas provides evidence-based 

identification of supporting habitats within the site (Fariñas-Franco et al., 2014).  

 

Potential reef is defined as discrete areas where: 

• low confidence reef exists that does not meet the criteria to be defined as high confidence reef;  

• S. spinulosa reef has previously existed or dead reef is visible and prevailing environmental conditions are suitable for reef 

formation; or  

• acoustic evidence predicts reef is present but there is insufficient ground truthing to validate the acoustic evidence.  

 

http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx


34 
 

The biotope associated with S. spinulosa reef is not considered sensitive to small-scale changes to the coarse sediment types, for example 

changes from gravel to sandy gravel (George and Warwick, 1985). However, the biotope can be negatively impacted by a change to the 

finest sediment class, for example a change in the sediment classification from sand to ‘mud and sandy mud’ (Long, 2006). Any changes in 

sediment type greater than one folk class should be considered when assessing the potential impact of a development on S. spinulosa 

reef. It is important to note that supporting habitats can naturally vary in their spatial distribution and extent where they are mobilised by 

prevailing currents. It is important to maintain the natural extent and distribution of areas suitable for reef formation. 

 

----------------------------------------------------------------------------------------------------------- 

 

Supporting habitats within the site 

The site map available in Annex A shows the extent and distribution of both high confidence reef and potential reef within the site. To better 

visualise the different extents and distributions of the high confidence and potential reef within the site an extract of the site map is provided 

in Annex B. The areas of high confidence reef have been discussed under the preceding attributes; extent and distribution and structure and 

function. The areas of potential reef delineated in the site map are those parts of the site where evidence indicates that established reef has 

been recorded historically but since disappeared (Vanstaen and Whomersley, 2015; Ellwood, 2013). These areas represent supporting 

habitat for the reef feature in the site and are composed of the following sediment types; circalittoral sand, circalittoral mixed sediments and 

circalittoral coarse sediments.  

 

Vessel Monitoring System (VMS) data shows demersal fishing activity occurring over areas mapped as potential reef. Aggregate extraction 

and gas well exploration are also operating within and close to areas where S. spinulosa potential reef is mapped. While we are aware of 

aggregates dredging operating in such a way as to ensure that established reef is undisturbed we are not aware of a similar practise to avoid 

impacting areas of supporting habitat and so both of these activities are capable of impacting areas of supporting habitat mainly through 

abrasion and habitat physical change and to a lesser extent siltation rate changes.  

 

A restore objective is advised based on expert judgment, specifically our understanding of the feature’s sensitivity to pressures which can 

be exerted by ongoing activities i.e. aggregates, demersal fishing and oil and gas sector activities. Our confidence in this objective would be 

improved with longer-term monitoring. It would also be improved with access to better information on the activities taking place within the 

site. Activities must look to minimise, as far as is practicable, disturbance to the supporting habitats as mapped. Further information on the 

impacts associated with human activities on Annex I S. spinulosa biogenic reef can be found in the Advice on Operations workbook. 

----------------------------------------------------------------------------------------------------------- 

http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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Water quality 

Contaminants may impact the ecology of a reef through direct biological effects on different species within the habitat, depending on the 

nature of the contaminant (JNCC, 2004b; UKTAG, 2008; EA, 2014). It is important therefore to avoid changing the water quality of a site and 

as a minimum ensure compliance with existing Environmental Quality Standards (EQSs). 

 

The targets listed below for water contaminants in the marine environment are based on existing targets within OSPAR or the Water 

Framework Directive (WFD) and require concentrations and effects to be kept within levels agreed in the existing legislation and international 

commitments. These targets are set out in The UK Marine Strategy Part 1: The UK Initial Assessment (2012). Aqueous contaminants must 

comply with water column annual average (AA) EQSs according to the amended EQS Directive (2013/39/EU) or levels equating to 

(High/Good) Status (according to Annex V of the WFD (2000/60/EC), avoiding deterioration from existing levels).  

 

The following sources provide information regarding historic or existing contaminant levels in the marine environment: 

• Marine Environmental and Assessment National Database (MERMAN); 

• The UK Benthos database available to download from the Oil and Gas UK website; 

• Cefas’ Green Book; 

• Strategic environmental assessment contaminant technical reports downloadable from the British Geological Survey website; and 

• Charting Progress 1: The State of the UK Seas (2005) and Charting Progress 2: The State of the UK Seas (2014).  

 

The properties of water that influence biogenic reef habitats include salinity, pH, temperature, suspended particulate concentration, nutrient 

concentrations and dissolved oxygen. These parameters can act alone or in combination to affect habitats and their associated communities 

in different ways, depending on species-specific tolerances. In offshore habitats, these parameters tend to be relatively stable, particularly in 

deeper waters, although there may be some natural seasonal variation. Changes in any of these properties through human activities may 

impact habitats and the communities they support (Little, 2000; Gray and Elliot, 2009; Gibb et al., 2014).   

Changes in suspended sediment may have a range of biological effects on different species within the habitat, affecting the ability of species 

to feed or breathe (Elliott et al., 1998; Gibb et al., 2014). A prolonged increase in suspended particulates can affect fish health, clog the 

filtering organs of suspension feeders and affect seabed sedimentation rates (Elliot et al., 1998; Gibb et al., 2014). Specific impacts of 

changes in suspended sediment on S. spinulosa can include smothering by sediment (Gibb et al., 2014). One study found S. spinulosa can 

survive short term, episodic sand burial of at least several centimetres for up to 32 days (Last et al., 2011), but in other studies losses of 

Sabellarid reefs have been attributed to burial (Zale and Merrifield, 1989; Porras et al., 1995). The maximum tolerance of S. spinulosa to 

burial by sedimentation is unknown (Hendrick et al., 2011). S. spinulosa also need suspended sediment for tube-building. S. spinulosa are 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/69632/pb13860-marine-strategy-part1-20121220.pdf
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2013:226:0001:0017:EN:PDF
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02000L0060-20141120
http://www.bodc.ac.uk/projects/uk/merman/project_overview/
http://oilandgasuk.co.uk/environment-resources.cfm
https://www.cefas.co.uk/publications/greenbook/greenbookv15.pdf
http://www.bgs.ac.uk/data/sea/
http://webarchive.nationalarchives.gov.uk/20141203174606/http:/chartingprogress.defra.gov.uk/charting-progress2005
http://webarchive.nationalarchives.gov.uk/20141203170558/http:/chartingprogress.defra.gov.uk/
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selective about the size of sediment particles that they build their tubes with, typically favouring medium-sized particles (120-500 μm 

diameter; Hendrick et al., 2007). A substantial reduction in suspended sediment can therefore impede S. spinulosa reef 

formation/maintenance. 

 

Low dissolved oxygen can have sub-lethal and lethal impacts on fish, infaunal and epifaunal communities (Best et al., 2007). Concentrations 

of contaminants in the water column must, as a minimum, not exceed the EQS listed above. S. spinulosa reefs tend to be tolerant of adverse 

conditions such as polluted water, low salinity, low oxygen levels (Mistakidis, 1956; Jones et al., 2000; Davies et al., 2009). There is very little 

information on temperature tolerance for Sabellaria. The latitudinal distribution of S. spinulosa suggests broad temperature tolerance, 

although limited site-specific information mean some precaution is needed because any rapid local temperature change may have an impact 

(OSPAR, 2012; Fariñas-Franco et al., 2014). Contaminants may impact S. spinulosa biogenic reefs, depending on the nature of the 

contaminant (UKTAG, 2008; EA, 2014). The sensitivity/tolerance of S. spinulosa to organic and inorganic pollutants is unknown. It is 

important therefore to carefully consider any proposals or human activity that could change the natural water quality properties affecting a 

site and as a minimum ensure compliance with existing EQS.  

 

----------------------------------------------------------------------------------------------------------- 

 

Water quality within the site 

There is not much known about the quality of the water within the site. Most of the information which is available is on the wider Southern 

North Sea area. The planktonic assemblage in the Southern North Sea area is largely influenced by inflows of northeast Atlantic water which 

is gradually mixed with North Sea water (HR Wallingford, 2002). Rates of primary production increase significantly in the spring months 

followed by a smaller peak in abundance in the autumn, influenced to some extent by vertical mixing, stratification of the water column and 

light availability (Johns and Reid, 2001).   

Surface temperatures in the region can be highly variable, with temperatures ranging from 8 to 14.6°C during May alone (MALSF, 2009). 

Salinity for the site is in line with typical values for the North Sea with no significant seasonal variation and little variation in depth.  Values 

have been recorded at approximately 34.8 parts per thousand at the surface and 34.6 parts per thousand at the seabed in both summer and 

winter (BODC, 1998). Available evidence indicates that sediment suspension varies widely between summer (0 to 5 mg/l) and winter months 

(around 5 mg/l) (Dolphin et al., 2011).  

 

A considerable number of predominantly gas exploration developments occur within the site. The main contaminants associated with this 

activity come from produced water and drill cuttings. Higher quantities of corrosion inhibitors, gas treatment products and scale inhibitors are 

https://www.bodc.ac.uk/resources/products/data/bodc_products/ukdmap/


37 
 

discharged into the North Sea than chemicals of any other functional group. While possible sources of contamination are present on site, 

there is no information available to indicate whether water quality within the site is falling or above below Environmental Quality Standards 

(EQSs). However, Charting Progress 2 reports that the open seas are little affected by pollution and levels of monitored contaminants 

continue to fall, albeit slowly in many cases. JNCC therefore advise that aqueous contaminants must be maintained below the annual 

average (AA_EQS) according to the amended Environmental Quality Standards Directive (EQSD) (2013/39/EU) or levels equating to (High / 

Good) Status (according to Annex V of the Water Framework Directive (WFD) (2000/60/EC).  

 

A maintain objective is advised for water quality based on expert judgment; specifically, our understanding of the feature’s sensitivity to 

pressures which can be exerted by ongoing activities. Our confidence in this objective would be improved with longer-term monitoring, 

specifically contaminants within the site. Further information on the impacts associated with human activities on Annex I S. spinulosa 

biogenic reef can be found in the Advice on Operations workbook. 

 

 

http://webarchive.nationalarchives.gov.uk/20141203171015/http:/chartingprogress.defra.gov.uk/ministerial-foreword
http://jncc.defra.gov.uk/docs/NNSSR_AoO_Workbook_v1_0.xlsx
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Annex A. Map of North Norfolk Sandbanks and Saturn Reef SAC showing high confidence 

and potential reef extent and distribution. 
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Annex B. Map extract of North Norfolk Sandbanks and Saturn Reef SAC showing high 

confidence and potential reef extent and distribution. 
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