Appendix
BIOLOGICAL ENVIRONMENT l 1 D
Estimation of theDevelopmentAlone and Cumulative Effects from Displacement and Barrier Effects

Contents

IS 0 ) =V o] [ SRR il
LISt Of FIQUIES....coiiiiiiiiiiiie e sme e e e e e e e e e aeeeeeeeseeeeeeeess VI
AbDreviations and ACIONYIMS..........uuuiii i e e eiieeetiiee e e e e eeat i eae e e e e e e e eeas i m—eeeeeta e eeeeeeessssnnnnnamrenres Vi
0 o 25 R [ 1 oo U Tod o] o ISP 1

11D.2  Estimation of Displacement and Barrier Effects for the Purposes of the Assessment2

11D.2.1 The SNCB MatriX APPrOACH..........uviiiiiieiiitiei e 2
11D.2.2 SPECIES ACCHUS. ......uuuuuurrurirurerererrrreererererttrtattaataaaaaaaaaaaeaaasaasaasaaaaaaaaassssssnssnssssssrrssrensens 3
11D.2.3 Estimated impacts of displacement and barrier effecBevelopmemtalone.................. 16
11D.2.4 Estimated impacts of displacement and barrier effectsmulative..................cccccueeee 17

11D.3 Comparisons with estimates of displacement and barrier effects from individoased

MOAEIlING APPIOACNES ... ..o 20
11D.3.1 Individuatbased Modelling APPrOacChaS..........ccccuuuiiiiiiiiiiiiiiierreee e a e 20
11D.3.2 Estimating Biplacement and Barrier Effects Using SeabQRD..............ccccvvvveeeinnnee. 21
11D.3.3 Comparisons of the Predicted Effects from SeabORD and $eatll€014)................... 25
11D.3.4 Considering the SNCB Matrix Estimates in Relation to the Predicted Effects from S2abORD
11D.3.5 CONCIUSIONS. ....ceiiiiiiiie ittt e st e e r e e e e e e e e nbe e e e s aaneees 32
RETEIBNCES ...t e et e et e e e e e 33

Annex 11D.2: Displacement MatriCes..........coooevveiiiiiiiiimiiiiiiiiiieieeieeeeeeeeeeeeem . A0

Annex 11D.3: Details of Methods and Results of the SeabORD Modelling Undertaken in Relation to
the Inch Cape Wind Farm (based on information provided to ICQCBH).......................ooooe 52

Annex 11D.4: Details of barrier type, prey values and seed number used in the different SeabORD
L0 =] RS 1 | o U 62

INCH CAPE OFFSHORE LIMITED
www.inchcapewind.com



Appendix
BIOLOGICAL ENVIRONMENT l 1 D
Estimation of theDevelopmentAlone and Cumulative Effects from Displacement and Barrier Effects

List of Tables

Table 11D.1 Displacement and mortality rates used in the matrix assessment, as recommended in
L4 (SIS Tet0] o[ o @] o 11 1] o] o PP 3
Table 11D.2 Estimated abundance of kittiwake in each month of survey. Seasons are colour coded
(green = breeding season, peach tuawn passage (nebreeding), amber = spring passage (hon
breeding)). Peak abundance for each breeding period shown in bold.............cccvvvvvvl. 4
Tale 11D.3 Summary statistics for kittiwake abundance in the breeding seasan................... 5.
Table 11D.4 Estimated abundance of guillemot irheaonth of survey. Seasons are colour coded
(green = breeding season, amber = fAmreding). Seasonal peak abundances shown in bald..6
Table 11D.5 Summary statistics of guillemot abundance in the breeding season................... 8.
Table 11D.6 Summary statisticsgofillemot abundance in the nelbreeding season..................... 9
Table 11D.7 Estimated abundance of razorbill in each month of survey. Seescntar coded

(green = breeding season, amber = Awreding). Seasonal peak abundances shown in bald.10
Table 11D.8 Summartasistics of razorbill abundance in the breeding season....................... 12
Table 11D.9 Summary statistics of razorbill abundance in thebreatling season...................... 13
Table 11D.1&stimated abundance of puffin in each month of survey. Seasons are colour coded
(green = breeding season, amber = Amreding). Peak abundance for each breeding period shown

T o T o PRSP PPPPRRR 14

Table 11D.11 Summary statistics of puffin abundance in the breeding season..................... 15

Table 11D.12 Seasonal mean peak abundance estimates for each species (on the sea and in flight)
within the Development Area and two kilometre buffer.........cevveevei, 16

Table 11D.13 The predicted annual mortality from displacement and barrier effects for the
Developmeralone, by total numbers and as apportioned to age Classes..........cccocvvvvveeernnne 17

Table 11.14 Seasonal mean peak abundance estimates for each species (on the sea and in flight)
within the Neart na Gaoithe, Seagreen Alpha and Seagreen Beta sites and two kilometre bufers.
Table 11D.15 The predicted annual mortality from displacement and barfeatgfor the Inch Cape
Wind Farm cumulatively with the other three Forth and Tay wind farms, by total numbers and as
APPOItIONEA 10 AQE ClASSES... .. uueeiieeiiiitie et et e e e e e e e e s s r e e e e e e s eaeeeas 19
Table 11D.16 The predicted percentage point changes in adult and chick mortality as a result of
displacement and barrier effects for different SPA populations from the Developaient, as
estimated by the SeabORD and Seatlal. (2014) MOAEIS.........cccoiiiiiiiiiiiiiiiiiee e 23
Table 11D.17 The predicted percentage point changes in adult and chick mortality as a result of
displacement and baier effects for different SPA populations from the Development in
combination with the other three Forth and Tay wind farms, as estimated by the SeabORD and
Searle et al. (2014) MOELS ... e e e e e e e e ee e aneaanes 24
Table 11D.18 Predicted adult mortality amongst SPA populations during the breeding period, as
estimated by the SNCB Matrix and the SeabORD model for the Develcpforatand iR

combination with the other three Forth and Tay wind farms............ccccceeee 28
Table 11D.19 The percentage of each SPA population estimated to be usidevitlepment Area

and two kilometre buffer (upper rows) and the combined Forth and Tay wind farm sites and buffers
(lower rows) on the basis of relating the SeabORD estimates of adult mortality to the rates of
displacement and mortality amongst displaceddbithat are advised by the Scoping Opinion...31
Table 11D.2.1 Displacement matrix for kittiwake in the breeding season. Basedhormesk
abundance. Recommended displacement rate and mortality rate is shown in dark green....40

INCH CAPE OFFSHORE LIMITED
www.inchcapewind.com il



Appendix
BIOLOGICAL ENVIRONMENT l 1 D
Estimation of theDevelopmentAlone and Cumulative Effects from Displacement and Barrier Effects

Table 11D.2.2 Displacement matrix fyuillemot in the breeding season. Based on mean peak
abundance. Recommended displacement rate and mortality rate is shown in dark green....40

Table 11D.2.3 Displacement matrix for razorbill in the breeding season. Based on mean peak
abundance. Recommended displacement rate and mortality rate is shown in dark green....41

Table 11D.2.4 Displacement matrix for puffin in the breeding season. Based on mean peak
abundance. Recommended displacement rate and mortality rate is shown in dark green....41

Table 11D.2.Displacement matrix for guillemot in the ndmmeeding season. Based on mean peak
abundance. Recommended displacement rate and mortality rate is shown in dark green....42

Table 11D.2.6 Displacement matrix for razorbill in the-bogeding season. Based on mean peak
abundance. Recommended displacement rate and mortality rate is shown in dark green....42

Table 11D.2.7 Displacement matrix for kittiwake in the breeding season at Neart na Gaoithe. Based
on mean peak abundance. Recommended displacement rate and mortaéitiys shown in dark

[0 L= o PP

Table 11D.2.8 Displacement matrix for kittiwake in the breeding season at Seagreen Alpha.rBased o
mean peak abundance. Recommended displacement rate and mortality rate is shown in dark green.
................................................................................................................................................ 43

Table 11D.2.®isplacement matrix for kittiwake in the breeding season at Seagreen Bravo. Based on
mean peak abundance. Recommended displacement rate and mortality rate is shown in dark green.
................................................................................................................................................ 44

Table 11D.2.10 Displacement matrix for guillemot in the breeding season at Neart na Gaoithe. Based
on mean peak abundance. Recommended displacement rate and mortality rate is shown in dark

0 L= o P -

Table 11D.2.11 Displacement matrix for guillemot in the breeding season at Seagreen Alpha. Based
on mean peak abundance. Recommendiéplacement rate and mortality rate is shown in dark

0 L= o Y Lo

Table 11D.2.12 Displacement matrix for guillemot in the brees@agon at Seagreen Bravo. Based

on mean peak abundance. Recommended displacement rate and mortality rate is shown in dark

0 L= o P Lo

Table 11D.2.13 Displacement matrix for guillemot in the-hoeeding season at Neart na Gaoithe.
Based on mean peak abundance. Recommended displacement rate and mortality rate is shown in
(o b= Ty Qo | (=TT o TSRS 46

Table 11D.2.14 Displacement matrix for guillemot in the-hoeeding seaon at Seagreen Alpha.

Based on mean peak abundance. Recommended displacement rate and mortality rate is shown in
(0 o1 Qo | (=T=] o OO PP PO PPPPRPPPO 46

Table 11D.2.15 Displacement matrix for guillemot in the shoeeding season at Seagreen Bravo.
Based on mean peak abundance. Recommended displacement rate and mortality rate is shown in
(0 Fo T Qo | (=T=] o OO PPPPRR 47

Table 11D. 2.16 Displacement matrix for razorbill in the breeding season at Neart nha Gaoithe. Based
on mean peak abundance. Recommended displacement rate and mortality rate is shdavk in

[0 (ST o 1O PP PP PP TRPRPPPPPPRPPY ¥ ¢

Table 11D.2.17 Displacement matrix for razorbill in the breeding season at Seagreen Alpha. Based on
mean peak aburahce. Recommended displacement rate and mortality rate is shown in dark green.
................................................................................................................................................ 48

INCH CAPE OFFSHORE LIMITED
www.inchcapewind.com iii



Appendix
BIOLOGICAL ENVIRONMENT l 1 D
Estimation of theDevelopmentAlone and Cumulative Effects from Displacement and Barrier Effects

Table 11D.2.18®isplacement matrix for razorbill in the breeding season at Seagreen Bravo. Based on
mean peak abundance. Recommended displacement rate and mortality rate is shown in dark green.
................................................................................................................................................ 48

Table 11D.2.19 Displacement matrix for razorbill in the-nmeding season at Neart na Gaoithe.

Based on mean peak abundance. Recommended displacement rate and mortality rate is shown in

(0 EoT o Qo | (=T=] o OO PPPPRRTPPPO 49

Table 11D.2.20 Displacement matrix for razorbill in the-nmeding season at Seagreen Alpha.

Based on mean peak abundance. Reoended displacement rate and mortality rate is shown in

(0 EoT o Qo [ (=T=] o PP P PP PPRRTPPPO 49

Table 11D.2.21 Displacement matrix for razorbill in the-breeding season at Seagreen Bravo.

Based on mean peak abundance. Recommended displacement rate and mortality rate is shown in

(o P T Sqe | (=TT o T 50

Table 11D.2.22 Displacement matrix for puffin in the breeding season at Neart na Gaoithe. Based on
mean peak abundance. Recommended displacement rate and mortality rate is shown in dark green.
................................................................................................................................................ 50

Table 11D.2.23 Displacement matrix for puffin in the breeding season at SeagreenBspbd on

mean peak abundance. Recommended displacement rate and mortality rate is shown in dark green.
................................................................................................................................................ 51

Table 11D.2.24 Disglament matrix for puffin in the breeding season at Seagreen Bravo. Based on

mean peak abundance. Recommended displacement rate and mortality rate is shown in dark green.
................................................................................................................................................ 51

Table 11D.3.1. Effect sizes (percentage points change in additional mortality) for the Inch Cape Wind
CFNY |f2yS oFaSR 2y wmn LI ANBR Nizya O2@SNARy3a GKS
birds based omaseline MOdel OULPUL.............ooiiiii e e e e 55

Table 11D.3.2. Effect sizes (percentage points change in additional mortality) for the Inch Cape Wind
Farm combined with the other Forth and Tay wind farms based on 10 paired runs covering the range

2T WY2RSNIGSQ LINBe O2yRAUGAZ2Y A F2NJL.oNBSRAFI 06ANR
Table 11D.3.3. Effect sizes (percentage points change in additional mortality) for the Inch Cape Wind
CFNY |f2yS o0FaSR 2y wmn LI ANBR Nizya O2@0SNRAyYy3a GKS
birds based on baseline Model QULPUL.............cooiii i 56

Table 11D.3.4. Effect sizes (percentage points change in additional mortality) for the Inch Cape Wind
Farm combined with the other Forth and Twind farms based on 10 paired runs covering the range

2T WY2RSNIGSQ LINBe O2yRAUGAZ2Y A F2NJL.oNBSRAFA o6ANR
Table 11D.3.5. Effect sizes (percentage points change in additional mortality) for the Inch Cape Wind
CFNY |f2yS o0FaSR 2y wmn LI ANBR Nizya O2@SNRAyYy3a GKS
birds based on baseline Model QULPUL.............cooiii i 57

Table 11D.3.6. Effect sizes (percentage points change in additional mortality) for the Inch Cape Wind
Farm combined with the other Fortind Tay wind farmsbased on 10 paired runs covering the range

2T WY2RSNIGSQ LINBe O2yRAGAZ2Y A F2NJL.oNBSRAYI 06ANR
Table 11D.3.7. Effect sizes (percentage points change in additional mortality) for the Inch Cape Wind
CFNY |f2yS o0FaSR 2y wmn LI ANBR Nizya O2@0SNAy3a (GKS
birds based on baseline model QUEPUL.............ooii i 58

Table 11D.3.8. Effect sizes (percentage points change in additional mortality) for the Inch Cape Wind
Farm combined with the othdforth and Tay wind farms based on 10 paired runs covering the range

2T WY2RSNIGSQ LINBe O2yRAGAZY A TF2NJLONBSRAFIA 06ANR

INCH CAPE OFFSHORE LIMITED
www.inchcapewind.com \Y

3



Appendix
BIOLOGICAL ENVIRONMENT l 1 D
Estimation of theDevelopmentAlone and Cumulative Effects from Displacement and Barrier Effects

Table 11D.3.9. Effect sizes (percentage points change in additional mortality) for the Inch Cape Wind
CENY |f2yS oFaSR 2y wmn LI ANBR Nizya O2@SNRAyYy3a GKS
birds based on baseline MOdel OUEP............ocuiiiiiiii e 59

Table 11D.3.10. Effect sizes (percentage points change in additional mortality) for the Inch Cape

Wind Farm combined witthe other Forth and Tay wind farms based on 10 paired runs covering the
NI}y3IS 2F WY2RSNIGSQ O2yRAGAZ2Y A TF2NLONBSRBEOY3I oA NF

INCH CAPE OFFSHORE LIMITED
www.inchcapewind.com v



Appendix
BIOLOGICAL ENVIRONMENT l 1 D
Estimation of theDevelopmentAlone and Cumulative Effects from Displacement and Barrier Effects

List of Figures

Figure 11D.1 Frequency distribution of kittiwake abundance estimates in the Development Area and
two kilometre buffer in the breeding season. The mean peak value is shown as a dark green line in
the appropriate abuNdanCe DiN.............cccciiiiiiiiiieeeee e —————— 5
Figure 11D.2 Frequency distribution of guillemot abundance data in the Development Area and two
kilometre buffer in the breeding season. The mean peak value is shown as a dark green line in the
appropriate abUNAANCE DiN.........ooooiii e a e e e e e e e e e e e e 8
Figure 11D.3 Frequency distribution of guillemot abundance data in the Development Area and two
kilometre buffer in the norbreeding season. The mean peak vdakishown as a dark amber line in

the appropriate abuNdanCe DiN.............c.cuiiiiiiiiiiieeee e —————— 9
Figure 11D.4 Frequency distribution of razorbill abundance idetfze Development Area and two
kilometre buffer in the breeding season. The mean peak value is shown as a dark green line in the
appropriate abundanCe DiN....... ..o 11
Figure 11D.5 Frequency distribution of razorbill abundance data in the Development Area and two
kilometre buffer in the norbreeding season. The mean peak value is shown as a dark amber line in
the appropriate abundanCe DiN............cooiiiiiii e 13
Figure 11D.6 Frequency distribution of puffin abande data in the Development Area and two
kilometre buffer in the breeding season. The mean peak value is shown as a dark green line in the
appropriate abundanCe DiN..........oooiiiii e 15
Figure 11D.1.1 Kittiwake distribution during surveys with the peak count in each breeding.#tiod
Figure 11D.1.2 Guillemot distribution during surveys with the peak count in each breeding.Bé&riod
Figure 11D.1.3 Gieimot distribution during surveys with the peak count in each-bogeding

Figure 11D.1.4 Razorbill distribution dursuyveys with the peak count in each breeding pericgl
Figure 11D.1.5 Razorbill distribution during surveys with the peak count in eadireeding period
................................................................................................................................................ 38
Figure 11D.1.6 Puffin difbution during surveys with the peak count in each breeding period.39

INCH CAPE OFFSHORE LIMITED
www.inchcapewind.com Vi



Abbreviations and Acronyms

CEH
GAM
GPS
ICOL
MS LOT
n/a

SD
SNCB
SNH
SPA

WTG

INCH.CAPE OFFSHOR
www.inchcapewind.com

Centre for Ecology and Hydrology
GeneralisedAdditive Model

Global Positioning System

Inch Cape Offshore Limited

Marine Scotland Licensing Operations Team
Not applicable

Standard Deviation

Statutory Nature Conservation Bodies
Scottish Natural Heritage

Special Protection Area

Wind Turbine Generator

E LIMITED

Vi



Appendix

BIOLOGICAL ENVIRONMENT l 1 D
Estimation of theDevelopmentAlone and Cumulative Effects from Displacement and Barrier Effects

11D Estimation of theDevelopmentAlone and Cumulative Effects from
Displacement and Barrier Effects

11D.1 Introduction

1 The Scoping Opinion from Marine Scotland Licencing and Operations TeamlhQWS
identifies six key seabird species on which potential impacts fronDiaeelopmentshould
be assessedAppendix 11AOffshore OrnithologyBaselineSurveyRepor). O these six
species, the Scoping Opinion advises that displacement and barrier effects should be
considered for four i.e. kittiwake, guillemot, razorbill and puffin.

2 5AaL)X I OSYSyli A& RSTAYSR ad W NBRdAzZOSR ydz¥oS
I R2FOSyld G2 Iy 2FFakKz2NB gAYR FIENNVQ o0CdNYySaa
and on the water (SNGRO017). Birds that do not intend to utilise a wind farm area but
would have previously flown through the area on the way to a feedindinge®r nesting
area, and which either stop short or detour around a development, are subject to barrier
effects (SNCB2017). For the purposes of assessment, however, it is usually not possible to
distinguish between displacement and barrier effects (fxample to define where
individual birds may have intended to travel to, or beyond an offshore wind farm, even
when tracking data are available). Therefore, in this assessment the effects of displacement
and barrier effects on the key seabird speciesamesidered together.

3 The overallpredictedeffect of displacement from an offshore wind farm ischang inthe
abundance of birds within theind turbine generator (WTGarray, between the baseline
(pre-construction)and construction and/oroperational pfases of the wind farm(although
effects are only likely to be ecologically significant if they extend into the operational phase,
given the relatively shofterm nature of construction)There are likely to be several main
affectswhich may causéhis chame in abundance, such as behavioural avoidarf@WTG
array, changes in prey abundance, availability or distributiand disturbance from
associated anthropogenic activitiee.g. boat traffic, helicopter traffic, presence of
maintenance personnel, etc.JThese different effects cannot hstinguished on the basis of
existing post-construction monitoringdata, which are generally designed to detect only
whether changes in abundance and distribution occur (as opposed to the causes of any such
changes). Athermore, changes in abundance within a wind farm @dso occur as a result
of attraction (e.g. fronreef effectscausing increases in prey and the structupgeviding
roosting sites; Dierschkeet al., 201§).

4 An offshore wind farm may represent a bamto movementsso thatbirds flyaround the
WTGarray, where in the absence of the wind farm, they would have taken a more direct
route to their destination, which is assumed be to beyond the wind fainus there may be
an effect of additional energyse to reach a destinatiorhese barrier effects have been
suggested tobe unimportant for migratory movements where the additional distance
needed to fly around the wind farm is trivial compared to the overall distance flown on
migration Masdenet al,, 2009. However, the accumulated effesodf a bird flying around
one or more wind farm®n foraging tri during the breeding season, when seabirds are
central placeforagers(so constrainingheir foraging distribution by the need teeturn to

INCH CAPE OFFSHORE LIMITED
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their nesh has the potential to be importantMasdenet al, 2010. In these cases, the
additional energetic requirements caused by the wind farm acting as a bdraigrthe
potential to affectadult survivaland/or breeding productivitySearleet al, 2014)

5 Thisreport presents the details of the approach and methods used to estimate the potential
displacement and barrier effects for the assessment on the four seabird species identified
above, along with the outputs from the resulting calculations. This is unkiemtéoth for
the Wind Farm alone and cumulatively with the other three Forth and Tay wind farms (i.e.
Neart na Gaoithe, Seagreen Alpha and Seagreen Bravo). In addition, as advised by the
Scoping Opinion, comparisons are made between the estimates of céspént and barrier
effects used in the assessment with those produced by alternative, individisald
modelling approaches which simulate the behaviour and energetics of individual birds from
Special Protection Area (SP#geding colonies i.e. the Seaile et al. (2014 and SeabORD
models

11D.2 Estimation of Dsplacement andBarrier Hfects forthe Purposes of theAssessment

11D.2.IThe SNCBMVatrix Approach

6 In the absence of strong empirical evidence for displaceraedtbarriereffects on seabirds
from offshore wind farms, a matrix approach to assessitite impacis has been
recommended by MEOT, following advice fro®cottish Natural HeritagéSNH (and as set
out in the Statutory Nature Conservation Bodi€SNCB) (2017) advice notg¢ The matrix
provides a tal# of the displacement rates, from zero per cent to 100 per cent, against
mortality rates, again from zero per cent to 100 per certtus,for a given populatiorsize
and any combined value of displacement rate and mortality rate, the matrix provides a
prediction of the number of birds that may die as a resultdidplacement fromthe wind
farm. In their Scoping Opinion, MS LOT provided recommendedeasonally specific
displacement rates and mortality rates for eaoh the four relevant species(Table 1.}
Although the estimated effects are derived by applying specified displacement rates, the
resulting predicted impacts are assumed to encompass both displacement and barrier
effects.

7 Following the advice of # Scoping Opinion, impacts from displacement aadier effects
were estimatedby applying the specified displacement and mortality rates to the peak
seasonal population estimates averaged across the two years of baseline survey (i.e. the
mean peak population sizeJhese population estimates includdéth birds on the water
and in flight. The seasonal periods used for each species are as defined in the Scoping
Opinion, and as set out below 8ection 11D.2.3

8 The Soping Opinion recommended that displacement was assessed for the Development
Area and @wo kilometre buffer, whereasthe baseline surveyénd the associated analyses
of bird densities) were undertaken fahe Development Areglus four kilometrebuffer

1 At the time of writing, the SeabORD model and associated documentation was unpublished.

INCH CAPE OFFSHORE LIMITED
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(subsequently referred to ashé Survey Ared)Thus,as agreed in the clarifications the
Scoping Opinion (letter of 17 October 2017 from MST tolnch Cape Offshore Limited
(ICOD), population sizes for the two kilometre buffer were estimated by extrapolafiom
those calculated for the four kilometre buffebgsed ornthe differences in the areas of each
buffer ¢ i.e. 280.4 kilometres squared and 128.1 kilometres squared for the four and two
kilometre buffer, respectively).

Figures showing the distribution tifie four seabirdspecies withinthe Survey Arealuring
eachof the surveys which contribute to the mean peak seasonal population estimates used
in the displacementassessmenare presentedin Annex11D1. Visual inspection of these
distributions within the buffer areasgives no indication ony strong or systemat bias
which could causeunderestimation of population sizes within tteo kilometre buffer as a
consequence of extrapolating from the four kilometre buffer. Such a bias could dccur
densities werelower in the two to four kilometre buffer zone than ithe zero to two
kilometre zonebut, based on the visual inspection, this only appears to occur for the 2011
breeding period peak count for razorbiFigure 110L.4), whilst the opposite appears to
occur in several of the other peak count surveys (égures 11D.1.{for July 2012)11D.1.5

(for October 2010) and1D.1.6(for June 2019)

Table 11D.1Displacement and mortality rates ugk in the matrix assessmentas
recommended inthe Scoping Opinion

Species Breeding season Non-breeding season

Displacement Mortality Displacement Mortality

Kittiwake 30% 2% Qualitative assessment requesfed

Guillemot 60% 1% 60% 1%

Razorbill 60% 1% 60% 1%

Puffin 60% 2% No assessment requested

1The qualitative assessment for kittiwakes in the fwaeding season is undertaken in relation to the SPA

populations with connectivity to the Development Area and two kilometre buffer and is detailed in¢he

Cape Wind Farm and Offshore Transmissiomké/Blabitats Regulation AppraigdCOL, 2018).

11D.2.2Speciesaccounts

10

Throughout the species accounts, tables have been colour c{gtegn for breeding season,
amber for nonbreeding seasaror in the case of the kittiwake neoreeding periods, amber
for spring passage and peach for autumn pas3agenake the recommended seasons clear.
The Scoping Opinion from MS LOTstated that the impacts from displacement should be
based on breding and norbreeding seasons.

2The surveys and subsequent analyses to estimate bird densities used a four kilometre buffer on the basis of
advice provided by SNH prior to the commencement oftibet-based surveys.

INCH CAPE OFFSHORE LIMITED
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Kittiwake

11 Kittiwakes were generally more abundaim the Development Area and two kilometre
buffer during the breeding season than the nbreeding seasor(Table 11D.J. Mean
abundance was slightly higheand peak abundance much highém, the first breeding
season (2011) than the second (2012). Pdakndance occurred in July in the first breeding
season and in June in the second.

12 The Scoping Opinion advised that only a qualitative assessment of displacement was
required for kittiwakes in thenon-breeding period. As such, the peak population size
estimates for kittiwake in the nebreeding period are not considered in detail.

Table 11D.2Estimated abundance of kittiwake in each month of survey. Seasons are
colour coded (green = breeding seasgreach = autumn passage (rdmeeding), amber =
spring passage (nehreeding). Peak abundancdor each breeding periodhown in bold.

Survey number | Month? Year Development Area | Buffer (2km) | Total
1 Sept 2010 26 251 277
2 Oct 2010 1147 1109 2256
3 Dec 2010 15 84 99
4 Jan 2011 196 393 589
5 Feb 2011 83 87 170
6 Mar 2011 104 142 246
7 Apr 2011 296 324 620
8 May 2011 1153 640 1793
9 Jun 2011 1441 1612 3053
10 Jul 2011 2344 2700 5044
11 Aug 2011 561 159 720
12 Sept 2011 1106 911 2017
13 Oct 2011 242 304 546
14 Nov 2011 260 1346 1606
15 Dec 2011 339 301 640
16 Jan 2012 279 625 904
17 Feb 2012 14 335 349
18 Mar 2012 729 354 1083
19 Apr 2012 136 1138 1274
20 May 2012 1503 649 2152
21 Jun 2012 1894 794 2688
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Survey number | Month? Year Development Area | Buffer (2km) | Total
22 Jul 2012 501 1209 1710
23 Aug 2012 459 460 919
24 Sept 2012 238 300 538

peak estimates.

1The the kittiwake breeding period was assumed to be-Aypdil to August (as advised in the Scoping Opinig
The April surveys were allocated to the breeding period, although their inclusion did not affesstakenal

13 Thebreeding period meapeakestimatewas 3,866 birdsTable11D.3, whichis thevalue

usedin the displacement analysiyy the matrix approach.

14 In order to better understand the distribution alie kittiwake breeding season abdance
data, a frequency distribution was plottedrigure 11D.1 The modal abundance occurred in

the lowest category of abundance (620,120 birds).The mean peak value was much larger

than both the mean and the median abundance of kittiwakes acrofis lx@eding seasons

(Table 11D.3 givingan indication of the likely level of precaution provided by the use of this
metric in the assessment

Figure 11D.1 Frequency distribution of kittiwake abundance estimates in the Development
Area and two kilometrebuffer in the breeding season. The mean peak value is shown as a
dark green line in the appropriate abundance bin.
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Table11D.3Summary statisticgor kittiwake abundance in the breeding season.

Period Mean SD
First breeding season 2246 1848
Secondireeding season 1749 700
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All breeding seasons mean 1997 1343
All breeding seasons median 1752 n/a
Meanpeak 3866 1666
Counts less than peak mean 9

Total counts 10

% less than PM 90.0%

Guillemot

15 Guillemots were more abundant in tHeevelopmentArea and two kilometrdouffer, during
the breeding season than the ndmeeding seasonT@ble11D.4. Mean abundance was
higher in the second breedirgeason (2012) than the first (201byt the peak abundance
was higher in the first. Peak abundance occurred in June in the first breeding season, and in
July in the second.

16 In the nonbreeding season, mean abundance vlightly higher in the second season of
study (2011/12) than in théirst (2010/11). Peak abundance was also higher in the second
non-breeding season than in the first

17 It should be noted that the final survey occurred in September 2012 and was the only
sample in he third nontbreeding season. Since this was the only sample in this sétaison
excluded from the analysigjthoughits inclusionwould not change any of the assessments
or conclusions.

Table 11D.4 Estimated abundance of guillemot in each month of supeSeasons are
colour coded (green = breeding season, amber =4oeeding). Seasonal peak abundarsce
shown in bold.

Survey number | Month? Year Development Buffer Total
Area (2km)
1 Sept 10 421 546 967
2 Oct 10 835 1116 1951
3 Dec 10 282 758 1040
4 Jan 11 886 977 1863
5 Feb 11 344 599 943
6 Mar 11 1808 1384 3192
7 Apr 11 137 248 385
8 May 11 1466 1210 2676
9 Jun 11 4545 5389 9934
10 Jul 11 2396 2086 4482
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Survey number | Month! Year Development Buffer Total
Area (2km)

18 Thebreedingseasonmeanpeakestimatewas 8,B4 birds Table11D.5, which is thevalue
usedin the displacement analydiy the matrix approach

19 In order to better understand the distribution of guillemot breeding season abundance data,
a frequency distribution was plottedrigure11D.2. Thedistribution was quite flat, with two
peaks in the 885 1,385 and 2385¢ 2,885 abundance categorieEhe mean peak value was
much larger than both the mean and the median abundance of guillemots across both
breeding seasond &ble 11D.p givingan indication of the likely level of precaution provided
by the use of this metric in the assessment.
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Figure 11D.2 Frequency distribution of guillemot abundance data in the Development Area
and two kilometre buffer in the breeding seasoMhe mean peakalue is shown as a dark
green line in the appropriate abundance bin.
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Tablel1D.5Summary statistics of guillemot abundance in the breeding season.

Period Mean SD
First breeding season 3726 3808
Second breeding season 4314 2266
All breeding seasormsean 4020 2970
All breeding seasons median 3579 n/a
Mean peak 8184 2476
Counts less thamean peak 9
Total counts 10
% less thamean peak 90.0

The nonbreeding season meapeak estimatewas 3,912 birdsTable11D.§., which is the
value used in the displacement analylsyghe matrix approach.

The frequency distribution of guillemot nebreeding season abundance data is shown in
Figure11D.3 Peak abundances occurred in the lower three categories, between 492 and
1,992 birds.The man peak value was much larger than both the mean and the median
abundance of guillemots across both nrbreeding seasonsTable 11D.J§ giving an
indication of the likely level of precaution provided by the use of this metric in the

assessment.
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Figurel1D.3 Frequency distribution of guillemot abundance data in the Development Area
and two kilometre buffer in the norbreeding season. The mean peak value is shown as a

dark amber line in the appropriate abundance bin.
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Tablel1D.6Summary statistics ofjuillemot abundance in the notoreeding season.

Period Mean SD
First nonbreeding season 1659 878
Second nofbreeding season 1762 1358
All nontbreeding seasons mean 1715 1116
All nonbreeding seasons median 1390 n/a
Mean peak 3912 1018
Counts less thamean peak 12
Total counts 13
% less thamean peak 92.3
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Razorbill

Razorbill peak abundande the Development Areand two kilometre buffeoccurred in the
second norbreeding seasoliTable11D.?. However, the peak abundance in the first Ron
breeding season was lower than in both breeding seasons that were saniésh and
peak abundance was higher in the second breeding season (2012) than th&2fixkt).
While the difference in the mean abundanavas relatively large (almost double in the
second breeding season), the peak abundances were sirfitek abundance occurred in
Julyin both breeding season

In the nonbreeding seasonthe mean and peakabundance were higher in the second
season ofsidy (2011/12) than in thdirst (2010/11).

It should be noted that the final survey occurred in September 2012 and was the only
sample in the third nofbreeding season. Since this was the only sample in this sétaison
excluded it from the analysisalthough its inclusionwould not change any of the
assessments or conclusions.

Tablel11D.7Estimated abundance of razorbill in each month of survey. Seasons are colour
coded (green = breeding season, amber = #dweeding). Seasonal peak abundarse
shown n bold.

Survey Month? Year | Development Area| Buffer (2km) Total
number
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Survey Month?! Year | Development Area| Buffer (2km) Total
number

1The razorbill breeding period was assumed to be April toAnidust (as advised by the Scoping Opinion).
Both August surveys weiecluded within the breeding period as they occurred in the first half of the mont

25 The breeding season meaeak value was 4,671 birdggble11D.§, which is the value used
in the displacemen&nalysisy the matrix approach.

26 In order to betterunderstand the distribution of razorbill breeding season abundance data, a
frequency distribution was plottedF{gure11D.4. There was a clear peak in the lowest
abundance category (216716 birds).The mean peak value was much larger than both the
meanand the median abundance of razorbills across both breeding sea¥abt (11D.8
giving an indication of the likely level of precaution provided by using this metric in the
assessment.

Figure 11D.4 Frequency distribution of razorbill abundance data ie Bevelopment Area
and two kilometre buffer in the breeding season. The mean peak value is shown as a dark
green line in the appropriate abundance bin.
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Period Mean SD
Firstbreeding season 1260 1874
Second breeding season 2088 2073
All breeding seasons mean 1674 1914
All breeding seasons median 626 n/a
Mean peak 4671 98
Counts less thamean peak 9
Total counts 10
% less than PM 90.0

27 The nonbreeding season megmeakvalue was 4,905 birdg &ble11D.9, which is the value

used in the displacement analysis by the matrix approach

28 The frequency distribution of razorbill ndareeding season abundance data is shown in
FigurellD.5 Peak abundance occurred in tloavest category, between 171 and 671 birds.
The mean peak value was much larger than both the mean and the median abundance of

razorbills across both naebreeding seasonsTéble11D.9, giving an indication of the likely

level of precaution provided by these of this metric in the assessment

INCH CAPE OFFSHORE LIMITED
www.inchcapewind.com

120f 62



Appendix

BIOLOGICAL ENVIRONMENT l 1 D
Estimation of theDevelopmentAlone and Cumulative Effects from Displacement and Barrier Effects

Figure11D.5Frequency distribution of razorbill abundance data in the Development Area
and two kilometre buffer in the norbreeding season. The mean peak value is shown as a
dark amber line in the appropriate aburahce bin.
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Tablel1D.9Summary statistics of razorbill abundance in the nbneeding season.

Period Mean SD

Firstnon-breeding season 1044 935
Secondhon-breeding season 1408 2482
Allnon-breeding seasons mean 1240 1865
Allnon-breeding seasonsiedian 596 n/a
Meanpeak 4906 2952
Counts less thamean peak 12
Total counts 13
% less than PM 92.3
Puffin

29 Puffins were more abundant in tHeevelopment Area antivo kilometre bufferduring the

breeding season than the ndireeding seasonT@ble11D.1Q. Mean and peak abundanse
were higher in the second breeding season (2012) than the first (2011). Peak abundance
occurred in May in the first breeding season, and in August in the seddred.Scoping
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Opinion advised that no assessment of displacetrend barrier effects was required for
puffin in the norbreeding period.

Table11D.10Estimated abundance of puffin in each month of survey. Seasons are colour
coded (green = breeding season, amber = #dwreding). Peak abundancefor each
breeding periodshown in bold.

Survey number | Month! Year Development | Buffer (2km) Total
Area

1The puffin breeding period was assumed to be April to-August (as advised by the Scoping Opinion). Botl
August surveys wernacluded within the breeding period as they occurred in the first half of the month.

Thebreeding periodnean peakestimatewas 5,678 birdsTable11D.13, which is the value
used in the displacement analysis by the matrix method
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31 In order to betterunderstand the distribution of puffin breeding season abundance data, a
frequency distribution was plotted~{gure11D.§. There was a clear peak in the abundance
categoryencompassing the range fro;036 to 2,536 birdsThe mean peak value was larger
than both the mean and the median abundance of puffins across both breeding season
(Table11D.1), giving an indication of the likely level of precaution provided by the use of

this metric in the assessment.

Figure 11D.6 Frequency distribution of puffin abusce data in the Development Area
and two kilometre buffer in the breeding seasoifhe mean peak value is shown as a dark
green line in the appropriate abundance bin.
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Tablel1D.11Summary statistics of puffin abundance in the breeding season.

Mean SD
First breeding season 2134 1050
Second breeding season 3598 2692
All breeding seasons mean 2866 2075
All breeding seasons median 2296 n/a
Mean peak 5678 3160
Counts less thamean peak 9
Total counts 10
% less than PM 90.0%
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11D.2.FEstimatedimpacts ofdisplacement andoarrier effects ¢ Developmentalone

32

33

34

For each speciem each seasoal periodrequiring assessment matrix of displacement
against mortality was calculated. Thesee presented inPAnnex11D2 and show the total
possible range &m zero per centnortality andzero per centdisplacement, to 10@er cent
mortality and 100per centdisplacement. In eachatrix, the recommended displacement
and mortality rate is highlighted in green, and interaction between these two is highlighted
in dark green. In addition, thestimates obtained by applying displacement rate 1(@er

cent lower or higherthan that advised in the Scoping Opini@nd the mortality rateone

per centlower or higher than that advised in the Scoping Opinionsli@vn fa each. These
are providedto highlight the extent to which estimated mortality varies in relation to
variation about theeecommended displacement and mortality rates.

The seasonamnean peak abundance estimate$or each species in each seasfmn which
impacts from displacement and barrier effects are to be quantitatively asseased
summarised inTable 11D.12 The standard deviation (SD) about the mean value is also
shown in each case.

The estimated mortalitiesbtained by applying the recommended rates of displacement and
of mortality amongst displaced birds to these abundance estimates are presenfieabla
11D.13 These argresented in terms of the total estimatanortality of birdsin each year,
and as thenumbers of breeding adults and saldults estimated to die As advised in the
Scoping Opinion, the mortality is apportioned to the adult and-adblt age classes
according to the atea survey data for kittiwake and the stable age structure derived from
the relevant population models for guillemot, razorbill and puffiralfle 11D.13see also
Appendices 1lAand 11B. The estimated mortality amongst the adult age claissalso
amended to account for the presence of sabbatical birds, which are assumethfwise 10

per cent of the adult kittiwvakes and seven per cent of the adults of the three auk species.

Tablel1D.12Seasonameanpeakabundanceestimates for each species (on tleeaand in
flight) within the Development Area and two kilometre buffer

Mean peak (hnumber of
Spedes Season individuals) SD
Kittiwake Breeding season 3866 1666
Breeding season 8184 2476
Guillemot
Non-breeding season 3912 1018
Breeding season 4671 98
Razorbill
Non-breeding season 4905 2952
Puffin Breeding season 5678 3160
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Tablel11D.13Thepredicted annual mortality fromdisplacementand barrier effects for the
Developmentalone, by total numbers and as apportioned to age classes

Total
Mean Number of | mortality Mortality
peak birds (number of | Mortality of sub-
Species| Season |abundancg displaced | deaths) | of adults? | adults®
Kittiwvake |Breeding 3866 1160 23 19 2
Breeding 8184 4910 49 20 28
Guillemot
Nonbreeding | 3912 2347 23 10 13
Breeding 4671 2803 28 13 14
Razorbill
Nonbreeding | 4905 2943 29 13 15
Puffin Breeding 5678 3407 68 24 42

1Calculated sing rates of displacement and mortality of displaced birds, as recommended in the Scopin
Opinion Table 11D.1

2Apportioning of mortality to age classes is based upon theesatsurvey data for kittiwakgiving 93 per cent
adults during the breeding period), and the stable age structures of population models for guillemot (43
cent adults), razorbill (49.0 per cent adults) and puffin (38.1 per cent adults). Adult mortality is also redy
10 per ent for kittiwake and seven per cent for the three auk species to take account of sabbatical birdg
these percentages as advised in the Scoping Opinion).

35 For kittiwake, the Scoping Opinion advised that only a qualitative assessment of
displacement was required for the ndireeding period, and this has been provided in
relation to each of the SPA populations with connectivity to the Development Area within
the Inch Cape Wind Farm and Offshore Transmission Works Habitats Regulation Appraisal
(ICOL, 2018).

11D.2.4&stimated mpacts ofdisplacement and hrrier effects - cumulative

36 A guantitative cumulative assessment was carried out for Die¥elopmenttogether with
the other threeForth and Tawind farms as advised in the Scoping Opinion. This was for
the breeding period for all four species aal$othe nonbreeding period for guillemot and
razorbill. For the other three Forth and Tay wind farms, théditional mortality resulting
from displacement and barrier effects was calculated by the SNCB matrix approach using
mean peak seasonal abundance estimates for each of the four species provided by the
respective developerflable 11D.1%

37 The mean peakabundance estimates for Neart na Gaoittege derived from treir
development area and an associated two kilometre buffer, as for Brevelopment
However, the asea baseline surveys for the two Seagreen sites encompassed the
development areas only, and didot include surrounding buffer Therefore, the peak
seasonal abundances for the two Seagreen sites were adjusted by extrapolating the
densities for each site across an assumed two kilometre buffer. The Seagreen sites are
contiguous along their longest badary, so that these assumed buffers did not extend out
along the boundary between the two site$hus, if the two Seagreen sitage considered
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together as a single site, this assumed buffer encompasses the entire sitewbah
considered as separatetas, eachis partially buffered to avoid including areas for which the
bird abundances already incorporated into the estimate for the neighbouring siteus, the

mean peak abundance estimates for Seagreen Alpha were adjusted on the basis of a
calculatedarea of 197.2 kilometres squared for the site and 300.2 kilometres squared for
the site plus partial buffer, whilst the estimates for Seagreen Bravo were adjusted on the
basis of a calculated area of 193.7 kilometres squared for the site and 295.1 kdsmet
squared for the site plus partial buffer.

Table11.14Seasonal meapeak abundancesstimates for each species (on the sea and in
flight) within the Neart na Gaoithe, Seagreen Alpha and Seagreen Bstias and two
kilometre buffers.

Mean peak (number
Species Project Season of individuals) S
Neart na Gaoithe 2164 1816
Kittiwake | Seagreen Alpha | Breeding season 2220 -
Seagreen Bravo 2707 -
Neart na Gaoithe 3263 2028
Seagreen Alpha | Breeding season 12190 -
Seagreen Bravo 10778 -
Guillemot
Neart na Gaoithe 7618 3342
Seagreen Alpha | Nonbreeding season| 6131 -
Seagreen Bravo 6780 -
Neart na Gaoithe 1248 582
Seagreen Alpha | Breeding season 2768 -
Seagreen Bravo 993 -
Razorbill
Neart na Gaoithe 3101 1491
Seagreen Alpha | Nonbreeding season| 1253 -
Seagreen Bravo 1723 -
Neart na Gaoithe 6173 2365
Puffin Seagreen Alpha | Breeding season 3704 =
Seagreen Bravo 5340 -

1Based on abundance estimates provided by the respective developers but with the Seagreen values am
to account for an assumed two kilometre buffer (see text for further explanation).
2No SDabout the mean is provided for the Seagreen sites because of the extrapolation involved in calculg
the mean peak abundance estimates.

38 The estimated mortalities obtained by applying the recommended rates of displacement and
of mortality amongst displaced birds to the abundance estimates for each of the Forth and
Tay wind farms are presented rable 11D.15These are presented in terms thfe total
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number of birds estimated to die in each year, and as the numbers of breeding adults and
sub-adults estimated to die. As for theevelopmerialone {Table 11D.18 the mortality is
apportioned to the adult and subdult age classes according feetatsea survey data for
kittiwake and the stable age structure derived from the relevant population models for
guillemot, razorbill and puffinTable 11D.15 see alsoAppendices 11Aand 11F. The
estimated mortality amongst the adult age class is alscerasled to account for the
presence of sabbatical birds, which are assumed to comprise 10 per cent of the adult
kittiwakes and seven per cent of the adults of the three auk species.

Table11D.15 The predicted annual mortality from displacement and barrieieefs for the
Inch Cape Wind Farm cumulatively with the other three Forth and Tay wind farms, by total
numbers and as apportioned to age classes

Total Mortality of | Mortality of
mortality adults? sub-adults?
(number of
Species Project Season deaths)

Inch Cape

Neart na Gaoithe

Kittiwake | Seagreen Alpha

Seagreen Bravo

Cumulative impact

Inch Cape

Neart na Gaoithe

Seagreen Alpha

SeagreerBravo

Cumulative impact

Guillemot
Inch Cape

Neart na Gaoithe

Seagreen Alpha

Seagreen Bravo

Cumulative impact

Inch Cape

Neart na Gaoithe

Seagreen Alpha

Razorbill
Seagreen Bravo

Cumulative impact

Inch Cape
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11D.3

Total Mortality of | Mortality of
mortality adults? sub-adults?
(number of
Species Project Season deaths}

Neart na Gaoithe | Preeding | 49 8 9

Seagreen Alpha 8 3 4

Seagreen Bravo 10 5 5

Cumulative impact 66 30 34

Inch Cape 68 24 42

Neart na Gaoithe 74 26 46
Puffin Seagreen Alpha Breeding | 44 16 28

Seagreen Bravo 64 23 40

Cumulative impact 251 89 155
1Calculated sing rates of displacement and mortality of displaced birds, as recommended in the Scopin
Opinion Table 11D.1
2Apportioning of mortality to age classes is based upon theeatsurvey data for kittiwake (giving 93 per ce
adults during the breeding period at each site, except Seagreen Bravo where 95 per cent were estimatg
be adults), and the stable age strunts of population models for guillemot (43.8 per cent adults), razorbill
(49.0 per cent adults) and puffin (38.1 per cent adults). Adult mortality is also reduced by 10 per cent fo
kittiwake and seven per cent for the three auk species to take accousghifatical birds (with these
percentages as advised in the Scoping Opinion).
STotals for each site are rounded to the nearest integer and so may differ from the cumulative totals.

Comparisons withestimates of displacement and barrier effects fromdividual-

based modelling approaches

11D.3.1ndividualbased Modelling Approaches

39

40

The Scoping Opiniofand subsequent clarificationsChapter 11, Table 1E)ladvised that
estimates ofdisplacement and barrier effects as generated by indivithaasled modelling
approaches should besedto provide context to the estimates produced by the SNCB
matrix approach.In this regard, the Scoping Opinion specifically identified the existing
estimates from the work of Searlet al. (2014) undertakenin relation to theForth and Tay
wind farms, and the SeabORD maqdehich is a prototype toolthat was in the course of
being developedit the timethe Scoping Opinion was published. To inform this elenhuf

the assessment, the Centre for Ecology and Hydrology (CEH) were commissid@€iltby
run the SeabORD model in relation to the Wind Farm alone awmdritbination with the
other three Forth and Tay wind farms. This was undertaken before publicafiahe
SeabORD modehnd at the time of writing the model remains unpublished

These individuabased modelling approachesimulate the behaviour and energetics of
individual birds from breeding seabird populations under baseline conditions (i.e. with no

3 At the time of writing, the correspondence relating the clarifications of the Scoping Opinion is available at:
http://ww w.gov.scot/Topics/marine/Licensing/marine/scoping/ICOLRevXE/Ornithology@192017

[Accessed 15/05/18]
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wind farm present) and compare the resulting demographic estimates to model runs
undertaken in scenarios which have the wind farm(s) of interest present (so that birds
undertaking foraging trips from the colony have the potential to incur energetic costs f
barrier effects and of increased intspecific competition for food if they are displaced). In
both the SeabORD and Seagleal. (2014) models, these effects are estimated in terms of
changesto adult and chick mortalitywith the available outputselating to the individual

SPA populationshat are of interest to the assessmenthe estimated mortality to adult
birds relates only to the breeding period.

41 Both the SeabORD and Seaateal. (2014) models rely upon predictions of the distribution
of seabird prey resources and of foraging bitglsth of hese aspects are determined by the
availability of Global Position System (GPS) tracking data from breeding birds associated with
the colonies of interest.For theSearleet al. (2014) model these predictions derived from
relatively small numbers of tracked birdse. 33 to 53 forfive of the SPA populations
relevant to the current assessmenand fewer than19 for the remaining five SPA
populations of relevance, including one population with no tracking data available).
Consequently, the Searlkt al. (2014) modelconsideredscenarios of both heterogeneous
prey distribution (as determined using the GPS tracking data) andorm (or
homogeneais) prey distribution across the entire Forth and Tay region for each SPA
population that was eventually modelled, so giving two estimates of effects for each of these
populations.

42 Further GPS tracking datave become availabler some of the SPA populats of interest
since the Searlet al. (2014) work, so that the SeabORD modelling is based upon a larger
sample of such datée.g. Wakefielcet al, 2017) Neverthelessuniform prey distributions
havehadto be assumed by SeabORD for both puffin andntilt due to the fact that GPS
tracking data for these species are available from 8Ré&populationonly.

43 As well as the predictions of the distribution of prey resources and of foraging birds, both
modelling approaches are underpinned by a range of ot#esumptions and predictions
(e.g. on the relationships between adult body mass and survival), each of which have
associated uncertaintieszull details of theSearleet al. (2014)modelling approacttan be
obtained from the published report to Marine Scotland Science,dbiuthe time of writing
full details of the SeabORD modelling approachrateyet available

11D.3.ZEstimatingDisplacement and Barrier EffesUsingSeabORD

44 Details of the SeabORD modelg undertaken to inform the current assessmeate
provided inAnnex11D.3 In summary, the modellingras based upon 10 matched paired
model runs (i.e. with and without the wind farm(s) of interest present) for each SPA
population and wind farm scenarigi.e. Developmentlone or ircombination) with the
percentage of birds within each population assumed to be susceptildespdacementbeing
equivalent to the speciespecific displacement rates advisky the Scoping Opinion (i.e. 30
per cent for kittivake and 60 per cent for the three auk species). BRA & LJX | OSY Sy i
4dzaO0OSLIAO0ESQ O0ANRA GSNBE | faz2 AsiadvimtSrihe & dza OS L
clarifications to the Scoping Opiniom two kilometre buffer was assumed forthe
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Development Area andach of the other three Forth and Tay wind farms for the purposes of

this modelling, whilst birds displaced from foraging within the wind farms (and associated

buffers) were assumed to #®cate to forage in areas that were within five kilometres of the

wind farm from which they had been displaceddl modelling usedi KS & LISNA YS G SNE
to calculate flight paths around the wind farms (there being two options for this calculation

within the SeabORD modelphd had theseed number set at 19873.

Except for the guillemoSPApopulations, the modelling was undertaken on the basis of
sampling 100 per cent of tr@mulatedpopulation. For guillemotnodelling was based upon
sampling 50 per cent of the Forth Islands SPA population and 10 per cet othier three

SPA populations with connectivity to tli#zevelopment Area and two kilometre buffésee
above). The presence of birds from a range of the colonies with connectivity to the
Development Area and two kilometre bufféncluding noRSPA coloniesyas incorporated

into the modelling, although estimates of effects were generated only for the SPA
populations of interest.

At the time of commissioning the SeabORD modellinged to inform the current
assessment, MBOT were unable to provide advice e number and range of prey levels
that should be encompassed by the modelliagd advised thathis should be determined
via discussion witlCER Following discussion between ICOL and @igiderate prey levels
were assumedor each SPA populatiqwith values as ilnnex 11D}

Theeffectson adult and chick mortality predictday SeabORBre expressedas percentage

point changedi.e. the number of deaths expressed as a percentage of the source population

size). For thddevelopmentalone, the effecton adult mortalityrange from adecrease of

noénnp LISNI OSyid F2NJ G4KS {4 'o0060Qa ISR (G2 Clafd
of 0.59 per cent for the Forth Islands SPA puffin population, whilst for chick mortality they
rangeFN2Y | RSONBIFIAS 2F ndnno LISNI OSyid F2N) G4KS
population to an increase of 1.1 per cent for the Forth Islands SPA kittiwake population

(Table 11016). In terms of the predictedn-combinationeffects, for adult mortaty these

range froma decreaseof 0.004 per cent for the Buchan Ness to Collieston Coast SPA
guillemot population to a increaseof 1.63 per cent for the Forth Islands SPA puffin
population, whilst forchick mortality they range from decreaseof 0.02 pe& cent for the St

l1o6Qa | SR G2 clrad /lFradtsS {t! JdzAaft f Sy23G Lk LM
Forth Islands SPA kittiwake populatidrable 110L7).

For all specieshe predictedeffectson both adult and chick mortalitsre invariably gratest

for the Forth Islands SR¥pulations,with the effects on other SPA populatioofen orders

of magnitude lower. This applies to both the Developmentalone and ircombination
scenariogTables11D16 and 11D17). Such differences might be expected in relation to the

{G 160Qa I SFR G2 crad /radadtsS {t! FTyR (KS . dz
considerably greater distances of these two SPAs from the Development Area and the other

Forth and Tay wind farmddowever, such marked differences in the magnitude of the

4 Letter of 29 September 2017 from MS LOT to ICOL.
5 Letter of 3 November 2017 from MS LOT to ICOL.
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predicted effects between the Forth Islands SPA populations and the Fowlsheugh SPA
populations are more surprisingjven that the Fowlsheugh SPA is a similar distance from
the Development Area (49 kilometres compared to 40 kilometres fahe Forth Islands

SPA) and is closer to both of the Seagreen wind farm sites (at 46 kilometmapared to

68 kilometresfor the Forth Islands SPAbove respectively, albeit that it is considerably
further from the Neart na Gaoithavind farm site (at 73 kilometres, compared to 21
kilometres for the Forth Islands SPA

The estimates of uncertainly associated with the predicted effects on adult and chick
mortality are expressed as 95 per cent prediction intervgdsinex11D.3. These invariably
encompass a wide rangd values with the lower and upper interval values differing from
the mean bymore than 100 per cendf the meanfor 33 of the 40 estimates and with the
intervals spanning zero for 30 of the 40 estimatdakles 11006 and 11D17). The
calculated 95 per cent intervals only account smme of the known sources of variability
and uncertainty in estimating the effects on adult and chick mortality, wéheral known
and potentially impotant sources of uncertainty unaccowt for (e.g. uncertainty in the
adult body mass and survival relationshipeeAnnex11D.3.

Table 11D16 The predicted percentage point changes in adult and chick mortality as a
result of displacement and barrier effects for different SPA populatioficom the
Developmentalone, as estimated by the SeabORD and Seatlal. (2014) models

SPA Species SeabORD Searleet al. (2014}

Adult Chick Prey Adult Chick
mortality | mortality | distribution? | mortality | mortality
(95 % (95 %
prediction | prediction
interval) | interval)

Forth Islands |Kittiwake |0.20 (0.03¢[1.10 ¢0.54|Uniform 0.31 -0.44
0.37) ¢2.73)
Heterogeneous 0.47 -0.14
Guillemot [0.22 (0.08¢|0.62 ¢0.71| Uniform - -
0.36) ¢1.94)
Heterogeneous - -
Razorbill {0.24 ¢0.04/0.65 (-0.60|Uniform 0.09 0.07
¢0.52 ¢ 1.90)
Heterogeneous 0.11 -0.17
Puffin 0.59 (0.24¢|0.39 €0.77|Uniform 1.44 1.73
0.94) ¢ 1.56)
Heterogeneous 0.13 -0.31
Fowlsheugh |Kittiwake [0.005 ¢0.01/0.08 ¢0.37|Uniform 0.15 -0.06
¢ 0.02) ¢ 0.53)
Heterogeneous 0.21 0.03

5Taken as the distance to the Isle of May, whidfds the largest numbers of kittiwake, guillemot and razorbill
amongst the different colonies that comprise the Forth Islands SPA.
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SPA Species SeabORD Searleet al. (2014}
Adult Chick Prey Adult Chick
mortality | mortality | distribution? | mortality | mortality
(95 % (95 %
prediction | prediction
interval) | interval)
Guillemot [0.007 ¢0.07/0.05 ¢0.07|Uniform - -
¢ 0.08) ¢ 0.16)
Heterogeneous - -
Razorbill {0.14 ¢0.03|0.40 ¢1.25|Uniform - -
¢0.32) ¢ 2.04)
Heterogeneous - -
{ G ! 00 (Kittiwake [0.002 (0.02|-0.003  ¢|Uniform 0.00 -13.57
to Fast Castle ¢0.02) 0.04¢ 0.04)
Heterogeneous -0.03 -0.94
Guillemot |-0.005 €10.00 €0.04| Uniform - -
0.02¢ 0.01) |¢ 0.04)
Heterogeneous - -
Buchan Ness [ Guillemot |0.00 (0.00¢ [0.00 (0.00¢ | Uniform - -
to Collieston 0.00) 0.00)
Coast Heterogeneous - -
10utputs from Searlet al. (2014) were not available for some SPA populations either because of a lack o
AYGSNI OlGAz2y 2F GKS aAayvydzZ I GSR {t! O6ANRa ¢gAGK (K

SPA and Buchan Ness to Collieston Coast SPA and razorilofrdsheugh SPA) or else the effects could

be estimated reliably.

2Modelling in Searlet al.(2014) was undertaken for both uniform and heterogeneous prey distributions fg
each SPA population, whereas SeabORD used only heterogeneous prey dissifartikittivake and guillemo,
and only uniform prey distributions for razorbill and puffin (due to insufficient tracking data for the latter t\

specieg; seellD.3.).

Appendix

11D

Table 11D17 The predicted percentage point changes in adult and chick mortality as a
result of displacement and barrier effects for different SPA populations from the
Developmentin-combination with the other three Forth and Tay wind farms, as estimated
by the SeabORD and Searle et al. (2014) models

SPA Species SeabORD Searle et al(2014)11
Adult Chick Prey Adult Chick
mortality | mortality | distribution2 | mortality | mortality
(95 % (95 %
prediction | prediction
interval) | interval)
Forth Islands | Kittivake [0.84 ¢0.19(5.89 ¢0.19¢|Uniform 1.97 2.14
¢1.87) 11.97)
Heterogeneous 1.82 1.18
Guillemot [1.42 (027 ¢|5.62(-4.31¢|Uniform - -
257) 15.55)
Heterogeneous - -
Razorbill |0.59 (0.22¢|1.87 €1.76¢|Uniform 0.82 -1.99
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SPA Species SeabORD Searle et al(2014)1L
Adult Chick Prey Adult Chick
mortality | mortality | distribution2 | mortality | mortality
(95 % (95 %
prediction | prediction
interval) | interval)
0.96) 5.49) Heterogeneous 0.24 2.93
Puffin 1.63 (0.74¢| 1.34 €2.48¢ | Uniform 3.32 4.87
2.51) 5.15)
Heterogeneous -0.04 1.56
Fowlsheugh [Kittiwake [0.10 (0.02¢|0.49 ¢0.63¢|Uniform 0.48 1.67
0.18) 1.61)
Heterogeneous 0.44 -
Guillemot [0.14 €0.005|1.01 €0.66¢ | Uniform - -
¢ 0.29) 2.67)
Heterogeneous - -
Razorbill |0.27 ¢0.03|0.52 ¢1.23¢|Uniform - -
¢ 0.57) 2.27)
Heterogeneous - -
{ G ! 00 |Kittiwake [0.04 ¢0.05/0.14 ¢0.10¢ |Uniform 0.18 -
to Fast Castle ¢0.12) 0.38)
Heterogeneous 0.22 -
Guillemot [0.02 €0.08/0.02 €0.12¢ | Uniform - -
¢0.12) 0.17)
Heterogeneous - -
Buchan Nes| Guillemot |-0.004 €10.09 €0.12¢ | Uniform - -
to Collieston 0.04¢ 0.03) | 0.29)
Coast Heterogeneous - -

10utputs from Searle et al. (2014) were not available for some SPA populations either because of a lack
AYGiSNY OliAzy 2F GKS &aAvdzZ FGSR {t! O0ANRA ¢AlGK (K
SPA and Buchan Ness to Collieston Coast SPA and razorbills from Fowlsheugh SPA) or else the effects
be estimated reliably.

2Modelling in Searle et al. (2014) was undertaken for both uniform and heterogeneous prey distributions
each SPA population, whereas SeabORD used only heterogeneous prey distributions for kittiwake and ¢
and only uniform prey distributions for razorkalhd puffin (due to insufficient tracking data for the latter two
specieg; seellD.3.).

11D.3.omparisons of théredicted Effects from SeabORD and Seagteal. (2014)

50

Predictions of adult and chick mortality resulting fratisplacement and barrier effectss
calculated by the earlier Seard al. (2014) model aralsopresented inTables 11016 and
11D17 for comparison with the SeabORD outputfiesepredicted effectsare available for
a subset of the SPA populations of interestly. This isbecause thes was a lack of
interaction of the simulated SPA birds with the Forth and Tay wind farreaeme instances

(leading to ngpredictedeffects) whilst in others the effects could not be estimated reliably.

The Searleet al. (2014) modellinglsoassumed a om kilometre buffer for the Development

Area and each of the other Forth and Tay wind farms (in contrast to the two kilometre buffer

used inthe currentSeabORIodelling, whilst for kittiwaket wasassumed that 40 per cent
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of birds were susceptible to gflacement and barrier effects (as opposed to 30 per cent for
the current SeabORD modelling).

For most SPA populatios) the adult mortality effects predicted by the Seadeal. (2014)
model using the different assumed prey distributionended to show rasonable
agreement Howeverthe Forth Islands SPA puffin population was a notable exception in this
regard with the effects for the homogenous prey distribution being orders of magnitude
greater thanthose predicted usinghe heterogeneous prey distribistn for both the
Developmemtalone and ircombination scenarioslhe predicted chick mortalities tended to
show greaterdifferences according to the assumed prey distributiomwith this again
relatively marked for the Forth Islands SPA puffin populafi@bles 1116 and11D17).

The effects predicted by the SeabORD and Sesréd. (2014) modelshowvarying degrees

of agreement Thus,approximately only half of the estimated effects from Seasteal.

(2014) lie within the 95 per cent prediction intgals of the correspondingseabORD
estimate, despite these encompassing a wide range of values. This level of correspondence
is irrespective of the prey distribution assumed in the Seetrid. (2014) modelling.

Across the different SPA populationthe predicted adult mortalites from SeabORDare
highly correlated with those fronthe Searleet al. (2014) model when uniform prey
distributions are assumed(r = 0.97 when consideringthe Developmentalone and in
combination estimates together although the correlation is apparent for both the
Developmemtalone and ircombination estimateswhen considered in isolatign This
correlationis not reliant solely upon the razorbill and puffin SPA populations modelled using
uniform prey distributions by SeabORDe(ithe estimatedor the kittiwake and guillemot
SPA populations are also correlated, desyite fact that the SeabORD model uses GPS
tracking data to predict prey distributions for those specief\nnex11D.3. However,
despite this high correlation, theffects predicted by the Seartt al. (2014) model argon
averagemore than twice as largas those predicted by SeabORD

In contrast to the above, there is little evidence of close correlation between the adult
mortalities predicted by Seab@Rand those predicted by the Searket al. (2014) model
when based upon heterogeneous prey distributions (r = 0.14), or between the chick
mortalities predicted by SeabORD and those predicted by the Setaale(2014) model (r =
0.31 and r = 0.49 for the Searkt al. (2014) estimates based uponniform and
heterogeneous prey distributions, respectivelyhe chick mortalities predicted by SeabORD
tended to be greater than those predicted by the Seatlal. (2014) model, irrespective of

the prey distributionassumed by the latterT@ables 1106 and11D17).

Overall, it is difficult to discern clear consistencies in the effguisdicted bythe two
individuatbased modelling approaches usem examine displacement and barrier effects.

"The rvalue is the Pearson correlation coefficient, for which values can range from 0 (no correlation) to 1
(perfect corrdation). The statistical significance associated with r = 0.97 for a sample size &<10.301
(indicating that the likelihood of this level of correlation occurring by chance is less than one in a thousand).
8Based upon the regression of the SeabORD estimates against the&ear({2014) estimates, which gives

the equation y = 0.47x + 0.02.
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This is perhaps unsurpiig given thatsome of the assumptionspplied to the two
approaches differ (i.e. in terms tie buffer distances and, for kittiwakes, the proportion of
displacement sensitive birfisas will the underpinning predicted distributions of prey
resources andoraging birdsfor those specieswhere the sample of GPS tracking data has
increased in the intervening period between the development of the two models
Furthermore, there are likely to be differences inthe structures and functioning of the
underlying malelling systemshemselves

The fact that theadult mortalities predicted bySeabORD correlate strongly with those
derived from the Searleet al. (2014) model when based upon unifornbut not
heterogeneous,prey distributionsseems surprising and could indte that outputs are
particularlysensitive to changes in the undging GPS tracking data. At the same time, the
very markeddifferencesin the predicted effects on the Forth Islands SPA puffin population
according to the model used and, for Seagteal. (2014), the assumptions concerning prey
distribution suggest considerable uncertainty surrounds tmedictions for some SPA
populations at least.

11D.3.4Consideringhe SNCB Matrix Estimates in Relationttee Predicted Effects from SeabORD

57

58

59

Direct comparisos of the predicted effects from the SeabORD mawuiéh those derived by
applying the SNCB matrix approach are limited because of the differences in the outputs
produced by each of these approaches. Thus, predictions from the SeabORD model are
restrictedto the breeding period and concerned with effects on adult and chick mortality,
whereas the matriXas used in the current assessment) has considered both the breeding
and (for guillemot and razorbill) neloreeding periods and has estimated effects in teiwhs

the mortality to adult andsub-adult birds (but not to chicks)rherefore, direct comparisons

are limited to the predicted adult mortalitduring the breeding periorable 11D.18

To enablehese @mparisonsto be made for eactsPA population, the max estimatesof

adult mortality during the breeding periodag presented inTable 1105 above were
apportioned tothe respective SPA populations and expressed as percentage point changes
in mortality. This was undertaken kiyrst applying the apportionrant estimates presented

in Table 11B.3f Appendix 11BApportioning Effects to SPA Colonies During the Breeding
and Nonbreeding Seasor&nd whichare calculated for each SPA population in relation to
the Inch Cape Wind Farm and each of the other threghFand Tay wind farn)s The
number of adult deaths per annum attributed to each SPA population was then expressed as
a percentage of the number of individual adult birds estimaieeach population(Table
11D19).

In terms d predicted adult mortality during the breeding periathe estimates produced by

the matrix lie within the 95 per cent prediction intervals of the SeabORD estimates for six
and seven of the 10 SPA populations for thevelopmentalone and ircombination
scenarios, respectively Table 110L8). The estimates from the SeabORD model are
invariably greater than those from the matrix for the Forth Islands SPA populations (for both
the Developmemnalone and ircombination scenariosyand for the incombination sceario

for the Fowlsheugh SPA populations. FRoost other SPA populations, the matrix produce
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higher estimates of breeding period adult mortalithough the estimated effectisy either
method were small in several of these instancEsere wadimited evidenceof correlation
between the estimateproduced by the matrix and the SeabORD mddet 040 and r =
0.42for the Developmentalone and ircombination estimates, respectively).

Table 11D18 Predicted adult mortality amongst SPA populatiorduring the breeding
period, as estimated by the SNCB Matrix and the SeabORD model forDieelopment
alone and incombination with the other three Forth and Tay wind farms

SPA Species | Percentage point changes in| Percentagegpoint changes in
adult mortality for the adult mortality for in-
Developmentalone combination
Matrix SeabORD Matrix SeabORD
estimate estimate (95 % | estimate estimate (95 %
prediction prediction
interval) interval)
Forth Kittiwake | 0.044 0.20 (0.0% 0.37) | 0.147 0.84 ¢0.19¢ 1.87)
Islands
Guillemot | 0.018 0.22 (0.08; 0.36) 0.056 1.42 (0.27 2.57)
Razorbill | 0.052 0.24 ¢0.04¢ 0.52 0.089 0.59 (0.2%; 0.96)
Puffin 0.04 0.59 (0.24¢ 0.94) 0.086 1.63 (0.74 2.51)
Fowlsheugh| Kittiwake | 0.029 0.005 ¢0.01¢ 0.02) | 0.0& 0.10 (0.0%; 0.18)
Guillemot | 0.010 0.007 ¢0.07¢ 0.08) | 0.0c4 0.14 ¢0.005¢
0.29)
Razorbill | 0.040 0.14 ¢0.03¢ 0.32) | 0.103 0.27 €0.03¢ 0.57)
{ G ! 0 q Kittiwake | 0.016 0.002 ¢0.02¢ 0.02) | 0.038 0.04 €0.05¢ 0.12)
Head to
Fast Castle
Guillemot | 0.006 -0.005 ¢0.02¢ 0.025 0.02 ¢0.08¢ 0.12)
0.01)
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SPA

Species

Percentage point changes in
adult mortality for the
Developmentalone

Percentagepoint changes in
adult mortality for in-
combination

Matrix
estimate

SeabORD
estimate (95 %
prediction
interval)

Matrix
estimate

SeabORD
estimate (95 %
prediction
interval)

Buchan
Ness to

Guillemot

0.001

0.00 (0.00z 0.00)

0.008

-0.004 ¢0.04¢
0.03)

60

61

62

Collieston
Coast

The largest differences breeding period adult mortalitpetween the matrix and SeabORD
estimates were associated with theorth Islands SPA populatigrier which three of the

four Developmentalone and two of the four kitombination SeabORD estimategre an
order of magnitude(or more) greater than the corresponding matrix estimatdaple
11D18). These differences were mtosarked for guillemot and puffinwith the SeabORD
estimates for guillemot beindl2 and 25 times greater than the matrix estimates for
Developmertalone and ircombination, respectively, whilst for puffin they we2é and 19

times greater foiDevelopmertalone and ircombination, respectively. As noted abovee
effects predictedby the SeabORD model were particularly high for the Forth Islands SPA
populations, whilst the effects predicted on the Forth Islands SPA puffin population by the
SeabORD and Séaet al.(2014) modelling showighvariability.

The comparisons between the SeabORD and matrix estimates can be used to derive the
displacement and mortality rates that are required to match the SeabORD estimates of adult
mortality, given the mean peak abundance estimates and associated apportioning used to
estimatethe number of birds from each SPA population tbatur withinthe Development

Area and two kilometre buffefas well aghe developmentareas and associated buffers for

the other three Forth and Tay wind farm3hus,if the displacement rate advised in the
Scoping Opinioris assumedthe mortality rate of displaced guillemots from the Forth
Islands SPA would have to b2 fder cent to match the estimates produced by Seabd&

the Developmertalone, and26 per cent to match the irtombination estimates. Similarly,
mortality rates of displaced puffins from the Forth Islands SPA would have46 fber cent

to match theDevelopmentalone estimates from SeabORD, &flper cent to match the in
combination estimates from SeabORidting thatthe matrix approach has usedraortality

rate amongst displaced birds of one per cent for guillemots and two per cent for puffin, as
advised in the Scoping Opiniojkewise, in these exgntes adisplacement rate of over

100 per cent would be required to match the SeabORD estimates of mortality if it is assumed
that the mortality rate amongst displaced birds is as advised by the Scoping Opinion.

The above examplekighlight the most extrera differences between the adult mortality
estimates produced by the matrix and the SeabORD model. However, for several other SPA
populations,the mortality rates amongst displaced birds would have totheee to nine

times greater than advised in th&coping Opinion if the displacement rates advised in the
Scoping Opinion are applied, whilst the displacement rates would have to exceed 100 per
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cent if the mortality rates amongst displaced birds are as advised in the Scoping Opinion
(Table 11018).

These comparisons suggest that the SeabORD estimates of adult mortality during the
breeding period may be unrealisticallyigh for some SPA population®\n alternative
explanation isthat the assumptions on which the matrix approach is based fail to take
sufficient account of barrier effects (whichay be less dependent on the estimates of the
number of birds using the wind farm sites) thie turn-over of SPAbirds on the wind farm

sites. However, the matrix approaamcorporatesthe estimatesof birds in fligh within the
Development Area and two kilometre buffer, as well as those recorded on the \ster
accounting for birds potentially exposed to barrier effecég)d uses the mean peak count of
birds on the wind farm sites (plus their associated buffeve)jch (as detailed above)
incorporates a relatively high degree of precaution (given the extent to which it exceeds the
meanand medianestimates of abundanceX.herefore, these explanations seem unlikely to
be sufficient in themselves to account for highontality estimates produced by the
SeabORD model

As a further sense check drow the SeabORD estimated adult mortality relate to those
produced by the matrixthe percentage of each SPA populatibat isrequired tooccur on

the wind farmsites and their buffers to account for the mortaligstimated by SeabORD was
calculated. This calculation was based upon applyingrétes of displacement andof
mortality amongst displaced birds advisby the Scoping Opiniofand used in the matrix
approach)to the SeabORD mortality estimatefaple 11019). The comparison indicates

that approximately 30 to 50 per cent of each of the Forth Islands SPA populations have to
occur within theDevelopment Area and two kilometre buffes account for the estimizd
mortality, whilst these percentages approach or greatly exceed 100 per cent when all of the
Forth and Tay wind farms are considerethlfle 11019). A relatively high percentage
occurrence of the Folsheugh SPA populations is also indicated when athFord Tay wind
farms are considered.

Therefore, the comparison with the SPA population sizes again suggests that the SeabORD
model has produced unrealistically high estimates of mortality for some SPA populations,
particularly those from the Forth Islan@&PAThis conclusiordepends uporthe assumption

that the rates of displacement and of mortality amongst displaced birds adviisate
Scoping Opinion are reasonable agun@ not gross underestimatedVhilst there is a lack of
supporting data to confirmhis assumption, it remains the case that these rates have been
determined on the basis of careful consideratiohwhat isplausiblefrom the biological
perspective, with there beingroad agreement on these rates by the range of expertise on
which the Scping Opinion relied.
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Table 11D19 The percentage of each SPA population estimated to be using the
Development Area and two kilometre buffefupper rows)and the combinedForth and
Tay wind farm sitesand buffers (lower rows) on the basis of relating theSeabORD
estimates of adult mortality to the rates of displacement and mortality amongst displaced
birds that are advised by the Scoping Opinion

SPA Species SPA Estimated adult Estimated| Percentage of
population mortality number of | SPA populatior
size birds ushg| estimated to
(number of | Percentage| Number | y,q gite(sy | use the site(s)
individuals)| ~ Point | of deaths (%)
change
Forth Kittiwake |9,326 0.20 19 3,109 33
Islands
0.84 78 13,056 140
Guillemot 38,573 0.22 85 14,143 37
1.42 548 91,289 237
Razorbill |7,792 0.24 19 3,117 40
0.59 46 7,662 98
Puffin 90,010 0.59 531 44,255 49
1.63 1,467 122,264 136
Fowlsheugh Kittiwake (19,310 0.005 1 161 1
0.10 19 3,218 17
Guillemot | 74,379 0.007 5 868 1
0.14 104 17,355 23
Razorbill |9,950 0.14 14 2,322 23
0.27 27 4,478 45
{ G ! o dKittiwake |6,668 0.002 0 22 <1
Head to
Fast Castle
0.04 3 445 7
Guillemot 48,516 -0.005 -2 N/A N/A
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SPA Species SPA Estimated adult Estimated| Percentage of
population mortality number of | SPA populatior
size b birds ushg| estimated to
(number of | Percentage| Number | o gjte(sy | use the site(s)
individuals)| ~ Point | of deaths (%)
change
0.02 10 1,617 3
Buchan Guillemot |45,067 0.00 0 0 0
Ness to
Colieston 0.004 2 N/A N/A
Coast e )
1Calculated by multiplying the estimated number of deaths by the breeding period rates of displacement
mortality amongst displaced birds advised for each species by the Scoping Opinion (i.e. 60 per cent
displacement for guillemot, razorbill and puffimd 30 per cent displacement for kittiwakes, and one per ce
mortality for guillemot and razorbill and two per cent mortality for puffin and kittiwake).

11D.3.XConclusions

66

67

The above comparisons suggest considerable variability in the predicted effectaifeom
individuatbased modelling approaches angotentially, considerable sensitivity in the
outputs according to certain assumptions on which the modelling is based (notably in terms
of prey distributions). The extrapolations from the adult mortality esties produced by

the SeabORD model suggest that for some populations (particularly from the Forth Islands
SPA) unrealistically high rates of displacement and/or of mortality amongst displaced birds
are required for these estimates to match the populatiozes (as determined by the mean
peak counts) recorded on the Development Area and two kilometre buffer, and on the other
Forth and Tay wind farm sites. Similarly, extrapolations based on the advised rates of
displacement and of mortality amongst displackitds suggest that the use of the
Development Area and two kilometre buffer and the other Forth and Tay wind farms would
have to be unrealistically high amongst some SPA populations to match the adult mortality
predicted by SeabORD.

This suggestthat the level of knowledgend understanding of the biology underpinning the
effects of dsplacement and barrier effecton breeding seabird populations may be
insufficientat the current timeto enable reliable prediction using sophisticated individual
based moelling approaches (albeit that such approaches/e considerable potential to
advance the understanding of these effect8s suchthe matrix approach may remain a
more suitable method for estimating impacts from displacement and barrier effects at the
current time, given its greater reliance on qualitatia@ expert) consideration of what is
likely to be biologically plausible afid dependence on bird abundance estimates from the
actual sites of interest
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Annex 11D.1: Distribution and abundance of seabird species dusunyeysthat contribute to the calculation of the

mean peak counts

Figure 11D.1.Kittiwake distribution during surveys with the peak count in each breeding period
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Figure 11D.1.%uillemot distribution during surveys with the peak count in each breeding period
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Figure 11D.1.3 Guillemot distribution during surveys with the peak count in each-bi@eding period
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