ﬁ MacArthur

Green

Beatrice Offshore Wind
Farm

Year2 Postconstruction
Ornithologi cal Monitoring
Report

Date:  25/07/2023
Tel: 0141 342 5404
Web:  www.macarthurgreen.com
Address: 93 Sauth Woodside Road |Glasgow | G20 61



http://www.macarthurgreen.com/

Beatrice OWFEYear2 Postconstruction Ornithology Monitoring 221

Document Quality Record

Version Status Person Responsible Date
0.1 Draft DrMark Trinder 1909.202
0.2 Reviewed Prof Bob Furness 20.09.2022
0.3 Updated Dr Mark Trinder 29.09.2022
1 Internal Approval Dr Mark Trinder 29.09.2022
1.1 Updated following stakeholder review DrMark Trinder 30.03.2023
1.2 Updated following stakeholder review Dr Mark Trinder 23.05.2023
1.3 Final revisions following stakeholder review Dr Mark Trinder 25.07.2023

MacArthur Green is helping to combat the climate crisis through working within a carbon negative
business model. Read more atww.macarthurgreen.com.

ﬂoze Assessed ‘ﬂoye Negative WOOd'CInd

Organisation Organisation Corbon COZde

®

ﬁ MacArthur

Green 1|Page


https://www.macarthurgreen.com/our-carbon-negative-business-model

Beatrice OWFYear2 Postconstruction Ornithology Monitoring 2@1

CONTENTS

EXECUTIVE SUMMARY. ...ttt ettt e e e e e e e ettt bbb e e e e e e e eeeeenena e as 4
1 INTRODUGCTION.. ...ttt e e e e e e e e e et et bbb e r e e e aeaeeeeesnbnennnn s 5]
2 METHODS ... et e e et e e e e e e e e e e e e e e e e e e e e e e e e s e e e 6
P R B T = I= 1 F= 1|V 8
2.2  Spatial maelling and desigrbased analysis of birds on the water.................cccccvvnneee 9
2.3 Abundance of birds in flight...........ooeiiiii 12
2.4  Seabird distributions in relation to turbine loCations.............ccvveeiiiiiiiieeeee e, »
2.5 FlGNE NEIGNTS...cciii i 14

B RESUL T S e e e e e et ettt e e e e et e e e e re b a e e e aeeeennnee 15
R TR R U | Y=Y S 15
3.2  Spatial modellingand desigrbased analysis of birds on the water...............cccccuueee 16
3.3 Results of 2021 surveys and comparison with previous years...........ccccvvvveeerrnnnnne 24
3.4  Spatial modelling comparisons: pre vs podt pre vs. posk and postl vs pos@......... 30
I Tt R T o 1] AP TPPTPPPPPPPP 31
342 GUIIEMIOT. ..t 34
3i4.3 KIEIWEAKE ...ttt e e b e 37
344 RAZOIDIIL...ceeiee e 40

3.5 MOl AIAGNOSTICS.....eeeiieiiiiiiii ettt e e e e e e e e e e e e e e aan 45
3.6 Abundance of birds in flight.........cccccvieiiiin 4D
3.7  Seabird distributions in relation to turbine Iocations.............cccceviiiiieiniiiie e 47
3.7.1 Turbine avoidance in relation to turbine RPM...........ccccoiiiiiiiiiie e 54

3.8 FlGNE NEIGNTS...ceiiiiie e 55

4 DISCUSSION ...ttt e e e e e et e e e e e ta b e r e e e e e eeeeeaebbabnaaeaeeaaes 57
4.1 Evidence for broad scale wind farm effects on seabird distributions and abundancg7
4.2  Evidence for fine scale turbine effects on seabird distributions and abundance......58
4.3  Synthesis of wind farm and turbine reSpPoNSES.........cccccuuvviiiiiiiiiiiiiiieee e 58
.31 GANNEL..... .ottt r e e e e e eees 59
A.3.2 PUFIN o e e e 59
T T 11 11 =T o T | PR 59
B S - Vo 1 o | | P 60
4,35 KIIWAKE ...t e e e e e e e e e e aaaeead 60

ﬁ MacArthur

Green 2|Page



Beatrice OWFYear2 Postconstruction Ornithology Monitoring 2@1

4.3.6 Great blackbacked guIl..............uuuiiiiiiiiiiice e 60
O Ty A o 1= 4T T o U PPN 61
5 REFERENCES...... .ottt bbb e e eeeeees 62
ANNEX A. COMPARISON OF MODEL BASED ESTIMATES FROM 2015 ANALYSIS AND 2019
AN ALY SIS e e et a e e e e eeeebran e eaaae ] 64
ANNEX B. DISTRIBUTION OF BIRDS IN FLIGHT IN 2015, 2019 AND..2021................... 65
ANNEX C. SPATIAL MODEL COEFFICIENTS. ....ccttiiiiiiiiiiiiee s 86
GAINNEL......eeee e 86
(TR 11=T0 o] ST PPPP TP 88
KITEIWEIKE .ot e e e e e e e e e e e e e e b e e e e e e e asbreereeeeeaann 90
RAZOIDIIL.....ceeeeeee e 92
U111 TR PP P PP P PPPPP PRI 94
ANNEX D. BEFORE:AFTER MODEL PARTIAL PLATS....cooii e 96
ANNEXE. COVRATIO AND PRESS STATISTICS FOR THEBEFERIMODELS............ 108
(1= 0] o1 P TP TOPPPRPPPPPPP 109
(101 11=T0 o] ST PP PPP TP 112
KITEIWEIKE ..ttt e e e e e e e b e e s e e e s annnee s 115
RAZOTDIIL. ... e 118
U111 TR PP PP PPPPPP PRI 121
ANNEXF. LOCATIONS OF CONSTRUCTION ACTIVITY IN MORAY EAST DURING 2021 SURVEY
P E R IO D i e e et e e e e et e et a bbb e aaaaees 124
ANNEXC. 2019 AND 2021 TURBINE AVOIDANCE PLOTS IN RELATION.TQ.RRPM.....125

ﬁ MacArthur

Green 3|lPage



Beatrice OWFYear2 Postconstruction Ornithology Monitoring 2@1

EXECUTIVEUMMARY

The Beatrice Offshore Wind Farm has been fully operational since May 2019, shortly after which
the first year of postconstruction digital aerial surveys were conducted as a key component of the
ornithological monitoring of the wind farm. These surveys were undertaken in an identical manner
to pre-construction surveys flown in 2015, and in 2021 a second year of-posstruction surveys
were flown. This report focusses on the results of the most recent (2021ays, but also provides
analysis and comparison with the results from previous years in order to highlight changes in the
abundance and distribution of the seabirds recordedhe survey area is approximately 1,100km
and extends from the Caithness coasbtthe far side of the wind farm (plus a 4km buffer) and by
10km to the northeast and southwest along the coast.

The abundance and distributions of the seabird species of interest (gannet, kittiwake, guillemot,
razorbill, puffin, great blackbacked gull ad herring gull) have been estimated using desidrased
and modelbased (MRSea) methods, and within wind farm distributions have been analysed using
a randomisation method developed for this monitoring programme.

There do not appear to have been any contesit trends in the overall abundance of these species

in the survey areaacross the span of years (2015/2019/2021), with some species increasing across
the period (guillemot, kittiwake and puffin), others peaking in the second year (razorbill and large
gulls) while the gannet abundancewas lowest in the second year. Similarly, the within wind farm
abundances have shown no clear trends, with the exception of gannet for which there does appear

to have been a consistent decline in abundance in the wind farmidéaving construction.

Spatial modelling has been used to compare the distributions across the survey area between
years. For gannet theseesultsindicate avoidance of the wind farmHowever, for the other species
modelled (guillemot, razorbill, puffin andkittiwake), while there have been significant changes in
their distributions between years, there is little to indicate these are responses to the wind farm,
with varyingareas of increase and decrease for each species located throughout the survey area.

Analysis was also conducted of the distribution of seabirds (guillemot, razorbill, puffin, kittiwake
and herring gull) within the wind farm, comparing the observed bird densities around turbines with
randomised alternativeturbine locations, to determine i the observed bird locations are related
to turbine locations. Seabird distributions can show considerable variation between years, which
can confound between year comparisons, but a key strength of the method developed for this
analysis is that it does @t rely on between year comparisons, thereby avoiding such effects. The
results of this analysis, which took rotor speed into account and were conducted independently
on the data from both postconstruction years (2019 and 2021), showed that these spediigsnot
avoid turbines, irrespective of the turbine operational statushfwever, confidence in this
conclusion is lower fotherring gullsas very fewwere recorded in the wind farm).

Overall, the only species which appears to have responded negativelyhe wind farm is gannet,

xEOE OAAOAAA AAOT AAT AA ET OEA OEAETEOU 1 &£ OEA
foraging range and wide range of prey species) means connected populations are unlikely to be
affected by such avoidance behaviouFor the remaining species, which are qualifying features of

the large seabird breeding colonies within the East Caithness Cliffs SPA, the results show that the
wind farm is very unlikely to have had any detrimental effects on their populations.
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1 INTRODUCTION

The Beatrice Offshore Wind Farm is located in the Moray Firth, at its closest kB 15rom the
Caithness coastFigure 2-1). Construction ofthe offshore elements began inApril 2017the first
turbine was installed and operational by July 2018 and the final turbine was installed on tie 14
May 2019.

The potential ornithological impacts which were considered of greatest concern during the
application process were collision risk to large gulls (great blatlacked gull and herring gull) and
displacement of foraging auks (guillemots, razorbills and puffins). All these species breed at
colonies which comprise the East Caithness Cliffs SPA and some of thisipiresent at the Wind
Farmduring the breeding season artikely to be from this SPA population. Through discussion with
the Moray Firth Regional Advisory Group Ornithology Subgroup (MFR®&3; the potential for the
above impacts to affect these breeding gpulations was identified as the focus of ornithological
monitoring for the Wind Farm.

A survey area approximately rectangularin shape aligned parallel to theCaithnesscoast, was
defined and surveyed in 2015 to provide poenstruction data. The surveydollow transects
extending from the Caithness coast to 4«m beyond the seaward edge of the Wind Farm site
boundarywhich measure approximately 40km from north-east to southwest (Figure2-1).

In 2019, following installation of all turbines, the first postonstruction survey was conductedThe
results from the first year of monitoring were reported in MacArthur Green (2021) 2021 a second
year of postconstruction monitoring surveys was undertaken. In both case®d same survey
design and aerial survey contractor (HiDef)ave used to ensure data comparability.

This report provides results from the 2021 surveys and compariseiith the results from both the
pre-construction surveys(2015)and the year one postonstruction surveys(2019) Thus the
purpose of this monitoring report was two-fold: a second year of comparisons with the pre
construction results and a comparisometween the two years of postconstruction monitoring.
These pairwise comparisons allow consideration of whether changes in seabird distribution
following wind farm construction are consistent.

All seabirdswere recorded during the surveys, however the targst for monitoring (hereafter,
focal species)agreed by MFRAGD were great blackbacked gull, herring gull, puffin, common
guillemot, razorbill, kittiwake and gannet. Thereforghis report only discusses thesspecies.

The primary aims of the aerial survewsoriginally definedare:

1 To collect seabird distribution data during the breeding season to enable comparisons of
seabird abundance distributions before and after construction and estimate the
magnitude (if any) of displacement resulting from avoidancef the Wind Farm (with a
particular emphasis on puffin);

1 Estimate the extent of connectivity between the Wind Farm and the East Caithness Cliffs
SPA through analysis of flight directions; and

1 Investigate the robustness of flight heights calculated fromigital aerial data.
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The aerial survey data are most suitable for considering spatial distributions and therefore most of
the analyes and reporting presented here focus on this element of potential wind farm impacts.

Two independent analyses have been conducted. The first aspatial models to compare the
before (pre-construction) and after (postconstruction) distributions using theMRSea R package
(Scott-Haywardet al 2013) With the two years of postconstruction datanow available this has
been extended to include a comparison of the distributions in the two posbnstruction periods
(2019 and 2021as well as a second prand post-comparison(2015 and 2021T hus, the following
spatial analyses of the whole survey areae presented:

1 Preconstruction (2015)vs postconstruction year 1(2019;NB, these were also presented
in MacArthur Green 2021)

1 Preconstruction (2015)vs pog-construction year 22021)
1 Postconstruction year 2019)vs postconstruction year 22021)

To simplify notation, themonitored yearswill be referred as pre, posiL and pos® in this report.

The secondanalysis methoduses a bespoke turbine avoidance method, developed specifically for
this monitoring study. This method, focused on data collected within the wind farm area itself,
compares the observed range of seabirddensities aroundturbines with those that might be
observed by chance. This provides an indication whether birds are either avoiding, or attracted
to, the turbines.One of the strengths of this analysis is thatgsauseit is not based orbefore-after
comparisons {n contrast with the spatial analysis descréx above), the results are not affected by
potential inter-annual variations.

The analysis was trialed with the preonstruction data, howeversince there were no structures
for birds to react to at that timethis could only consider if the method was exqrted to work (i.e.
would be able to detect turbine avoidance if present)The method was used for the first time for
data collected at an operational wind farm in theralysis of theyear 1post-construction data
(MacArthur Green 2021). The results proed strong indications that the species assessedhich
were those present in the wind farm in sufficient numbers to be analyséduillemot, razorbill,
puffin, kittiwake and herring gull) showed little evidence of negative spatial responssg to the
turbines, with distributions no different from those expected by chancegndin some caseshere
were suggestions of a preference foareas closer to turbines). This report provides a second year
of this analysis using the same methodBollowing minor revisions to the methods toimprove the
precision and accuracy of thdensities calculatedrom the aerial survey imageshe data collected
in 2019 have been ranalysed and are providedlongside the 2021 results

2 METHODS

The area of interest for surveying was ideified as a region extending from the East Caithness
coast to beyond the eastern Wind Farm boundary and extending to the nowthst and southwest
beyond the limits of the WindFarm(Figure2-1). Following discussions with MFRAG the finalised
design of the aerial surveys was submitted to Marine Scotland on 29th May 2015 (Doc Ref:
LFO00005SOWO05). Following the successful use of ik survey designfor the pre-construction
surveys this design was used for the posbnstruction surveys in 201@MacArthur Green 2021) and
2021 the resultsfrom the latter surveys being the focusf the current report.
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post- construction aerial survey area

== LNF [T T, ™" oM
™ 061062023 |

TR o
[ weses i UTMION

e
Beatrice

Figure 2-1. Survey area (light blue boundary) for aerial survey coverage of the
Beatrice Offshore Wind Farm and the region of sea between the Wind Farm and the
Caithness coast. Transects shown igreen/blue (as they cross the 2km buffer) Wind
Farm boundary Golid red), 2 km buffer (dashed red and turbine locations (black

dots) shown. The 2km seaward extension of the East Caithness Cliffs SPA also shown
(dark blue shading).

The survey areaneasules approximately 40 km southwest to north-east and 26km to 30 km
north-west to south-eastwith 16 transects orientecapproximately perpendicular to the coasiand
strictly parallel to each other The seaward boundary followa 4 km buffer from the Wind Farm
boundary to match the site charaarisation boat survey buffer. Thdransects which cross the
Wind Farm were aligned to ensure that alternate ones crossed rows of turbines, with spacing of
the remaining transects taken from this requirement. Hence theansectsare separated by 2.&km,
andare between 24.2 and 31Km in length, giving a total transect length of 456m. Approximately
60 km of this crosses the Wind Farm area (i.e. the area within the red line boundary shown in
(Figure 2-1and Figure 2-2). All surveys have beeronducted by HiDef using high definition video
cameras which record datecontinuously, generating strip transect datawith the entire area
surveyed within a single day on each occasiddse of the same contractor ensured the datasets
were comparable for analysis.

HiDef utilise up to four cameras mounted in parallel to give atal transect width of up to 500m

(125m for each camerg). For transects within the Wind Farnand 2 km buffer area data were

DOl OEAAA &£O0Ti1 A1l &£ 00 AAi AOAOh CEOET ¢ A AT OAOAC
data were used for the turbire avoidance analysis. For the remainder of the survey aréata were

provided from the two central cameras (250 qQh CEOET ¢ AT OAOACA 1T &£ zIPb
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ET OAT OE Onie hpDitigbAtytdrgexts were positioned so that alternate ones crossews
of planned (in 2015) and subsequently constructetdirbine locations (Figure 2-2). The total area
surveyed was approximately 1,142, within which the wind farmarea plus buffer covers an area
of 383km?and the wind farm covers an area of 18>

Legend
e  Turbine Locations

Beatrice Offshore Wind
Farm

"% 2km Buffer

I East Caithness Cliffs SPA

{-_:-_-_'E Survey Area

High Intensity Transects

Standard Intensity
Transects

—— High Water

Figure 2 - Beatrice post- construction aerial
survey area: detailed view of transects
and turbine locations
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Figure 2-2. Detail of transects for aerial surveys over the Beatrice Wind Farm showing
transect alignment in relation to turbine rows. Transects shown ingreen/blue (as

they cross the 2km buffer), Wind Farm boundary éolid red), 2 km buffer (dashed red)
and turbine locations (black dots) shown. The 2km seaward extension of the East
Caithness Cliffs SPA also show(dark blue shading).

Following image processing and transcription by HiD#fe data collected during each survey were
supplied as spreadsheets and GIS shapefiles. Each bird observed was identified using a hierarchical
classification, down to species levalherever possible, with an associated confidence level. The
following data were supplied following the surveys

i Locations for allindividuals observedand,

9 Flight heights for selected species (great bladkacked gull, herring gull, gannet and
kittiwake).

Additional data which were collected include behaviour (e.g. flying, sitting, etc.), age and sex (if
possible).

2.1 Data analysis

The survey data were categorised spatiallpif different aspects of the analysiinto the following
regions.

ﬁ MacArthur
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1 Total survey areg this was the entire survey region within the survey boundary (i.e. 1,142
km?) making use of the standard intensity survey data;

1 Wind Farm and &m buffer z this was the area within the &m buffer of the Wind Farm and
used the high intensity survey data;

1 Wind Farm and 500n buffer z this was a subset of the Wind Farm andgh (high intensity)
data; and

1 Wind Farng this was the area within the Wind Farm site boundary only.

Data analysis was split into the flowing components:

1. Assessment of the2021distribution and abundance of great blackacked gull, herring gull,
puffin, common guillemot, razorbill, kittiwake and gannet across the entire surveyed area
using the standard intensity data. Birds on the watand in flight were analysed separately;
spatial models were used for birds on the water (if seen in sufficient numbers), permitting
the use of explanatory variables to improve model precision; birds seen in lower numbers
(on the water) and birds recordedr flight were analysed using desighased methods
(further details are provided below). Spatial modelling outputs were used to generate
density surface maps for the total survey area and estimates of the population abundance
in the total survey area and tb Wind Farm area,;

2. Comparison of thepre-construction and post-construction (post-1 and post-2) model
distributions using MRSealhree comparisons are provided:

a. Preand postl these were presented previously in MacArthur Green 2021
b. Pre and post;and
c. Postland post2.

3. For each analysis, théwo datasets in question were combined and modelled with
explanatory covariates (as above) and additional factor covariates of survey number and
impact (defined as before/after the wind farnor year 1 and year 2 for the posbnstruction
analysig. To test for a redistribution effect an interaction term for impact and spatial
location was included. Outputs from the models are provided as difference surfaces (i.e.
the spatially explicit diffeeence in abundance for the before and after surveys)

4. Analysis ofseabird distributions within the Wind Farm and 500n buffer in relation to
planned turbine locations. A method to assess within Wind Farm avoidance of turbines was
developed using these datand the results of this approach are included (note that this
aspect was focused on the potential to detect displacement of foraging birds from areas
around turbine bases rather than estimation otollisionavoidance rates)and,

5. Analysis of flight heightdata for collision risk species (great bladkacked gull, herring gull,
kittiwake and gannet), to explore relationships between height and proximity to the
turbines.

2.2 Spatial modelling and desigrbased analysis of birds on the water

The distributions of tre focal species across the survey area were analysed using the MRSea
Package for R, developed by Scaftayward et al. (2013. This package was developed under

ﬁ MacArthur
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contract to Marine Scotland for analysis of data collected for marine renewable developments and
is therefore directly applicabldo the current study.

Spatial modelling permitsthe use ofexplanatory variables to be included in the analysis to identify
significant relationships between the variables and the recorded distributions. Any significant
covariates identified can then be usedo predict distributions in areas not surveyed, either
between transects or to areas beyond the surveyed area (in the current analysis only the former
was undertaken). Thus, the observations made along transects caruised to estimate the density
between transectsand thereby to derive predictive maps and abundance estimates for the whole
survey area

Spatial analysis was conducted using only birds recorded on the sea surfao®ethe explanatory

covariateswere seleted on the basis of potentiatelationships with foraging locations and hence
these would not be expected to show strong correlations with the distribution of flying birds
(particularly auks) Analysis of the density and abundance of flying birds was camtied separately
(seeSection2.3.

The candidate covariates used in the analysis were sea de(atbtained from EMODnet13/12/2019)
and distance to coast together with a spatialterm (a combined xy position), which captures
additional spatial patterns not explained by the other covariate§ o conduct this analysis the
transect data were divided into 500m long segments Segment width for analysis of the total
surveyarea was 250n, and for the data collected on the Wind Farm andken buffer was 500m.
Covariate values for use in the modelling (e.g. distance to coast and depth) were obtained for the
midpoint of each segment The depth value was the average value fdng 90x90m cell in which
the segment midpoint was located.

Spatial model fitting followed the methods set out irBcott-Haywardet al.(2013)To generate maps
of spatial distributions, each survey was analysed independently, using the smootlxedspatial
term with depth and minimum distance to coast as additive termsThe MRSea functions
automatically test relationships and retain only signiimt covariates in the final model. The
outputs from these models are provided primarily for illustration.

If modelling was unsuccessfu(i.e. the model failed to converge usually due to sample size
limitations) for a particular species on a survey, maps$ the observed bird locations are provided
without an underlying density surface.

To test for a Wind Farm effect the data froreach pair of beforeafter years 01%2019and 2015

2021)were analysedwith the inclusion ofawind farm term (0/1) included a a categorical variable

The two postconstruction years (2012021) were also compared, wth@UAA 08 OAOI OOAA
of wind farm. To accommodate autocorrelation (e.g. along transects) a blocking structure was
included in the analysisThis was a coiposite of survey ID (1 to 6) and transect ID (1 to 16) and
allowed for spatial and temporal autocorrelatiorand also for testing for influential blocks within

the data.

The initial model formulation was as follows:

y ~wind farm + s(depth) + s(disto.coast) + s(xy, wind farm)

with only significantterms (at p <0.05) retained in the final model.

ﬁ MacArthur

Green 10|Page




Beatrice OWFYear2 Postconstruction Ornithology Monitoring 2@1

As well aswind farm (0/1) this model includedsmoothed, one-dimensional terms for depth and
distance to coast,a two dimensionalspatial smoothterm (x,y) and an interaction between the
spatial smoother andwind farm (or year)to test for a redistribution effect (i.e. rather than simply
an overall change in nonber). It is not possible to determine fronthe model coefficientswhat the
spatial nature of the changes are. Thus, while a significant interaction between thiad farm and
spatial terms indicates a beforafter re-distribution effect, this does not onis own indicate where
the changehas occurred. Twisualisethe changes to the spatial distribution, the models were used
to make predictions across a grid of cells covering the study aréa ensure the outputs are robust,
MRSea employs a bootstrap routi, thereby incorporating parameter uncertainty. The median
differences between the pre- and post surfaces were plotted as map which indicate where
changes in distribution have occurred. Cells whittave changed significantlyare identified with
symbolsthat also denoted the direction of changeifcreaseor decrease in abundande

The gatially explicit abundancepredictions were made across a prediction grid of 50t cells
covering the entire survey areaeach cell of which had aovariate parameter value for depth,
distance to coast and the spatial ternfi.e. coordinate) The abundance of each specida any
spatial subset of cells was obtained by summing the cells within that region (e.g. those in the Wind
Farm). By including covariate vaés for thewind farm and survey number terms in the model, the
abundance for all combinations of survey anaind farm could alsobe obtained.

Comparison ofthe valuespredicted in eachcell, for example ofthe pre and post datasetsallows
spatially expicit differences to be derived (i.e. subtracting one from the other to obtain cell by cell
differences).

To check the extent to which the beforeafter results were influenced by individual surveys the
runinfluencefunction in MRSea was used to obtain theovratio and press statistics. The summary
results are provided in the rsults section with the plotted outputs in ANNEX E

While the spatial modelling repeatedand updated the preconstruction analysis originally
presented in BOWI(2018§, it should be noted that in some cases the pmmnstruction abundances
derived from the spatial models presented in the current report diffeslightly from those in the
pre-construction report. This is a result of methodological revisions (e.g. to the M&Slibrary),
changes in the orientation of the grid of prediction cells used and the consequent small changes in
some of the covariate estimates (SeANNEX Aor a comparison of abundance estimates).

In addition tospatial modelling the abundances of birdsin the survey area and the wind farm were
calculatedin each year using desighased methods Although designbased estimates are less
robust than modekbased mes, for species observed in smaller numbers it was not possible to
successfully fit models and thereforét was necessary to uselesignbased methodsto obtain
abundance estimates To derive an estimate of the uncertainty around the desidrased
abundances, each transectwas splitinto 500m segmentswvhich were resampled1,000 timesusing

a bootstrap method. From the resulting, resampled dataset th85% confidence intervalaere
obtained. As thismethod has been repeatechere for previous yearsthe results presented differ
slightly compared with those in previous monitoring reposd.

For those species for which availability bias may lead to underestimation of absolute abundance
(e.g. diving species such as auks), abundance estimates can be multifdiedorrection factors to
obtain an estimate of the total abundance allowing for birds which were underwater when the
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images wererecorded. This is useful for comparisons with previous estimatasd sites elsewhere
(assuming those have also been correctddr potential bias), however sincethe correction factor
isapplied asa constant rate for each species, there is no benefit in terms of comparing distributions
between surveysor between the spatial modelling and desighased estimates Correction factors
for guillemot, razorbill and puffin were takenfrom Thaxter et al (2010) and Burtoret al. (2013).
The values used were: guillemot, 1.237; razorbill, 1.174; puffin, 1NAt2. that these adjustments
were only made to the desigmased abundance estimategas it was considered less appropriate
to adjust the modetbased ones), and therefore partly explain differences between the two sets of
abundance estimates for these species.

2.3 Abundance of birds in flight

The abundance of birds in flight was estimated ugj designbased methods, with the density of
birds in each transect calculated as the number observed divided by the area surveyed. To estimate
abundance across the total survey area the standard intensity data were used, while for the
estimated abundancen the Wind Farm area the high intensity data were used, thereby maximising
use of the data. The average density across transects was multiplied by the relevant area to obtain
estimates of the abundance of birds in flighfThe locations recorded on each suey were plotted

and are provided inPANNEX B

2.4 Seabirddistributions in relation to turbine locations

The high intensity datafrom the post-construction surveyswere analysedusing the method
developed to investigate within wind farm seabird distributions.For each species (guillemot,
puffin, razorbill, kittiwvake and herring gull; note that there were insufficient observations tiin
the wind farm for gannet or great blaclkbacked gull) he analysisused the locations of each
observed individualithin 400 m of turbines.

The analysis was focused on seabird usagfehabitat within the wind farm. Therefore, since birds
recorded in fight may have been passing through the wind farm, rather than utilizing the area,
only birds recorded on the sea surface were included in the analysis

To reduce glare from the sun in the recorded imagery the cameras used by HiDef are pointed
forwards (or backwards, depending on the flight direction relative to the sun) at an angle of 30°
from the vertical. Thisintroduces an offsetin the estimated bird locations relative to the plané O
location. Since the observation data includgturbine positions (i.e turbineswere reported in the
same manner as birg), it was possible to calculatetie average offset distancéalongthe transect
line) usingthe actual turbine locationsas reference points The part of the turbine observed was
not recorded in the data, but could include a rotor blade or the tower, and therefore the distance
AAOxAAT OEA O Gedadinihdsirve) da@Br@ Fhé dctual turbine (tower) position
varied between obsevations. The offsetwas estimated to be an average d@9.7m (s.d. 25.5mjn

the 2019 data and 53m (s.d. 18.9mjn the 2021 data. Themean offsetvalues weresubtracted from

the bird locationsin each year of datgorior to running theturbine avoidance aalysis

The density of birds withinnested 100m radius circles0:100,0-200, 0-300 and 0-400m) around
eachturbine was calculated to provide the observed estimates. The turbines were then randomly
relocated, using the same x and y offset values for alrbines (i.e. all turbines are movedbr this
calculationby the same distance and in the same directioahd the densities recalculated. The x
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and y turbine offset values were selected from uniform distributionsyithin a range of +510 m (x)

and +/550m (y), with an angular offset toensure therandom locationsgenerated by this method
were within adjacent parallelograms around each turbine locatidisee Figure2-3). Thisapproach
ensured turbines were relocated within discrete parallelogramsip to half the distance to the next
turbine. To avoid bias in the dengits estimated around randomised turbine psitions which fll

partially or completelyoutside the areas covered by the transect data (i.e. regiof@a which no

aerial datawere collected), the area of eachcircle used to calculate density waadjusted to only
include the portion which overlapped he transects.As this aspect was omitted in the post
analysis(MacArthur Green 2021the data for that year have been r@nalysed andare presented
with this adjustment incorporatedin ANNEX G

65465000 —

6460000 —

Northing

6455000

6450000 —

T I T T
500000 505000 510000 515000

Easting

Figure 2-3. Illustration of randomised turbine positions used in the turbine avoidance
analysis. Each coloured parallelograntontains 1,000 dots, each one aingle
realization of the randomized turbine location around the actual turbine locations

(black dots).

Two sets of analysis wereconduOAA A1 O AAAE UAAO8O AAOAOGAO8 4EA
six surveys within each postonstruction dataset, on the assumption that bird responses to

turbines were consistent irrespective of the survey or turbine operatiastatus. For the secondthe

data collected in each year were divided into subselmsed onturbine RPM (revolutions per

minute), in order to investigate for any variations in density around turbines in relation to their
operation. Each bird observation was assigned the RPM \aluom the nearest turbine recorded

at the closest time(to the nearest 10 minutes) The turbine avoidance analysis was run éour

RPM datasubsets:

T <25

YIn MacArthurGreen (2021}he data were divided into five categories, @, 24, 46, 68, 8+, which hae been
reduced to the fourdiscussed in this reporto improve clarity.
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 >=25& <5.0,
1 >=5.0&<7.5and
1 >=7.5&<12

2.5 Flight heights

HiDefprovided sizebased flight heightestimates, derived by comparing the body length of birds
observed on the surveys withhaseline body length informationobtained and analysed by HiDef
from surveys conducted across multiple sites. The baseline data, containing wisateferred to
hereafter as khown height body lengths have beenmeasured from birds that show reflectioron
the sea surface, which calculation has shown to comprise only birds withim ®f the sea surface

The body lengtls of birds recorded during the arveys weremeasuredin the same wayduring
processing ofthe reflection data, with the maximum bird length (across multiple frames) used as
the value for that record For each maximumbody length, a range of possible heiglst was
calculated using the uppeand lower 95%o0dy lengthsof the known height birds.

The minimum height of each record is calculated using the equation:
Bird height=Aeroplane heightx (1- (I min/ls max)

Where:
I min = lower 95% CI of birds with reflection; and,
Is max= maximum length of the bird from available frames.

The maximum height of each record is calculated using the equation:
Bird height= Aeroplane heightx (1- (I max/ls may)

Where:
Ir max = upper 95% CI of birds with reflection

Thisprovided a minimum and maximum heightvalue for each individualln some cases, for birds
recorded close to the sea surface, this calculation resedtin an estimate of height less than sea
level, due to uncertaintiesn the body length measurementsThese birds were assigned a height
of zero, on the basis that they were definitely below rotor height but could not be assigned a
reliable estimate.While inclusion of thesein estimates of flight height would clearly biaghe
results, they could be included in estimates of the proportions at and below rotor height. Thus,
height was analysed as a binomial response variable with respect to the lower rotor tip height (32.7
m; below/above), using the maximum estimated value (including the zero values as noted above
in the below category). Data were filtered on distance from shore (selecting birds the same
distance offshore as the wind farm) with inside/outside the wind farnsaan explanatory variable.

It should be stressed however that estimates of bird flight height calculated from aerial imagery in
the manner described include a large degree of uncertainty, due to several sources of potential
error (e.g. the orientation of the bird relative to the camera, the comparatively small size of the
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bird image) andthis is evidenced by negative height estimates (i.below sea level). Thus, the
height data should be considered to provide a guide rather than definitive estimates.

3 RESUILS

3.1 Surveys

The survey design was based @ix evenly spacedurveyswith two in each of May, June and July.
In each year, although six surveys have been conductegeather conditionshave prevented the
even spacing of surveys across the period. Thirspoth 2015and 2019 only one survegould be
completed in May. In 2015 an additionalurvey was conducted in the first week of August (in
agreement with MFRAGD) and in 2019 an extra survey was completed in June (i.e. there were
three surveys in that month).In 2021, two surveys were successfully completed in May and June,
but only one was conducted in July, with the final one taking place at the beginning of August.

Thedates of thesix surveysin each year are provided imable3-1

Table 3-1. Survey dates, start and end timesn 2015, 2019 and 2021

Date e Date e Date e
1 30/052015 | 17:43% 20:12 | 28/052019| 10:49z 12:22 | 22/052021 | 10:057 12:53
2 10/062015 | 09:40z12:09 | 10/062019 | 11:09 12:27 | 31/032021 | 08:35z711:04
3 29/06/2015 | 13:1& 15:48 | 22/062019 | 10:52% 12:13 | 08/06/2021| 08:217 11:01
4 15/072015 | 10:28713:19 | 29/06/2019| 10:25 11:48 | 20/06/2021| 08:15¢ 10:46
5 22/072015 | 08:107 11:25 | 19/072019 | 08:167 09:49 | 01/072021 | 08:567 11:30
6 05/08/2015 | 09:31z 11:58 | 25/072019 | 11:5% 13:26 | 04/08/2021| 07:357 10:13

As can be seen ifable3-], the 2021surveys were conduted between 0730 and13®. Breeding
seabird activity levels may vary through the day, aiitds therefore possible that these swey times
omitted peaks in activity (e.g. if these occur around dawn and dusk). However, not all seabirds
appear to exhibit marked variations during the day (e.g. Furness et al. 2018 reported relatively
constant levels of gannet activity throughout the dayand indeed recording average levels (e.qg.
during the middle of the day) could be considered more appropriate for characterizing usage
levels. There was also considerable betweesurvey variation in seabird abundance, despite the
surveys having been flowrat similar times, suggesting that factors other than time of day are also
important in determining activity levels(e.g. factors such astide state might influence activity
patterns). In addition, given the remote location of the wind farm itis also important to
acknowledge thatpractical aspects need to be considered (e.geriods of suitable weather and in
accordance with safe flying practicds and thesealso imposelimits on when aurveys can be
undertaken.

I OEA OOOOAU A
16 AOA DPOT OE

T 0 ARO OAAI

AT 616 T & OEA E
i OAI

j O&F UET ¢6Qq AT A Téble32AET AA

AEA OAx
£l ECEO
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Table 3-2. Raw counts of birds recordedi T OEA OAA j OOEOOEI
AT T AET A AonjeécA burv@ydin 2021The first value in each cell is the number

recorded in the whole survey area and the second value is the number recorded in the
wind farm.

ET £l

Raw counts in survey area / wind farwn each survey

Species | Observation — > . —4‘ -
All 16/0 83/3 76 /5 24 /0 20/0 18/1
Gannet Sitting 5/0 53/0 43174 2/0 4/0 14 /1
Flying 11/0 30/3 33/1 22/0 16/0 4/0
All 7022 /345 13625/95 13378/938 4524 /261 6270/275 3246/691
Guillemot | Sitting 6665 /331 13234 /73 12527/81] 3504/113 5140/180 3232/691
Flying 357 14 391/ 22 851/12] 1020/148 1130/95 14/0
All 668 /14 740/ 14 2446 /216 628/170 1129/18; 1049/ 252
Kittiwake | Sitting 141/0 239/0| 1478/10% 43/ 35 618 /130 441/149
Flying 527 /14 501/14 968 /111 585/135 511/52 608/103
All 100/4 27412 312/ 14 142/ 3 202/6| 1889/87
Puffin Sitting 98/4 267/2 309/13 116/ 3 190/6| 1885/87
Flying 2/0 7/0 3/1 26/0 12/0 4/0
All 621 /45 517 /4 704 /83| 1009/ 36 481/ 32 397/ 63
Razorbill | Sitting 571/42 505/3 662 / 80 765 /23 370/ 23 395/62
Flying 50/3 12/1 42 /3 244/ 13 111/¢ 2/1
All 30/1 50/1 174/ 1C 104 /15 163/ 14 23/1
;‘;{””9 Sitting 6/0 11/0 6410 710 612 9/0
Flying 2411 39/1 110/ 1( 97 /15 157/ 12 14/1
Great All 12/1 15/0 13/0 10/1 10/0 21/9
E:‘;id Sitting 2/0 9/0 5/0 3/0 2/0 11/8
gull Flying 10/1 6/0 8/0 711 8/0 10/1
3.2 Spatial modelling and desigrbased analysis obirds on the water

To obtain modetbasedestimates of AAAE OP A A E Aidthie 2024 Qutveyd, Wherk possible
the data for each survey \wre analysed independently in order to avoid outputs being constrained
by the need to fita shared modeko distributions that vary between surveys(this is achieved by
inclusion of an interaction between survey and spatial smootheHowever, flexible models of this
type require a reasonably high number of records in each survey, and there were insufficient data
for gannet, herring gulland great blackbacked gullto be able tofit these flexible models. For
gannet and herring gull it was possible to fit models averaged over all survegysnsequentlythese
share the same spatial distributiorbut different cell valuesin each month (i.e. omitting the
interaction term makes these a form of additive model)For great blackbacked gull it was not

possible to fit even these simplified models and therefore &n designbased estimates are
presented.
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The predicted population abundances from the bedit models are provided inTable3-3 and for
comparison the desigrbased popuation estimates are provided irmable3-4. The figures for 2015
and 2019 are those previously presented (MacArthur Green 2021).

Figures3-1to 3-7 provide the fitted density surfacedor 2021where these were obtained, with the
observation locations indicated, or just plain figures with the observation locations for less
abundant species.
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Table 3-3. Model-derived population abundance estimatesof numbers of birds on the waterin the total survey area(shaded)and within
the Wind Farm boundary for each species in each survap 2015 2019and 2021 %1 OOEA O | A& ARAl AXEEAOAEOAD ET OOAT AAO x

sample sizes prevented model fittingor unreliable estimates were obtained due to edge effectsValues for 2015nd 2019taken from
MacArthur Green (2021).

. . Population abundance on each survey
Species Year | Region 1 9 3 4 5

Total survey  174.1 (68-60.1) 461 (144.2663.8) 708.6 (253.7|  182.6 (53.6735.1) 17.5 (488.8) 8.9 (1.299.7) 209
2015 | area 2304.5)
Wind Farm 56.4 (25.7135.6) 149.3(58.6382.4) | 229.4 (77.%97.2)|  59.1 (20.269.8) 5.7 (1.95.4) 2.9 (0.423) 229
Total survey 49 (11.231.5) 397.5 (116:2146.7) 19.9 (4.200.5) 20 (3.8128.9)  49.9 (15.5190.9) 159.3 (45713.7) 297
Gannet 2019 | area
Wind Farm 15.9 (4.54.5) | 128.746.5428.4) 6.4 (1.423) 6.5 (1.332.7) 16.2 (5.51.6),  51.6 (16.279.9) 129
Total survey| 49.6 (11.£40120.8) 481.9 (102.4 397.5 (1377 19.8 (4.1182568.9) 39.5 (10.4 109.3 (39.2 482
2021 | area 862301.4) 1436425.8) 209743.2) 564645.1)
Wind Farm 2.4 (0.612.9) 23.1 (8.75.6) 19.1 (6.468.9) 0.9 (0.25.4) 1.9 (0.48.9) 5.2 (1.919.2) 23
Total survey|  39760.1 (20689:1 36561 (202895  15487.5 (78062  51036.9 (18376:3 7642.7(2917.3 40635 (25313 o1 1o
015 | 2r€d 79196.5) 67384) 33179.9) 181745.8 22387.1) 6572.3) '
Wind Earm 5819.9 (3862.2 1421.2 (726: 2060.1 (6711 70159 (2874-1 1452 (597.81140)| 902.2 (57143715) .
8494.5) 3277.2) 5699.7) 18580.8) '
Total survey  25525.313044.3 86819.9 (510485  54556.2 (264817  41419.2 (27175.  25857.3 (146391 9845 (4332 | oo oo
cuilemor | 2019 | 278 55685.9) 154260.6) 124613 65578.8) 51179.3 28441.8) :
ulliemo
. 987.6 (378.33829) 10859 (6527 4129.7 (25605 2768 (1756172.8) 1306.5824.1 | 456.8 (206.11152.6)
Wind Farm 19028.2) 7088.9) 2301.7) 10,859
Total survey  57446.7 (29897.8|  103710.1 (57252 100231.4 (56583:9  27498.4 (15573.]1 41069.4 (23598.4 20977.3 (12853 00 511
Jopy | € 110798.1) 256659.4) 195453.6) 52030.5) 79192.6) 39792.5) :
Wind Earm 2340.5 (11516  33.6 (2.31610.2)  6683.2 (2705.7| 578.8 (2661857.8) 1256.9 (628.5 55714 (35491 oo
4724.4) 17434.8) 3000.3) 9810.7) '
Total survey  1443.4 (240.6nf.) 3639.1 (10062 3376 (12874 3707.413007 | 1666.9 (665.7Inf) | 352.2 (119:20941) ...
» area 18202.8) 42182.8) 14844.8) :
Kitiwake | 2015 37.7 (4.7nf) | 246.8 (41.91796.3 62.5 (17.8292 1290.7 (468.6| 174 (49.532.6 63.1 (22.273.7
Wind Earm 7 (4.7nf) 8 (41.91796.3) 5 (17.8292) 7 (468. (49.532.6) 1(22.273.7) 1201
5478.9)
M&CAT”’IUF 18|Page
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Population abundance on each survey

1 2 3 4 5 6
Total survey 716.7 (2248 4610.2(1247.5 3394.1 (1572-5 3910.3 (15909 2176.3 (5737 1440.1 (456:1 4610
60 area 3084.7) 25631.6) 9227.7) 12892.6) 10062.3) 11148.5) '
Wind Earm 15 (2.3108.3) | 1648.4 (45%363.4) 1005.4 (498 | 304.6 (76.61224.4)] 353.4 (91.2729.7), 148.3 (46.7476.5) 1,648
2368.6)
Total survey 1207.5 (222:6 1738.5 (694.6 14774.3 (7472:4 82.9 (21.538.7) 4651.1 (1247-¢ 1855.3 (687.9 14.774
20l area 492192.1) 15707) 87620.8) 21249.6) 6611.1) '
Wind Farm 0.1 (G83034) 0.1 (682.1)| 509.7 (56.74656.8) 0.7 (049) 294.1(53.11483.8) 873.9 (338.6 874
2206.5)
Total survey 1960 (1045.3 1409.8 (709.4 | 479.3 (274.8B94.5) 532.2 (307.8 214 (68.22470.4) 3133.1 (184%.. 3133
i area 3909.2) 2834.9) 1506.8) 5478.7) '
Wind Farm 193.2 (92.890.7) 72.9(23.8176.2) 19.8 (6.569.8) 2.7 (0.2135.2) 2.6 (0.11017.9) 1027.5 (677-1 1,027
1489.5)
Total survey| 335.7 (132:875.7)| 1170.6 (703:2115.3) 523.3 (252-3167) 520.6 (274.971.1)) 310.5(128:826.9) | 509.7 (279.% Inf.) 1171
Puffin 2019 | area )
Wind Farm 16.8 (5.664.2) 38.7 (16.95) 15.6 (4.%7.2) 2.8 (0.515.6) 9.9 (2.351.5) 0.1 (0z Inf.) 39
Total survey| 949.8 (5141859.8) 2339.9 (1231:€ 2652.2 (1724-3 1100.8 (642158.1 1792.5 (95056 16577.811109.9 16.578
S0 area 5257.4) 4173.7) 3388.2) 24826.5) ’
Wind Farm 54 (27.1119.1) 43.3 (19.8110.3) 70.3 (33158.5) 22.9 (1148.7) 37.7 (15.87.6) 959.6 (668.7 960
1381.7)
Total survey| 817.8 (378.1807.1) 2034.5 (1068.4 3527.9(2435.7 1674.8 (710:3 37.7 (1594.8) 9.6 (1.680.9) 3528
2015 | area 3815.1) 5279.5) 3628.8) ’
Wind Farm 49.3 (20.6107.9) 122.6 (62.222.1) 212.6 (146:295.3) 100.9 (44.2219.9) 2.3(0.95.7) 0.6 (0.14.9) 213
Total survey 2048(1167.7 10407.7 (69576 4197.7 (28877 11246.8 (8048-7| 3631.8 (2419:3716) 1289.6 (568.9 11.249
Razorbill 2019 | area 3514.6) 16843.1) 6092.9) 16336.4) 3499.7) ’
Wind Farm 123.4 (74.224.7)| 627.3 (426.8963.7) 253 (171878.9) | 677.8 (486.8967.7) | 218.9(143.6365.1) 77.7 (34.6216.6) 678
Total survey 4987.9 (2798.8 4358.3 (2008.2 4644.9 (2909.3 6395.4 (3793.4 2963.3 (15376 3050.7 (1665.9 6.395
2021 | area 9588.9) 12375.6) 79160) 11204.6) 5890.5) 5929.1) ’
Wind Farm 90.9 (47.3191.1) 5.3(1.223.6) | 308.4 (178.4692.6) 138.4 (70.8270.3) 116.9 (58.286.5) | 454.2 (262.827.5) 454
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Year

Total survey

Population abundance on each survey

Beatrice OWFEFYear2 Postconstruction Ornithology Monitoring 221

4

127.5 (36.833)

area 127
Great 2019
black- Wind Farm - - - 1 (0.310.8) - - 1
backed Total survey - - - - - - )
gull 2021 | area
Wind Farm - - - - - - -
Total survey - 5072.8 (13388 804.8 (260.8 | 533 (207.22030.8) - - 5073
0iE area 19979.2) 3554.7) ’
. - 1298.2 (3837 39.4 (8.9231.5 12 (2.212.4 - -
Herring Wind Farm 4531 9) ( ) ( ) 1,298
ull :
2 Total survey 57.8(14.5251.4) 103 (24.%13.4) 627.1 (249.3 67.2 (17.231) 38.7 (10.4146.3)  76.8 (16.5556.4) s
2021 | area 2040.5)
Wind Farm 0 (0-0.8) 0.1 (61.1) 0.5 (0.14.3) 0.1 (60.5) 0 (00.4) 0.1 (61.1) 0.5
M&CATthUT 20|Page
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Table 3-4. Design-based population abundance estimategand 95% confidence intervals)n the total survey area and within the Wind

Beatrice OWFEFYear2 Postconstruction Ornithology Monitoring 221

Farm boundary for each species in each surveiyn 2015 2019and 2021 calculated for birds recorded on he sea surface Values for 2015
and 2019 taken from MacArthur Green (2021Abundance across the total survey area was estimated using the standard intensity data,

Wind Farm abundance was estimated using the high intensity data&Confidence intervals estimded using a bootstrap resampling
method (see text for details).

Population abundance on each survey

Species Year Area Peak
1 2 3 4 5
Total survey 266.6 (110.892.5)| 543.3 (180.9.126.1] 810 (422.2286.9)| 211.390.5-371.9) 29.6 (060.6) 9.8 (0:30.2) _
2015 | area
Wind Farm 25.2 (550.3) 64.8 (10.1130.8) | 536.4 (266.3834.4) 20.1 (340.2) 24.6 (550.4) 0 (0-0) 536
Total survey,  60.8 (20.1110.6) 566.9 (281.524.8) 20.4 (050.3) 30.2 (670.4) 50(9.8-110.6)  177.2 (60.351.8) o
Gannet 2019 | area
Wind Farm 0 (00) 0 (00) 0 (00) 0 (00) 5.3 (015.1) 0 (00) 5
Total survey 46.4 (0-120.5)| 503.9 (133:1102.9) 384.6 (192.%34.8) 19.1 (847.7) 38.1(9.85.8) 111.5 (55185.8) 504
2021 | area
Wind Farm 0 (0-0) 0 (0-0) 20.6 (061.9) 0 (0-0) 0 (0-0) 5.2 (015.5) 21
Total survey 67486.7 (48838.3 68431.6 (4969941 24508.3 (18886.8 77502 (47309.8 18220.9 (1111 5841446495 | __ _ .
i area 93543.4) 90366.4) 30563.9) 123530.3 27219.7) 7187.4) ’
Wind Farm 7794.9 (56202 22862 (13989  6243.9(2168.9  0425.8 (56764 47502 (1485.9) 9712 (671:3318) ¢ .
10326.7) 3345.3) 12516.9 13833.7) 8983.8) '
Total survey 47705.2 (29811 143361.4106507.4 79641.7 (504883 61415.9 (51848:6 40754.1 (29792 12900.5 (8517-2 143.361
Guill N 2019 area 71541.5 190991.8) 118429.8) 72706) 52734.6) 18166.9) ’
uillemo
Wind Earm 1258.8 (5782 24570.4 (19214-¢  6720.9 (4686.5 1986.6 (14547 1001.§652.8 | 232.5 (105:804.1) ,, -0
2406.4) 30459.3) 9314.1) 2592.7) 1647.7) ’
Total survey 58488 (41615 124978.7 (780064 101887.5(80746-2  31863.1 (21127,  47105.8 (31151,  22118.5 (18939. 124979
2021 area 81540.4) 180285.5) 124656.7) 44913.9) 69011.4) 25595.1)
Wind Earm 1701.71249.2 | 374.5 (256.507.9) 4213.7 (1763.5 582.1 (303.899.3) 925.3 (668.3 3566.8 (25291 4214
2241.7) 8596.3) 1208.1) 4857.8)
" Total survey 1575.9 (210-8165) 3791.2 (1336:9 3451.5 (1403941) 3806.4(1868.9 3759.2 (1557-3 424.3 (130.814.2)
NRERS | AW oo 7498.8) 6192) 6605.2) 3,806
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Population abundance on each survey

1

2

3

4

5

6

Wind Earm 70.4 (30.2120.6) 25.2 (675.4) 384.8 (51106) 2334.7 (643.3| 556.7 (140.2141) 789 (0201)| 4o
4986.8)
Total survey 571.3 (130-4176.6)  7918.53445.8 3841.7 (2090.3]  5204.2 (1999.6 2350.1 (995:1 1376.7 (5328 4.0
Jo10 | 23 13510.4 5941.2) 9651.2) 4081.6) 2392.6))
. 10 (025.1)  4072.9 (2090.7 1862.6 (7136 1167.9 (45:2825.5) 64.7 (0160.8) 72.4 (0216.1)
Wind Farm 6654.7) 31817 4,073
Total survey 1307.4 (3338 2272.3 (66.6 14084.3 (7911-7 85.8 (28.6152.5) 4672.4 (2422 1746.4 (872.8| 14084
Jopy | T2 2549.8) 4935.7) 21575.1 7582.2) 2787.1)
. 0 (00) 0(00) | 5415 (5.2593.9) 180.3 (@530.6) |  668.3 (41.1.609) 769.1(355.8 769
Wind Farm
1259.5)
Total survey 2614 (2053.4 2206.8 (15345 738.4 (483.3 1236.6 (374.6] 377.8 (14564.8) 41124 (33469, ..,
Jops | 2rea 3213.9) 3032.7) 1002.8) 2888) 4917.6) :
Wind Farm | 2474 (108:853.1) 7.9 (24.2138.9) 61.1(18.1120.8) 36.9 (678.5) 11.7 (€80.2) 15435 (11356 | ¢,
2017.8)
_ Total survey| 459.4 (290664.5) 1600.4 (1014:9 721.5 (495.966.6) | 698.4 (447.1978.7) | 397.6 (229.6567.9) 875.8 (422.6| | o
Puffin 2019 | area 2319.8) 1426.3)
Wind Farm 6.2 (018.1)] 156.7 (90.8223.5)|  54.8 (18.102.7) 18.2 (48.3) 6 (0-18.1) 0 (0-0) 157
Total survey 862.3 (593.4 2453 (1568.5 2615 (2076.6| 1096.1 (667-2592) 1773.6 (1353:¢ 15996.7 (142951 15997
2021 | area 1177.8 3784.3) 3249.5) 2298.1) 17780.3)
Wind Farm 20.6 (046.3) 10.3 (630.8) 67 (25.8113.5) 15.5 (@36.1) 30.8 (5.166.8) | 449.1 (289.560.8) 449
Total survey 1034.2 (519:2 2635 (17463 4457.7 (3209.9 2140.6 (1132.¢  83.2 (23.6153.4) 11.90354) |, 4sg
2015 | area 1829.2) 3799.9) 5853.6) 3622.9) '
Wind Farm 475 (17.88.5) 17.6 (847.2)| 278.1(76.525.1) 153.9 (23.6836.5) 18.5 (@53.1) 11.6 (€29.5) 278
Total survey 2680.1 (17938  12542.8 (9157-3  4668.5 (3658.3| 12938.510785.6 4026.3 (3020.5 | 1305.5 (6722077) 1, gag
Razorbill | | area 3729.1) 16605.5) 5841.5) 15542) 5240) '
Wind Earm 71.1 (17-741.6) 1344.3 (1002:9 475.5 (283.890.4) | 447.3 (277.819.7) 222.6 (47.277.9) 475(11844) | .,
1705.3)
2021 Total survey 4969.8(3486.1 4763.4 (2661.4 4585.8 (3730.2 6853 (56375.2 3184.9 (2498.3 3093.4 (2303.8 6,853
area 6805.9) 7254.8) 5518.6) 8331.1) 3900.1) 4031.7)
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Population abundance on each survey
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2

3
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4

5

6

Wind Farm 215.9 (118:213.6) 15.4 (641) | 412.6 (180.527.5)| 118.5 (20.857.5) 118.2 (51-200.5) 320(154.7521.5) 413
Total survey 19.2 (650.3) 30.2 (670.4) 29.7 (670.6) 51.4 (10-110.6) 28.9 (080.4) 10.5 (630.2) 51
2015 | area
Wind Farm 0 (00) 4.9 (015.1) 0 (00) 15.1 (&45.2) 5.4 (015.1) 0 (00) 15
Total survey 0 (0-0) 141.4 (821.7) 9.5 (030.2) 171.4 (60-321.9) 319.4 (6954.9) 41.4 (0110.6)
Great black 319
2019 | area
backed gull X
Wind Farm 0 (00) 41.4 (0115.6) 0 (00) 4.9 (015.1) 0 (0-0) 0 (0-0) 41
Total survey 18.5 (655.6) 85.6 (0-199.7) 48.1 (0115.4) 28.6(0-76.3) 19.1 (&47.7) 46.4 (0-120.8) 86
2021 | area
Wind Farm 0 (0-0) 0 (0-0) 0 (00) 0 (0-0) 0 (00) 41.3 (6123.9) 41
Total survey 70.2 (104.70.9) 70.7 (10460.8) 10.6 (0640.2) 414.4 (61176.1 125.6 (371.9) 20.5 (0650.3) 414
2015 | area
Wind Farm 0 (0-0) 5 (0-15.1) 0 (00) 0 (0-0) 0 (00) 0 (00) 5
Total survey 49.9 (10.00.7) 5370.6 (623 | 1040 (351.8920.2)| 778.1 (291-5367.6) 0(00) | 743.6 (10-p221.7 5371
Herring gull | 2019 | area 12022.7 ’
Wind Farm 0 (00) | 1578.4 (25-4161.5) 525(50.31332) 0 (0-0) 0 (0-0) 0 (00) 1,578
Total survey 55.6 (0129.8)| 104.6 (28.8218.9) 605.7 (128.375) 66.7 (19.1123.9) 38.1 (9.35.8) 83.6 (9.3195.1) 606
2021 | area
Wind Farm 0 (00) 0 (0-0) 0 (0-0) 0 (0-0) 10.3 (630.8) 0 (00) 10
A ; MacArthur 23|Page
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3.3 Results of 2@1surveys and comparison withprevious years

In all years the most abundant species recorded was guillemot. In 2015 the peak mdetl
abundance was estimated a81000 individuals within the total survey area (late Julyyvhile in 2019
the peak modeled abundance estimate was37,000 (early June).ln 2021 the peak modkdd
abundance was 19,000 (late May).Within the wind farm, the 2015 mod#dd peak was7,000 (in
July), the 2019 peak wa41,000 (June)and the 2021 peak w&s, 700 (June).

In all years themain guillemot concentrationshave been recordechlong the Caithness coasgnd
this was especially marked in the 2021 surveys. Nonethelessgan be seen from th@021survey
plots (Figure3-1), this species was recorded throughout the survey area.
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Figure 3-1. Guillemot distributions in 2021 (scale bars indicatbdirds/km?). Density
surfaces generated using the best fit spatial model for each survey (note the scale
differs for each survey). White dots are birds recorded on the water (standard
intensity data only).
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In 2015 the Kittiwake abundance peaked pist under4,000 in the total survey area in June and
July and1,300in the Wind Farm in JulSimilarlevels were recorded in 201%vith a peak abundance
in the total surveyarea of approximately 4,600 in June aml a wind farm peak ofL600. In 2021 a
higher overall abundance was recorded, with a peak in the survey aread800 although the wind
farm peak wasa little lower than previous years a870.
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Figure 3-2. Kittiwake distributions in 2021 (scale bars indicate birds/kf). Density
surfaces generated using the best fit spatial model for each survey (note the scale
differs for each survey). White dots are birds recorded on the water (standard
intensity data only).

In 2015, puffin abundance peaked in August ai(®) in the total survey area and,000in the wind
farm. The August 2015 survey (which was outside the intended survey windhve to weather
delayg was considered likely to have recorded thbeginning of postbreeding dispersal No
surveys were conducted in August in 2018nd it was consideredhat comparison of the 2015 peak
with the 2019 one was potentially urliable as a resultThe June and July surveys recorded similar
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numbers in bothyears with around P0-2,000 in 2015 and@®-1,200 in 2019 across the whole area
and up to 200 in the wind farm in 2015 anap to 40 in 2019 The abundance estimated from the
2021 surveys were withia similar range, albeit higherwith May and June estimads of around
2,500 in the survey areeDue to weather constraints it was again necessary to conduct the final
2021 survey iAugust, and this yielded the highest puffin abundance to date ©6,60Q with 960 in
the wind farm. As with 2015, thiseems veryikely to have capturedpost-breeding movements.
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Figure 3-3. Puffin distributions in 2021 (scale bars indicate birds/k&). Density
surfaces generated using the best fit spatial model for each survey (note the scale
differs for each survey). White dots are birds recorded on the water (standard
intensity data only).

In 2015razorbill was present in highest numbers igarly July with a peak abundance of nearly
3,500 in the total survey area and around 200 in the Wind Farm. Numbers were overall higher in
2019, with up tol1,250n total and680 in the wind farm.The 2021 abundance estimates across the
whole survey areawere intermediate between these, with4,000 to 5,000recorded in May and
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early June and 6,400 in JuljNumbers in the wind farm in 2021 wemmilarto previous years with

peaks of 300in July and 450 in August
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Figure 3-4. Razorbill distributions in 2021 (scale bars indicate birds/k&). Density
surfaces generated using the best fit spatial model for each survey (note the scale
differs for each survey). White dots are birds recorded on the water (standard

intensity data only).
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In 2015 the peak gannet estimate w&€0 in the total survey area in early July, of whi@B80were
estimated to be present within the Wind Farm. In 2019 numbers recorded were generally lqwer
with an estimate for the early June20B surveyof 400 in the total area and130in the wind farm.
The 2021 estimates are very similar, with peaks of nearly 500 in the survey argdpwer in the
wind farm with a peak of only 23
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Figure 3-5. Gannetdistributions in 2021 (scale bars indicate birds/k#&). Density
surfaces (surveys 2 and 3) generated using the best fit spatial models (note the scale
differs for each survey). White dots are birds recorded on the waterstandard
intensity data only). Note, too few birds were recorded to permit model fitting on
surveys 1,4,5 and 6.
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Herring gulland great blackbacked gull have been generally recorded much smaller numbes
than the other species, with the consequere that model fitting has generally been much less
reliable. Thus, comparisons for these species are based on the debigeed estimates.

Herring gulswere recordedin low numbers in 2015vith a peak estimate in the survey area of 400
(July) and only 5n the wind farm, recorded on a single survey (Juneln 2019 a peak estimate of
over 5,000 wasobtained, of which 1,600were in the wind farm. The 2021 surveys wesémilar to
the 2015 resultswith a peak of600 in the survey areaand none recordedin the wind farm on all
but one survey, when a wind farm estimate of 10 was obtained
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Figure 3-6. Herring gull distributions in 2021. No density surfaces could be fitted to
the data due to small sample sizes. White dots are birds recorded on the water
(standard intensity data only).
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Great blackbacked gullis the least abundant of the focal species, with a 20p&ak in the survey
area of 50 and in the wind farm of 15 and in 2019 equivalent figures of 319 and 41, respeclinely.
2021estimates werecloser to the 2015 onesyith a survey area peak d86 and a wind farm one of
41
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Figure 3-7. Great blackbacked gulldistributions in 2021 No density surfaces could be
fitted to the data due to small sample sizes. White dots are birds recorded on the
water (standard intensity data only).

34 Spatial modelling comparisors: pre vs postl, pre vs. pos® and postl vs pos®

Three pairwise spatal models were fitted to the data for gannet, guillemot, razorbill, puffin and
kittiwake. These provided two beforeafter comparisons and an additional one comparing the two
post construction survey years. The expectation from these analyses, for a spewibgh avoids

the wind farm, would be to observe reduced densities in the wind farm in tlsecond surveys of
the two before-after models and no apparent difference in the pattern in distributions for the
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comparison of the two postconstruction datasets. The full tables of model coefficients are
provided inANNEX @nd the model partial plots are provided iIANNEX D

34.1 Ganet

Thechi-squaredspatial modelterms are provided inTable3-5 and discussed below.

Table 3-5. Gannet spatial modelanova tables Only terms retained in the final model

AOA DPOAOAT OAA8 4EA ODAOEAB&andthAelmterdction AdkieenOAA A0 OO
that and wind farmor UAA O A O windjfaemdl @ @O @ h.B@nificandedid O 6

indicated as follows: nonOECI1 E £EBAAPBPE OFPBWPPE8®EcSh. EP8S8PPX O
Significant terms marked in bold.

Comparison | Parameter 1. P (>Chisq) | Significance

Wind farm 1 3.835 0.050
Depth 3 5.051 0.168 -
Pre-Postl Distance to coast | 3 14,174 0.003 *k
s(x,y) 5 25.818 0.000 ok
s(x,y):wind farm | 5 15.616 0.008 ok
Wind farm 1 1.775 0.183 =
Depth 3 4.294 0.231 -
Pre- Post2 Distance to coast | 3 11.804 0.008 *k
s(X,y) 4 13.502 0.009 **
s(x,y) :wind farm 4 20.988 0.000 R
Year 1 0.833 0.361 -
Depth 3 5.458 0.141 -
Postl- Post2 | Distance to coast | 3 10.801 0.013 *
s(X,Y) 4 9.744 0.045 &
s(x,y): year 4 2.835 0.586 -

3411 Pre vs. Post

There was an overall decline in abundance between 2015 and 2019, which was marginally significant
with the wind farm term having a value of 3.8 (p=0.05) and also a highly significant interaction
betweenwind farm andthe spatial smootherwith a value of 15.69p<0.01). Plotting of the spatially
explicit differences indicated a significant decrease in the middle of the survey area which included
the wind farm and extended towards the coastKigure 3-8, top row), with areas of significant
increase around the edges of the survey area.

34.1.2 Pre vs. Pos?

There was no overall difference in abundance between 2015 and 2021, withatimel farm term
having a value ofL77 (p=0.8), but there was a highly significant interaction betweewind farm
and spatial smoothemwith a value of 20.99p<0.001). Plotting of the spatially explicit differences
indicated a significant decrease in the middle of theurvey areacentred onthe wind farm and an
area ofsignificant increase in the soutlwest cornerof the survey aregFigure3-8, middle row).
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3.4.1.3 Postl vs. Pos?

There was no overall difference in abundance between 2019 and 2021, with the year term having a
value of 0.83 (p=0.36), and there was also no significant interaction between year and spatial
smoother with a value of 2.83p=0.58). Plotting of the spatially explicit differences indicated no
areas of significant decrease or increase across the survey akgyre3-8, bottom row).
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Figure 3-8. Gannet
before-after plots
for all pair-wise
comparisons. Areas
of significant
increase in
abundanceare
marked on the right-
hand column with
red symbols,
significant
reductions in grey.
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3.4.2 Guillemot

Thechi-squaredspatial model terms are provided ifTable3-6 and discussed below.

Table 3-6. Guillemot spatial model anova tables. Only terms retained in the final

model are presented.4 EA OPAOEAI OAOI EO AAT T OAA AO 0O0O0j @h U
AARAOxAAT OEAOG AT A xET A EAOI 1T 0 UAAO AO 00j ohUqQ d
Significance is indicated as follows: nonROEC1 E ZEBAAPBPE OPBPPES8®E c b h
EP8PPZI SiQmifecandterms marked in bold.

Comparison | Parameter d.f. Chisq. P(>Chisq) @ Significance
*kk

Wind farm 1 20.880 0.000
Depth 3 8.171 0.043 *
Pre-Postl Distance to coast | 3 65.235 0.000 *k
s(X,y) 5 24.054 0.000 ik
s(x,y) : wind farm | 5 17.860 0.003 *x
Wind farm 1 9.899 0.002 *k
Depth 3 33.953 0.000 ok
Pre- Post2 Distance to coast | 4 53.932 0.000 * %k
s(x,y) 4 21.578 0.000 *k %
s(x,y) : wind farm | 4 17.831 0.001 e
Year 1 1.469 0.226 -
PostL. Post2 Distance to coast | 4 96.088 0.000 g
s(x,y) 5 34.933 0.000 ok
s(x,y): year 5 10.262 0.068 =

3421 Pre vs. Post

There was an overall increase in abundance between 2015 and 2019, which was highly significant
with the wind farm term having a value 0f20.88 (p<0.00) and also a significant interaction
between wind farm and spatial smootherwith a value 0f17.86(p<0.01). Plotting of the spatially
explicit differences indicated amall area ofsignificant decrease in thenorth-west corner of the
survey areaand large areas of significant increase across the southern and northern edges of the
survey areg Figure3-9, top row). Over the wind farm itself there was no indication of any change

in abundance

3.4.2.2 Pre vs. Pos?

There was an overall increase in abdance between 2015 and 2021, which was significant with the
impact term having a value 0B.89 (p<0.01) and also a highly significant interaction between
impact and spatial smootherwith a value of 17.83(p<0.001). Plotting of the spatially explicit
differences indicated asmallarea of significant decrease in the centre of the survey area which
overlapped the western edge of the wind farmKigure3-9, middle row). Thee was a large area of
significant increase in abundance across the lower halfid westem and eastern edgesof the
survey area. Across the remaindaf the wind farm there waslittle indication of any change in
abundance.
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3.4.2.3 Postl vs. Pos?

There was no overall difference in abundance between 2019 and 2021, with the year term having a
value of 147 (p=0.23), and there was also no significant interaction between year and spatial
smoother with a value of 16 (p=0.068). Plotting of the spatialy explicit differences indicatecan

area of significant decrease in the centre of the survey area which partially overlapped the wind
farm (Figure 3-9, bottom row), with small areas of increase near the coast and in the southern
corner of the survey area
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2015 2019 2015-2019 difference Figure 3-9.
Guillemot before-
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3.4.3 Kittiwake

The chisquared spatial model terms are provided ifable3-7 and discussed below.

Table 3-7. Kittiwake spatial model anova tables. Only terms retained in the final

model are presented.4 EA OPAOEAI OAOI EO AAT T OAA AO 0O0O0j @h U
AAROxAAT OEAOG AT A xET A EAOI 1T 0 UAAO AO 00j ohUQq d
Significance is indicatedas follows: nonnOEC1 E ZBAAPBPE OPBPPES8®E c b h
EP8PPZI S@mifccand terms marked in bold.

Comparison | Parameter d.f. Chisq. P(>Chisq) @ Significance

Wwind farm 1 3.421 0.064
Depth 3 17.233 0.001 *
Pre-Postl Distance tocoast | 5 24.010 0.000 *k
s(X,y) 5 19.749 0.001 *x
s(x,y) : wind farm | 5 13.313 0.021 *
Wind farm 1 3.517 0.061 =
Depth 5 18.280 0.003 ok
Pre- Post2 Distance to coast | 3 13.191 0.004 *
s(x,y) 4 9.178 0.057 *
s(x,y): wind farm | 4 2.578 0.631 -
Year 1 0.013 0.910 -
Depth 4 9.263 0.055 -
Postl- Post2 | Distance to coast | 4 15.261 0.004 *
s(x,y) 5 7.233 0.204 =
s(x,y) : year 5 22.818 0.000 ek

3.4.3.1 Pre vs. Post

There was no overall change in abundance between 2015 and 2019, thwglimpact term having a
value of 342(p=0.06), although there was a significant interaction betweewind farm and spatial
smootherwith a value of 13.3(p=0.02). Plotting of the spatially explicit differences indicated arsa
of significant increasealong the western edge of the wind farm and tohe north-eastof the survey
area, with a decrease along the coagfigure3-1Q top row). Over theremainder of thewind farm
itself there wasan indication of asmall increasen abundance(albeit not significant).

3.4.3.2 Pre vs. Pos?

There was an overall increase in abundance between 2015 and 28#igugh this was not
significant with the wind farm term having a value 3.2 (p=0.06), and there was ndnteraction
between wind farm and spatial smootherwith a value of 2.58p=0.63). Plotting of the spatially
explicit differences indicatedsmall areas of significant increasein the south-western part of the
survey areaFigure3-10 middle row). There vas noindication of any change in abundanca&cross
the rest of the survey area, including the wind farm
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3.4.3.3 Postl vs. Pos?

There was o overall difference in abundance between 2019 and 2021, with the year term having a
value of 0013(p=0.9), but there was a highly significant interaction between year and spatial
smoother with a value of 22.8%p<0.00J). Plotting of the spatially explicit differences indicated an
area of significant decreasavhich included the northern half of the wind farm, and an area of
significantincrease near the coastFigure3-1Q bottom row).
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3.4.4 Razorbill

The chisquared spatial model terms are provided ifiable3-8 and discussed below.

Table 3-8. Razorbill spatial model anova tables. Only terms retained in the final model

are presented.The spatial termisAAT 1T OAA AO O00j ohUuqQqé AT A OEA ET O/
OEAO AT A xET A EAOI 10 UAAO AO OQjsigmfleapceds x ET A EA
indicated as follows: nonOEC1 E £EBAAPBPE OFPBWPPE8®Ecdh. EPSPPX
Significant terms marked in bod.

0
6

Wind farm 1 15.541 0.000 *kk
Distance to coast | 3 86.192 0.000 *kk
Pre-Postl
s(x,Y) 4 12.094 0.017 *
s(x,y) : wind farm | 4 9.613 0.047 &
Wind farm 1 8.243 0.004 *k
Depth 6 40.682 0.000 *kk
Pre- Post2 Distance to coast | 6 84.379 0.000 *k %
s(X,Y) 5 21.483 0.001 *%
s(x,y): wind farm 5 10.181 0.070 -
Year 1 0.092 0.762 =
Distance to coast | 3 182.909 0.000 ok
Post1- Post2
s(X,y) 4 48.047 0.000 *kk
s(x,y): year 4 1.880 0.758 -

3441 Pre vs. Post

There was an overall increase in abundance between 2015 and 2019, which was highly significant
with the wind farm term having a value ol.5.5p<0.001) and also a significant interaction between
wind farm and spatial smootherwith a value of 9.61(p=0.047. Plotting of the spatially explicit
differences indicatedlarge areas ofignificantincrease extending across most of the survey area,
including the wind farm, and no areas of significant decreagEigure3-11top row).

34472 Pre vs. Pos?

There was an overall increase in abundance between 2015 and 2021, whichigvasicant with the
wind farm term having a value 08.24 (p<0.01)but there was nointeraction between wind farm
and spatial smootherwith a value of 10.18p=0.07). Plotting of the spatially explicit differences
indicated large areas of significant incese extending across most of the survey area, including
the southern half of thewind farm, and no areas of significant decreas€igure3-11 middle row).

3.4.4.3 Postl vsPost2

There was no overall difference in abundance between 2019 and 2021, with the year term having a
value of0.092 (p=0.76), and there was also no significant interaction between year and spatial
smoother with a value of 1.8§p=0.76). Plotting of the gatially explicit differences indicatecho
areas of significantincrease ordecreaseacross the survey are@Figure3-11 bottom row).
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3.4.5 Puffin

The chisquared spatial model terms are provided ifiable3-9 and discussed below.

Table 3-9. Puffin spatial model anova tables. Only terms retained in the final model

are presented.4 EA ODPAOEAI OAOI EO AAT 1T OAA AO O00j ohUQs A
OEAO AT A xET A EAOI 1T O UAAO AO OOQjsigmfleahcedjs x ET A £AO
indicated asfollows: non-OEC1 E £EBDAAPBPE OFPBWPPE8®EcSh EP8PPX O

Comparison | Parameter d.f. Chisg. P(>Chisg)  Significance

Wwind farm 1 0.901 0.343 -
Depth 1 73.148 0.000 ik
Pre-Postl | Distance to coast | 1 15.591 0.000 *kx
s(X,y) 5 27.249 0.000 hkk
s(x,y) : wind farm | 5 57.766 0.000 rxk
Wind farm 1 0.438 0.508 =
Depth 1 3.670 0.055 -
Pre- Post2 Distance to coast | 6 881.958 0.000 *kk
s(x,y) 5 18.411 0.002 ok
s(x,y) : wind farm | 5 11.420 0.044 &
Year 1 38.381 0.000 ok
Depth 5 8.876 0.114 -
Postl- Post2 | Distance to coast | 3 20.363 0.000 ok
s(x,y) 5 21.196 0.001 ok
s(x,y) : year 5 27.120 0.000 ek

3451 Pre vs. Post

There was no overalthangein abundance between 2015 and 2019, with thénd farm term having
a value 0f0.90 (p=0.34), but there was a significant interaction betweewind farm and spatial
smoother with a value of 57.71{p<0.001). Plotting of the spatially explicit differences inchted
large areas of significant decrease extendingcrossapproximately half of the survey area away
from the coast and including the wind farmKigure3-12 top row).

3.45.2 Pre vs. Pos?

There was an overall increase in abundance between 2015 and 20f1this was notsignificant
with the wind farm term having a value 00.44 (p=051) however there wasa significant interaction
between wind farm and spatial smootherwith a value of 11.4<0.04). Plotting of the spatially
explicit differences indicated large areas of significant increase extending acrassst of the
survey areg Figure3-12 middle row).

3.45.3 Postl vs. Pos?

There wasa significant increase in th@verall abundance between 2019 and 2021, with the year
term having a value 088.38(p<0.002, and there was alsa significant interaction between year
and spatial smoothemwith a value of 27.120<0.00). Plotting of the spatially explicit differences
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indicatedthat this increase had occurre@dcrossalmost the entire survey aregFigure3-12 bottom
row), with a small area along the coast with no significant change
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