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List of key terms

A list of terms (in English and Danish) and their explanations.

Table0.1 Terminology including Danish and English terms as wekgglanations

English (abbreviation)

Pre-investigation area

Phase 1 area of the pro-
posed plan for the pro-
gramme North Sea Energy
Island

NSEI

Extended bird survey area

Distancesampling

Detection function

Spatial modeing

Project ID: 10412920

Danish

Forundersggelsesomrade

Fase domrade af Plan for Pro-
gram Energig Nordsgen

Nordsg Energig omradet

Udvidet indersggelsesomrade

for fugle

Distancesampling

Detektionsfunktion

Rumlig modelering
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Explanation

The area covered by the survey permit for North Sei
Energylsland and the geographical scope of the
technical baseline reports.

Thephase 1 arealefines the areaof the proposed
plan for the programme North Sea Energy Island
wherebird surveys were undertaken

The area for thePlan for Programme North Sea En-
ergy Island

An area defined by a 20 km buffer zone around the
phase 1 areaThis area was surveyed for birds by us
of aerialsurveysThe phase 1 area
as a short form for the area.

A method to record observations with distance to an
observerto estimate density and total abundance for
a species.

Modelling the declining probability of detection of an
individual or cluster of individuals witincreased dis-
tance from the observer to the object.

A method to produce distribution maps, and associ-
ated uncertainty, from sampled data.
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Report preface

This report This report was commissioned by the Danish Energy Agency to the corsortium of NIRAS and Aarhus Uni-
versity. It constitutes a description of the obtained results from the birds survey in connection with the planned con-
struction of an Energy Island in the Nith Sea

The report builds upon existing knowledge on birds and data on birds in the North Sea area, as well as new data col-
lected and analyses conducted during this programme. It consists of six main chapters and an initial report summary.
Chapter 1 intraluces the report and explains the aim of the birds study. Chapter 2 gives an overview of existing availa-
ble data on birds in the North Sea area. Chapter 3 describes the methods for field surveys and data analysis, and
Chapter 4 descriles the results of thestudy. Chapters 5 and 6 contains the discussion and the conclusion, respectively,
of the report, and a list of references is provided in Chapter 7. Appendix 1 describes details the principles for estimat-
ing species abundance based on visuateal observabns.

The work was carried out by Aarhus University (DCE) in collaboration with the University of St. Andrews and NIRAS
A/S.

Aarhus University (DCE) designed and conducted the data collection for this project. DCE collected and analysed the
data for all parts of the workThe University of St. Andrews conducted thdistancesampling analyses and the spatial
models for selected brd species irchapter3.4.1and chapter 3.4.2 NIRAS oversaw report stcture and design. NIRAS
staff also assisted with data collection.

Energinet helped write the introductory section of Chapter 1.
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Summary

From 2021 to 2023, a comprehensive birds survey were conducted for the North Sea Energy Island site in the northern
central part of the Danish North Sea. In combination with the somewhat limited existing data on birds in the area, this
survey aimed to gatler thorough background data for future environmental impact assessments of upcoming wind

farm projects. The investigation area in the North Sea consists of tidal, exposed, saline watér§@2n deep and is

among the most oceanic of the Danish waters.dovered a total areanf 4,814 kni. The investigation area is referred

to as Ot bedsextveywydadead and included the phase 1 area
ignated pre-investigation area is contained within the extenddsitd survey area, se€igure 1.1

Twelve aerial bird surveys were conducted from March 2022 to November 2023 to quantify the abundance, distribu-
tion and trends of relevant birds at sedach survey was conducted by a single aircraft over a single day. The surveys
employed thedistancesampling survey method. This approach allowed forodelling selected bird species' total
abundances and distributios. Based on these modelled estimates, persistency reéqr the survey areawerecre-

ated, highlighting areas of high or low importance for specific species or species groups across all surveys. Data from
each of thetwelve surveys were used to derive informian for the following species/species groupsorthern fulmar,
northern gannet, black legged kittiwake, andrazorbill/common guillemot. The maximum estimated numbers per sur-
vey were 2,36orthern fulmars, 3,79horthern gannets, 4,96 blacklegged kittiwakes, and 27,24%azorbillskom-

mon guillemots.The aerial survey revealed that the avifauna within the extendd survey area was dominated by
offshore bird species, with northern fulmar, northern gannet, blaldgged kittiwake, razorbill and commo guillemot
being the most numerous. Other gull species than blatdgged kittiwake, such as European herring gull, lesser black
backed gull and great blackbacked gull were also frequently recorded in the area. Terns were recorded in low num-
bers. Arctic €rn was most abundant, while common tern occurred in lower numbers. Terns are migratory species and
not present in Danish waters over the winter.

Eleven shipbased observations of birds were conducted from November 2021 to November 2023 with special foospecies
flight altitudes and flight patterns.

Nearly all individuals of some species groups, suchaigds terns and skuas, were recorded flying very low over the

sea surface (25 m). In contrast, waders and gulls tended to fly at higher altitudes. For example, Europeating

gull and great black backedgull were recorded flying up to 214 m and 184 abovethe sea surfacerespectivelyOb-
servations from these surveys also provided valuable insights into species composition for birds that are challenging to
identify from aerial surveys. For example, divers were exclusiraglythroated divers, whilealcidscomprised 16%a-

zorbills and 84%common guillemots, with notable seasonal variatisim their composition.

There was from the onset of this project scheduled for recording of bird flight information from a radar system on a
platform to the west of survey eea with the purpose with the aim of gathering data on a) altitude distribution of birds
in the area day and night and b) relative volume/movement intensity of flying birds in the vertical plane. This proved
to be impractical, and the shighased platform wsing rangefinder was chosen for the purpose. The flight altitudes of
birds investigated from shighased surveys represent daylight observations only and might differ from nocturnal flight
patterns, which could not be measured.

An overview of existingird data from the Danish North Sea is presenteihcluding data from athree dayaerial sur-
vey in April/May 2019covering the entire Danish North Sedhese data were sed to estimate abundances and distri-
butions for selected species/species groups. For tlata set the following species could be useded-

throated/black throated diver, northern fulmar, northern gannet, black legged kittiwake andrazorbill/common guil-
lemot. These species' estimated abundaesfor the entire Danish North Sea April/May 20D were 22,648 divers,
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46,437northern fulmars, 31,728orthern gannets, 4,47 2lacklegged kittiwakes and 89,68fazorbillscommon guille-
mots.
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1. Introduction

With the Climate Agreement for Energy and Industry of the 22nd of June 2020, the majority of@heish Parliament
agreed to establish an energy island in the Danish part of the North Stha dNorth Sea Energy Islariifhereafter
NSEIl)as an energy hub with a connection to Jutlaras well as interconnectors taeighbouring countries. To estab-

lish an environmental baseline for the later environmental permitting processes for the specific progsaries of
environmental preinvestigations have been carried out. This report concerns baseline data and information on .birds

1.1 Aim

The birds survey aims to generate new data and compile existing data and information for theipvestigation area

of the North Sea Energy Island to be handed over to the future concessionaires as environmental baseline information
for the concessionar e s @ envi r onment hanispEnergyiAgency, R022histeohnieakrep@tsaims

to collate bird data to facilitate future evaluations of avian impact assessments related to the proposed NSEI and asso-
ciated offshore wind farms.

The specific objective of the birds survey is to provide specific information on thdéaensional bird distribution and
abundance in time and space throughout the annual cycle within the phase 1 area. In addition of compilation of exist-
ing data and information, the programme comprised two main elements, namely:

1. Mapping avian species abundance and distribution at sea throughout the annual cycle
2. Describingthe density of bird flight volume in three dimension#ncluding flight altitude

Avian abundance was primarily assessed baseddistancesampling line transect surveys undertaken frohigh-
winged aircraft, based on twelve surveys conductéem March 2022 to November 2023. Information on avian flight
volume and altitude was gathered from eleven shipased surveygonducted between November 2021 and March
2023. Theship-based surveys focused on providingssential information to support future a&n collision risk assess-
ments. The shipbased surveys alsprovided information on thecomposition ofspecies thatwvere difficult to identify
from aerial surveys.

1.2 Survey area

In this report, three area definitions are used, as showrFigure 11 These were defined in the original scoping report

for the survey and follow a somewhat different layout than was later determined. The areastateh e phase 1 ai
theproposed plan for the pr o(pherenafterMeferredto asstelae Emle 3, §yh & sproeaadd
i nvest i gandthed re x & rbieda @ d v e yThesfirstavasiused to design the environmental survey pro-

grammes as per the scopingreptrdé Th e e kirde® und\e @ ys equal ® théd p h a s e plus a 20kra lauffer
surrounding it. Thed p-r Bv e s t i giathetrapezeshapeda®@a.
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Figurell The North Sea Energy Island investigation area. phase 1 aregpre-investigation area, extended bird survey area, and
pre-defined transect lines and waypoints for the aerial bird surveys are shown.
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2. Existing data

2.1 Overview of existing bird data from  the Danish part of the North Sea

While the inner Danish waters have been surveyed for birds for many years, the available data on bird distributions in
the North Sea is scarce. The Danish part of the North Sea was surveyed for birds bytstsed surveysn the 1970s

and 1980gSkov, Durinck, Leopold, & Tasker, 1995; Stone, et al., 1995; Tasker, Webb, Hall, Pienkowski, & Langslow,
1987)and aerial surveys in the 198Qksaursen, et al.1997) Since then, relatively few surveys of birds have been con-
ducted in the North Sea. The most notable activity was a series of aerial line transect bird surveys concerning the
Horns Rev area wind farms. These started in 1999 and continued unti226ompiling around 50 surveys spread

across the annual cycle but covering a relatively small geographical area.

The southern part of the Danish North Sea has been surveyed irregularly since 2002. These surveys mainly focused on
the presence of redthroated and blackthroated diveis as part ofthe designation of a Birds Directive area designated
for those two bird speciegPetersen, Nielsen, & Clausen, 2016; Petersen, Nielsen, & Clausen, 2019)

The central east parts of the Danish North Sea have been irregularly surveyed for birds by aerial surveys from 2015.
This encompasses an area from Blavand in the south to Thyborgn in the north, extending approximately 70 km to sea.
Most of these surveys were conducted late spring, focusing on the redhroated diver and its relation to the Marine
Strategic Framework Directive. In 2019, five surveys were conducted in this eseamissioned by the Energy Agency

in relation to astrategic environmental assessment of thend farm developments(Petersen & Sterup, 2019)

In the northern parts of the North Sea, aerial surveys for birds were undertaken with a special focus on marine birds
along the southern flank of the Norwegian Trench. Thesere requested by the Environmental Agency for a plan for
the designation of a Birds Directive Special Protection Area for seabirds such as the northern f{ifetersen,

Nielsen, & Clausen, 2016)

In 2012 and 2013, five dal surveys of birds in a geographically restricted area in Jammerbugten were conducted
(Nielsen & Petersen, 2014)he surveys were commissioned by Vattenfall to plan offshore wind farms in that area.

The only recent survey with total bird survey coverage in the Danish North Sea was conducted in April/May 2019.
These surveys were conducted over three dayetersen, Nielsen, & Clausen, 2018patial models for selectedoe-
cies from this survey are carried out as part of the North Sea Energy Island project and presentedhapter 4.2.

Between November 2013 and April 201six aeral bird surveys were conductedround the Vesterhav Syd offshore
wind farm The surveys were conducted alorfBeastwest oriented transect lines from the coast b6 to 30 km from
the coast and fromNymindegabin the south to@by in the north (NIRAS, 2015)

Between February and April 201dixaerialbird surveys were conductearound the Vesterhav Nord offshore wind
farm. The surveys were conducted along 20 easést oriented transect lines from the coast to 26 30 km from the
coast and from north of Thorsminde in the south to north of Thyborgn in the norfNIRAS, 2015)

The area ofHorns Revhas been intensively monitored since 2000. A total of 56 aerial surveys of that hesa been
conducted up until 2024. Due to water depth and distance the coast that area has a different species composition
from the North Sea Energy Island survey area. At Horns Remmon scotes were abundantly present across most of
the annual cyat, excluding summer. Also, redhroated divers appeared in that area in higher numbers than in the
North Sea Energy Island survey arg®etersen, Nielsen, & Mackenzie, 2014)
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2.2 Overview of birds in the extended bird survey area

The bird species composition of the extenddalrd surveyarea figurell) is dominated by marine birdshat acquire
food either from the sea surface (surface feedes)from pursuing fish or zooplankton in the pelagic zone (pelagic
feeders).The area is generally too deep for benthos feeders acquiring food from the seabBlde distribution ofpe-
lagicfood items is clumped and dynamic over time at a fine geographiciale. The prey distributiors likely to be
driven by oceanographic and topographic features.

The distribution of the foraging birds can quickly adjust the local and temporal distribution of prey. Therefore, using
information on prey distribution walld be beneficial predictor variables fanodelling bird abundances at a fine geo-
graphical scale. Data on prey distributions at geographical and temporal scales releteatite bird distributions are
unavailable, and such variables have not been used here.

In this report we model the spatial abundance and distribution of selected bird species usiagal surveys. While the
distribution of bird species can often be very clumped for individual survehe data reveals littleelustering when dis-
tributions are evaluated over multiple surveys in persistency analyses (chap®#2.5. We assume this relates to the
rather uniform topographic and oceanographic nature dhe extendedbird survey area, where features that deter-
mine the bird distributions vary considerably between surveys.

The bird community in the extendedbird survey area is dominated by staging birds angh a smaller degreeby ac-
tivelymigrating speciesThe extended birdsurvey areds 60 to 140 km west of Jutland's west coast, which means
there are no major migration corridors throughouthe area. The area could have nocturnal migration of terrestrial
birds, especiallyin the autumn. Such data was not collected under this project.

Northern fulmars, northern gannes, blacklegged kittiwakes, razorbills and common guillemos are prominent bird
species in the survey area. Tée species are described below.

221 Northern f ulmar

The northern filmar is a circumpolar species with a populatiém the northern Pacific and the northern Atlantiaitilis-
ing marine arctic to temperate areas all yeddorthern fulmars aresurface feedes collecting food from the sea sur-
face.Theybreed on cliff ledges.

The northern filmar is a longlived species. They mature atpproximatelynine years and have an average life span of
18 yeargTasker, Webb, Hall, Pienkowski, & Langslow, 1983Ying clutches of only one eggqr year, the reproduc-
tion rate of the species is very low.

The globalnorthern fulmar population is estimated at 10,000,000 to 12,000,000 individ(Mklory, Hatch, &
Nettleship, 2020) The European population is estimated at 33,000to 3,500,000 breeding pairs, corresponding to
6,760,000 to 7,000,000 mature individugBirdLife International, 2024Yhe total European population, including im-
mature birds, is thudarger. It should be noted thatthe estimatedisted above are associated wittonsiderable uncer-
tainties.The northern filmar is listed as Leagoncern (LC)n the Global Red ListBirdLife International, 2018ut as
Vulnerable (VU) on the latest Europe Red List (BirdLife International, 2021b)

There are no recent estimations aforthern fulmar abundances in the North Sea.

222 Northern gannet

The rorthern gannet is an Atlantic seabird species. It breeds in coastal coloimiéke temperate zone. It is migratory,
utilising the Atlantic Ocean southwards to ca. 20°8hd, to a lesser extentthe Mediterranean SeaThenorthern gan-
net diet comprises fish, and birds plunge dive to moderate depth for schooling fish spec{®owbray, 2020)
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The migration pattern of twelvenorthern gannets from Helgoland showed that three of the twelve birds wintered off
the west African coast, while the rest wintered\estern Europe. One bird wintered in the Baltiand over the last 18

years northern gannets have occurred in Skagerrak and Kattegat in markedly higher numlileas was previously the
case(Garthe, et al., 2024)

The rorthern gannet is a longlived species. Themature at three to five yearsand birds are known to have reached
25 years(Mowbray, 2020) Laying clutches of only one eggey year, the reproduction rate of the species is very low.

The global population, all within the norther Atlantic Ocean, comprisé&50,000 to 1,200,000 individuals. The largest
part of the populationbreeds in colonies in the United KingdorBirdLife International, 2024 he northern gannet is
listed as Leas€oncern (LC)both under the Global Red LigBirdLife International, 2024nd the European Red List
(BirdLife International, 2021a)

No recent estimates of total northern gannet abundance in the North Sexst

The East Atlanticnorthern gannet population was influenced by a severHighly Pathogenic Avian InfluenzgHPAI)
outbreak in the summer of 2022As a result of this eventhe breeding population in the United Kingdom decreased
by 25% between the breeding seasons of 20and 2023(Tremlett, Morley, & Wilson, 2024)

2.2.3 Black-legged kittiwake

The Hacklegged kittiwake is a mediunsized gull specieslit breedsin the temperate and arctic zones, with a nen
breeding distribution primarily in the temperate zondslack legged kittiwakes are surface feederand theirdiet com-
prises small fish species and larger zooplanktqhlatch,Robertson, & Baird, 2020)

Black legged kittiwakes breed at three to five years of age. They typically lay clutches of three eggsuival rates for
northeast European birds showed annual survival rates o¥a® 88% (Hatch, Rbertson, & Baird, 2020)The species
is migratory.

The global population ofblacklegged kittiwakes is estimatedat 14,600,000 to 15,700,0@0rds. The European popula-
tion is estimated at 1,730,000 2,200,000 pairs, which equates to 3,460,0004,410,000 mature individuai@BirdLife
International, 2024)The species is listed as Vulnerable (VU) undertb@irdLife International, 2021#)e (BirdLife
International, 2024jand the European Red LigBirdLife International, 2021a)

224 Razorbill

The razorbill has an arctic, subarctic and temperate breeding distribution in the Atlantic Ocean, including the Baltic
Sea. During he non-breeding seasonthe birds are found in temperate parts of the same area. The species breeds in
rocky coastal areas and has an entirely marine distribution over the fioreding season(Lavers, Hipfner, &
Chapdelaine, 2020)

Razorbils are long-lived and reach maturity atfour to seven years oldand the clutch size is always one egghe esti-
mated annual survival ratés 89% to 92%, with geographical variatiofLavers, Hipfner, & Chapdelaine, 2020

Razorbills mainly feedn small schooling fish but also crustaceans and polychaete spedisy acquire their food by
pursut diving.

The azorbill has a global population of.,250000 to 2,480,000 individual{Wetlandsinternational, 2022)This species
has two subspeciedilca torda torda(A. t. tordg and Alca torda islandic#A. t. islandic® and theformer subspecies is
divided into two subpopulations, a west Atldic and an east AtlanticThe subspecie#\. t.torda breeds ineastern
North America, Greenland, Bear Island, Norway, Murmansk, White Sea and the Baltid'Bewestern population is
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estimated at 130,000 individualehile the eastern parts estimatedat 290,000 to 350,000 individuals. The t. island-
icasubspeciedreeds in Iceland, the Faroethe United Kingdom, Helgolandgnd northwest France. Ihas an esti-
mated population size of 830,000 to 2,000,000 individug¢dsEWA, 2022)

The origin of razorbills found in théanish part of the North Sea is poorly knowtt.is estimated that 33%riginates
from the United Kingdond gopulation, 59% from the Norwegian population and 8% from the Baltic population
(Lyngs & Kampp, 19967 he Baltic razdrills are considered residentof the Baltic or aranoving into Kattegat. Razor-
bills in the Danish North Sea thus comprise the UK and Norwegian populations.

The species is listed as Lea@@ncern (LC)under the Global Red LigBirdLife International, 2024)nd the European
Red Lis{(BirdLife International, 2021a)

2.25 Common guillemot
The @mmon guillemot has a arctic,subarctic and temperate distribution in the Atlantic and the Pacific Ocedri®
species breeds in coastal cliffs and has an entirely marine distribution over the Im@eding season.

The @mmon guillemot is a longlived species. It reaches maturity awo to seven years oldand the clutch size is al-
waysone egg. The annual adult stvival rate is high, from 7&to 97.4% in Atlantic coloniefAinley, Nettleship, &
Storey, 2021)

Common guillemos feed on small schooling fish, larger zooplankton and squids purstit diving.

The common guillemot has a estimatedglobal population 0f8,300,000 breeding pairs. 3,300,000 of thopairs

breed in the Atlantic OcearfAinley, Nettleship, & Storey, 2021 the northeastern Atlantic area, three subspecies of
common guillemot are reognised, Uria aalgeaalge (U. a. aalge)Uria aalge albionigU. a. albionisand Uria aalge
hyperborea(U. a. hyperborea)The subspecied). a.aalgeis divided into two subpopulations, an east Atlantic and a
Balticsubpopulation Theeast Atlanticsubpopulationis numerically the largest, estimated to count 4,600,000 to
5,700,000 individuals, while the BalSabpopulationis estimated at 77,000 to 100,000 individuals. The population size
of U. a. albionigs estimated at 500,000 individuals, while a. hyperboreas estimated at 600,000 to 640,000 individu-
als(Wetlands International, 2022)

The AtlanticU. a. aalgepopulation breeds inthe northern United Kingdom, Faroes, Iceland and west Norwaghile
the Baltic populdion of the same subspecies breeds in the Baltic SBaa. hyperboredreeds in northern Norway and
Svalbard, whildJ. a. albionidreeds in the southern parts of the United Kingdom, Irelarfekance, the Iberian Penin-
sula and Helgoland, Germany.

The origin of common guillemots found in the Danish part of the North Segisorly known From ringing recoveries,
it was estimated that 85% of the common guillemots in Danish waters derive from tin¢édl Kingdombreeding pop-
ulation. In comparisonanother 5% was estimated to derive from the Faroese breeding populatamd the remaining
10% from theU. a. albionigpopulation. The Baltic part of th&J. a. aalgepopulation was estimatedo comprise 7% of
non-breeding common guillemots in the Danish waterall of which are considered to stay in the Baltic Kattegat
area TheU. a. hyperboreaubspecies is considered to spend the ndireeding season north of Danish wate(tyngs
& Kampp, 1996)

The east Atlantic population isstied as Leas€oncern (LQ under the Global(BirdLife International, 2024)nd the Eu-
ropean Red List(BirdLife International, 20214Jhe Norwegian breeding population was classified as critically endan-
gered under the Norwegian Red List, based @m 85% to 90% declineisce the 1966 (Stokke, et al., 2021)
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2.3 EU Special Protection areas for birds in the North S ea

In the Danish part of the North Seahree EU Special Protection Areas have been designat€declosest area is the

EU SPA number 126, Skagerrakproximately50 km north of the North Sea Energy Islaqthase 1 areaThe second
closestareais the Southern North Sea, EU SPA number 113, approximately 80 km southeast of the North Sea Energy
Islandphase 1 aredFigure2.1). The third area, EU SPA number 57, hasiarine part in the western part of it but has
mainly been designated for coastal or Waddenzee bird species.

.

Legend

[ Pre-investigation area

[ Phase 1 area

Extended bird survey
area

[ ] Danish EEZ border

i EU Special Protection
Area for Birds

150 Kilometers
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©
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Figure2.1 The marine EU SpeciRrrotection Areasf the Danish part of the North Sea. The paositiof the North Sea Energy Island
phase 1 areathe preinvestigation area and the extended bird survey area is indicated, as is the Danish EEZ border.

EU SPA number 126 was designated2id21, wittnorthern fulmar and great skua on the list of designatduird spe-
cies. EU SPA number 113 was designated in3202ath red-throated diver, blackthroated diver,common scoterand
little gullon the list of designated species.

3. Methods and surveys

This chapter outlines thelata collection methods and analyticapproaches emplogd to investigate the occurrence
of birds within and around thephase 1 areaf the North Sea Energy Island.

The objective of the bird survey program was to collect sigpecific data on the spatial and temporal distribution of
staging andmigrating birds in and around thghase 1 areaTwelve aerial and eleven shipased surveys were con-
ducted to study this as described below.

3.1 Survey area

The extended NSEI bird survey aremvers an area of 4,814 khthereafter,@xtended bird surveyareéd) , coveri ng
phase 1 area and buffer zone of 20 km around that. Thextendedbird surveyarea thus stretches fronapproxi-

mately 60 to 140 km west of the west coast of Jutlarfeigure11).
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The extendedbird surveyarea's water depth ranges between 22 and 60 m, with a mean of 38.7 m. The seabed is rel-
atively uniform, with water depthbetween 30 and 48 m over almost 90% of the area.

3.2 Aerial surveys

Data on birdabundance and distribution were collected using standard methods; human observers visually gathered
data during aerial surveyw/hileflying transects between designated GPS waypoints at regular speed and altithdp (
ure 11). Observations are recorded within distance bands out from the aircraft to allowtfer modelling of differential
detectability at increasing distancdsom the observers, following standardistance sampling line transect survey
methods (Buckland et al. 2001, 2015). For further details on this method, please refer to ctgagter

For the airveys twin-engine high-winged aircraft were used. The aircraft types were Cessna 337, Partena@8, Band
Tecnam P2006T.

The data collection was performed from a flight altitude of 76 m. Two observers record bod<ither side of the air-
craft. The bird species or species group was noted for each redpalong with informationon flock size, behaviour,
perpendicular distance from thesurvey track and time. The perpendicular distance was classified in predefined dis-
tance bands with increasing distandeom the survey track line to 1.5 kion either side of the aircraftError! Reference
source not found).

A GPS device recorded the time and position of the aircraftery six seconds. The dafar this assessment comes
from twelve surveys undertaken between March 2022 and November 2023¢ca@thpleted in a single dayTable3.]).

Table3.1 Timing of the 12 aerial surveys covered in this analysis. The length of the transects covered for each survey is given.

Date Total lengh of transect lines (km) Aircraft type
2 March 2022 596 Cessna 337
1 April 2022 596 Cessna 337
27 April 2022 597 Tecnam P2006T
30 July 2022 596 Cessna 337
11 September 2022 600 Cessna 337
23 December 2022 596 Cessna 337
21 January 2023 596 Cessna 337
2 March 2023 590 Partenavia P68 V
3 April 2023 596 Cessna 337
8 July 2023 592 Partenavia P68 V
27 September 2023 596 Cessna 337
10 November 2023 593 Cessna 337

The species distribution maps chapter4.1lpresent the precise survey track lines flown during each surtvey

3.3 Ship-based surveys

Data on bird species composition, flight magnitude and flight altitudesre collectedfrom ship-based suveyswithin
the phase 1 arealn total, deven shipbased surveys were conducted between November 2021 and March 202®le
3.2). Each survegomprised 2.3 £ 0.2) observation days and 21 & 2.2) observation hours on averageomprisng

25 observation days and 233 observation houegross all surveys
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Table3.2 Overview of the eleven shipased suveys conducted in the NSEI survey area. The table shows the survey start and end

dates and the number of observation days (N = 25) and hours (N = 233).

SurveylD Start date End date Observation days Observation hours
S1 15November2021 16November2021 2 16
S2 14February2022 15February2022 2 16
S3 12April 2022 12April 2022 1 13
S4 22 April 2022 25 April 2022 3 22
S5 30 April 2022 02 May 2022 3 26
S6 20May 2022 21May 2022 2 26
S7 24 August2022 26 August2022 3 36
S8 22 October 2022 22 October 2022 1 10
S9 13November2022 14November 2022 2 18
S10 14February2023 16February2023 3 26
S11 28 March2023 30 March2023 3 24

A single observer would record flight altitudes and bird counts simultaneously or separately during each wureeir
different observers conducted the surveys in total. Each observer conducted an average of 2.8 (+ 1.4) surveys, with
one observer responsible for most of the surveys (63.6%), observation days (5%d)pbservation hours (57.1%)s

the ship-based krd surveys were conducted from ship surveys with other parpurposes, therewere no fixed ob-
servation positions otransectlines.

3.3.1 Bird flight altitude  records

Flight altitude measurements were conducted in all directions around the ship during battive sailing (918 observa-
tions) and stationary periods (703 observations). Observers attempted to limit the measurements as much as possible
to birds seemingly little or unaffected by the ship. Consequently, measurements were obtained as far away feom th
ship as possible.

A laser rangefinder was used to measure the flight altitude. However, in some cag#ajning measurements with a
rangefinder was impossible, e.gdue to sea state. In these cases, the observer would estimate the flight altitude. In

total, observers made 1883 easurements and estimatesf bird flight altitude( her eaf t er , .@&thesei t ud e
1021 were measurements (54.2%), whereas 862 were estimates (45.8%). Observers would continuously measure and
estimate bird flight altitudes to improve their estimations. This proved successful as no significant difference (Wilcoxon
signed ranktest: v = 173015, p = 0.1) was found between measured and estimated bird flight altitudes for observations
where both were recorded.

Flight altitude was measured on birds flying alone and in flocks, for which flock size was recorded. Whenever possible
(egecially during undulating flight), observers would measure the altituofehe same individudflock multiple times

to capture the range and variation in flight altitude. Repeated measures of the same individi@k were recorded

with the same observaon ID.

3.3.2 Transect bird counts

Transect counts were conducted while the ship actively sailed along a straight line between two points. Some observ-

ers continued counting when the ship was stationary to assess species composition. Each transect coveredaf are

300 m perpendicular to the shipds course, on either on:
of birds present and light conditions. Thus, the total transect span was either 300 m or 600 m.
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The perpendicular distance to birdsag measured using a laser rangefinder it was estimated when using a range-
finder was inpossible. Each observation was assigned to one of four distance banes0 @n, 56100 m, 10200 m,
200-300 m, and one of three behaviour categorieétyingd @n waterd and dollowing shi Flock size was always rec-
orded. Birds observed outside 300 m were coded @sitside transedd

During transect counts, some observers noted all birds observed, regardless of behaviour, while others focused on
birds categorisedas ®@n waterd In the latter caseso-called'snapshot’ observations were used to obtain information

on the number of flying birds During snapshots, all flying birds within an area of 300 x 1000 m in front of the vessel
were instantaneously counted and cerded, undertaken routinely at Eninute intervalsThis report obtained density
estimatesfrom aerial survey datachapter3.4.). The transect counts from the ship were exclusively used for calculat-
ing the species compositiorof birds that were difficult toidentify during aerial surveyschapter3.5.2).

3.4 Data analysis

The first aim of this part of the work was to generate @nstantaneoudavian density surface across thghase 1 area
based on data collected from each survey and by different observers along transects under differing environmental
conditions. The first objectivevasto estimate the total abundance and overall density of all suitable species, correct-
ing for the effects é observer and prevailing conditions on detectability with increasing distance from the aircraft dur-
ing the survey, described in thdistancesampling analysissection A second process is to generate a spatial model of
abundance, generating a density mafor each species from each survey based on key environmental parameters.
This process is described in thegpatial analysisframeworksectionbelow. Finally, based on the combined outputs from
the spatial models created for each species across the multgleveys, the persistence of each species in its occur-
rence across theextended bird survey aregan be mapped, quantifying areas of high or low persistence in its pres-
ence across more surveys. This is described in plegsistence estimatio sectionbelow.

34.1 Estimation of abundances and distribution from aerial surveys
3.4.1.1 Distancesampling analysis

The bird distribution data was collected using thliistancesampling methods.Data was collectedso that the declining
probability of detecting a bird or a group of birds with increased distance from the survey track line could be mod-
elled. Distance bins or bands to all observations enable the modelling of a detection function as described below.

Distarce sampling analyses were conducted for each of the species/species groups by pooling the information from
each survey.

When fitting detection functions, the effects of covariates, other than perpendicular distance, are incorporated into the
detection fundion model directly (Multiple Covariate Distance Sampling, MCP8arques & Buckland, 2004;

Marques, Thomas, Fancy, & Buckland, 2007; Buckland, et al., 260dh covariates could be “sun intensity” (a factor
indicating sun intensity in four cat enthese@mses3, thoprobabis e a
ity of detection becomes a multivariate functiomepresentingthe probability of detection at perpendicular distance

and covariateswhere Q is the number of covariates). In this study, using a{mfmal detection functionQ ~ the
covariates were incorporated via the scale tergn, where for sightingQ, has the form:

" exp f 0

wheref andf (j pMB D) are parameters to be estimated (Buckland et al. 2001). Both-hatimal and hazard
rate detection functions were fittedand BIC wasised to choose between the two models. The candidate variables
trialled were bird group size, behaviour, observerlage, and sea stateTable3.3). There were too few observations for

S
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some observes, so in those cases, the observers' observations were combined with the next sshald®servations
with a seastate of four or greater were removed.

Table3.3 Table detailing the covariates used in the detection function fitting.

Covariates Values

Behaviour S (sitting or diving) and Kflying or flushing)
Observer 7 Observers

Glare 1 (full sun), 2, 3 (cloudy), 9 (changeable)
Sea State 0,05,1,15,2,2.5, 3, 3.5 (calm to rough)

3.4.1.2 Mitigating the effects of glare

Detection of sea birds from aerial surveys can be influenced by condii, such as sun glare and sea state. Data to
describe sighting conditions is usually collect@usitu; howeveralternative methods are required to identify (and ad-
just for) heterogeneity in the detection probability when this is abseAtcounting forsuch heterogeneity is particu-
larly important for distance samplingvhere nearperfect detection at the track line is an ofterequired assumption.

We used detection information from band A for the lefhand and righthand sides of the aircraft§rror! Reference
source not found) to identify transect lines with likely poor sighting conditions. For all species except flyamthern
gannets and black legged kittiwakes, which are much easier to see even when glare is present, the identified transects
removed observations from the affected side, and the coverage was reduced to one side@eirning a one sided
transect).

The effects of glareand any mitigations, as aesult, wereapproached using a dedicated analysis. The analysis was de-
signed to quantify the extento whichdirectional sun glare can lead to leftight-hand side bias in counts within a sin-
gle transect line with the same direction of travel. Specifigalle assumed that the proportion of left or right sightings
in band A should be 0.5 and follow a Binomial distribution. We compared the proportions for each transect to a criti-
cal value calculated as the quantile of the Binomialty 1@ distribution atthree standard errors greater than the
mean and whereg equals the number of observations on the transect. Three standard errare common in extreme
value theory(Leys, Ley, Klein, Bernard, & Licata, 2028l transects \th valuesgreater than the critical value had the
observations from the smaller side removed and the coverage reduced to a single side.

3.4.2 Spatial analysis framework

The following sections describe the modelling methods employed for this analysis @edollowing outputs This spa-
tial modelling stepestimates bird density and distributioan a fine geographical scale (1 x 1 km grid cells) using the
above distance sampling analysis resulFor a highlevel executive summary of the spatial analysis framekvmeth-
ods, seeAppendix 1

3.4.2.1 Model framework

The response variable for the spatial models under analysis here are bird counts in a small area (s§gromected

for detectability. This response was modelled using a Tweedie framework, which includes an estimated dispersion pa-
rameter @69 and PoissonGamma mixing parameter, () to return an appropriate mearvariance relationship in each

case. The mixingparameter takes on values from 1 (equivalent to qu&isson) and 2 (equivalent to Gamma). If the
estimated parameter was close to one, the models were considered gtRRaisson. A set of candidate explanatory
variables were associated with each segmeatrhodel the signal, and in this studyach of the 12 surveys was ana-

lysed separately, including covariate selection. The candidate environmental covariate was water depth (bathymetry,
Figure3.). Distance fronthe coast figure3.2), asa one-dimensional term was also considered in each modet the
unlikely casehat there was compelling evidence for consistent spatial patterns with distance from the codsth
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were the same in all directions. Additionallg,spatial surface was fitted to each model to account for more realistic
(and localisedyurface patterns (due tgotential unmeasured covariates)Specifically, a twalimensional CReSS

based (Complex Region Spatial Smoother) surface using a Gaussian radial basis function was included in the model
(ScottHayward, Mackenrie, Donovan, Walker, & Ashe, 2014)

As an illustration, the following equation represents an example of a Tweedie model althg link function and fitted
with a one-dimensional smooth term (e.g., bathymetry) alongside a twdimensional spatiasmooth:

® DYO*' ek

. 0 L GK@YSONE 28t 24
where® is the estimated count for transec¢fsegment™andi represents either a quadratié -spline or natural cu-
bic spline smooth of depth. Herd, is atwo-dimensionalsmooth space (with coordinates XPos and YPos in UTMs).
Implicit in this model are also coefficients for the intercept | and anyspline based coefficients associated with the
smooth terms. The effort associated with each observation variegpending on the associated segment areag the
segment area was included as an offset term (on the log scale).

A globally applicable depth or distance to coast term and a more flexible spatial term were trialled for inclusion in
each model to indicate hav best to model spatial patterns in each casghisquantifies if any spatial patterns are suffi-
ciently described by the onalimensional covariates (whicapply the same across the surface) or if a more considered
approach to spatial patterns was requirefr each survey. For examplsuppose the depth was selected, and a two
dimensional spatial element was not deemed necessary (as determined by the model selection procedure governed
by objective fit criteria). In that cas#his signals that any spatial pierns are primarily a function of the depth, regard-
less of the geographical location of this depth in the survey area.

If the two-dimensional spatial term was selected for inclusion in a model, then the spatial density patterns (over and
above any enviroment-related terms) were accommodated using a spatially adaptive term which permits different
amounts of flexibility across the surface in a targeted and yet parsimonious way (hence, relatively complex spatial pat-
terns can be accommodated with very few pameters).

Selection between competing models was undertaken using-&did crossvalidation metri¢ which preservedany
within-transect correlation via the appropriate blocking structures.
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Figure3.1 Visualrepresentation of bathymetry (water depth). The black dots represent thelefimed survey track lines. The black
dots represent the centroid of each 560long segment used for analysis and show survey coverage.
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Figure3.2 Visual representation of distance the coast. The black dots represent the centroid of eachridfng segment used for
analysis and show survey coverage.

3.4.2.2 Model specification, selection and fitting

Spatially adaptive geneatised additive models, with targeted flexibility, were fitted to data from each survey to allow
for non-linear relationships between the ondimensional and twedimensional covariates and the respong8cot-
Hayward, Mackenzie, Donovan, Walker, & Ashe, 2014; SEatyward, Mackenzie, & Walker, 2023; Walker, Mackenzie,
Donovan, & O'Sullivan, 2010)

All covariates were permitted to have a linear or nonlinear relationship with the response, and when a #nteom

was included in a model, it was specified to be either a quadratic (degree ZpBne (df = 3,4, 5) or a natural cubic
spline (df = 2,3, 4). However, in cases where these degrees of freedom boundaries were reachdatoader range of
parameterswastrialled instead. The degrees of freedom for these terms determine the flexibility of these smooth (and
nonlinear) relationships the more degrees of freedom, the more flexible the relationship can be.

The location of this flexibility (along the-axis) in these terms (e.g., depth) was also determined as part of the model
selection process. This permitted the relationship in some areas of the covariate range to be relatively complex (e.g., in
shallow wagrs) and in other areas (e.g., in deep waters) to be relatively simBleth smooth types permitted a maxi-

mum of three internal knots anda spline specific number of boundary knotsThe number and location of knots were
determined by an objective fit criteon.

The spatial patterns in each analysis were based on a-imensional spatial term (of variable complexity). The flexi-
bility of the spatial element constituted part of the model selection procedure, and for each survey, it was determined
using a Spatlly Adaptive Local Smoothing Algorithm (SALSA). While this model selection element technically oc-
curred between limits (df = [2,100]), the flexibility chosen in each case was not bounded in practice by those values
since the selection procedure occurredell within the bounds of the specified range.
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The MRSed& package(R Core Tear)) designed to fit both CReSS and SALSA type models, was used for model fitting,
and a 5fold crossvalidation (CV) procedure was used to govern all model selection eleméisott Hayward,

Mackenzie, & Walker, 2023Yhe CV procedure attempts to balance the fit to data unseen by the model while mini-
mising the number of parameters (parsimonylt was used here to select terms and the extent of théexibility in

each model. Note that this crossalidation was predicated on preserving correlated blocks of survey data (transect
lines) so that any residual autocorrelation present was not disrupted when choosing folds. This was considered neces-
sary toensure independent sampling units under the scheme.

3.4.2.3 Parameter inference

The response data were collected along survey lines in sequence, so consecutive observations are likely to be corre-
lated in space and time (i.e., points close together in space and/or time are likely to be more similar than points dis-
tance in time and/or pace). Further, the covariates included in the model are unlikelyiuty explain these patterns,

so some elements of these patterns will likelgmain in model residuals. These patterm®late residual independence
(which underpin traditional model appyaches such as Generalized Additive Modelgys, robust standard errors

were routinely used as part of th&lRSeanodelling framework to account for residual autocorrelation.

Uncertainty about model parameter estimates proceeded via robust standard eridus to the nature of the survey
procedure. These essentially work by inflating the standard erraarnallyobtained under traditional approaches)
concerningthe positive correlation observed within prepecified blocks of residuals. In cases where this residual cor-
relation is minimal, the adjustments are small, and when the correlation is more extreme, the inflation is larger.

A transectbased blocking struaire was used to reflect potential correlation within blocks while independence (i.e., no
correlation) between blocks was assumed. To ensthiat the model assumptiors were realisticwe assessethe de-

cay of any residual correlation to zero (i.e., indepegwkce) with the distance between points (within blocks along tran-
sects)visually Specifically, transects in each survey were used as the blocking strycimctan Auto Correlation Func-

tion (ACF) plot was used to check the suitability of this blockingsttwuevi a a &édecay to zerod tr

3.4.2.4 Modelling diagnostics
Severaldiagnostic measures were used to assess the adequacy of the model fit in each case

The assumed meatvariance relationship under the model was assessed visually using plotseoiodel's fitted val-
ues against the residuals' varianchn this analysis, Tweedie models were employed, which assume a nonlinear mean
variance relationship:

WOW @' % ‘%o

%ois the dispersion parameter. The dispersion parameter was estimatecefmrh model,whichwas used in the visual
assessment of this meawariance relationship assumed to hold under the modelis the power parameter estimated
before model fitting using a maximum likelihood profile approach. Based on the nature of the respwdata, the val-
ues of, were permitted between 1 (Quad?oisson) and 2 (Gamma).

QQ plots and residuals against predicted values plots were assessed to ascertain the level of agreement between the
data and the model. These plots were created using tBHARMaR package and using simulated residual&igure
3.3; Figure4.27) shows an example output for a model showing good agreement between the data model.

Regading interpretation, the left panel is a uniform QQ plot, and the right panel shows residuals against predicted
values, with outliers highlighted in red. Given these outputs, we would expect that a correctly specified model shows:

a) A straight 11 lineand no compelling evidence against the null hypothesis of a correct overall residual distribution,
as indicated by thep-values for the associated tests in the Qglot.
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b) Visual homogeneity of residuals in both the vertical and horizontal directions, in thsiduals against the predictor
plot.

DHARMa residual

QQ plot residuals Residual vs. predicted
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Figure3.3 DHARMa diagnostics. Example Qidt (left) and residuals against predicted values (righitle red stars are outliers, and
the red line is a smooth spline aund the mean of the residuals

Pearson residuals for each model were alspatially visualised to ense no areas of consistent bias across the survey
area. Clusters of negative or positive residuals in spatially similar locations would indicate this.

Resdual independence was not assumed to hold under the mogatstead, model inference proceeded under robust
standard errors. As described, Auto Correlation Function (ACF) plots were used to check the suitability of this blocking
structurevi a a O6drec@yt nteond within blocks.

3.4.2.5 Model predictions and estimates of uncertainty

Based on each selected model, predictions of counts were made to a grid of points (each point representifigra 1
grid cell) across the study region. Additionally, abundances witthia surveybased prediction region were obtained
by summing the grid cell counts across the relevant areas.

The uncertainty in the detection function was reflected using a parametric bootstriap (v T)T0f the fitted distance
sampling model. This generatedew estimated counts for each segment. The selected spatial model was then re
fitted to each of the new datasets to obtain a new set of parameter estimates for the model. The final output of this
process was a parametric bootstrap procedure using the ratwariancecovariance matrix from each parametric
bootstrap model. These were used to calculate 500 sets of model predictipwhich generated 95% percentitbased
intervals and allowed a Coefficient of Variation (Copfér each grid cell to be calculated. The CoV is defined as the
ratio of the standard deviation to the mearand this is calculated for each grid cell using the 500 bootstrap predic-
tions. CoV <1 are considered lowariance, whilst CoV > 1 are considefdigh-variance. The CoV is very sensitive to
small mean values, which may lead to artificially large CoV valgsesve present CoV plots with and without cells
whose mean abundance is less than 0.01.
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A calculation of ©6per s bssthetwodatdtypesaisng thd geoeferanced estimatesioe n  ac r
density (abundance/associated area) across the survey area. Persistence scores were calculated for every grid cell in
the following way: Each bootstrap replicate was allocated a binary value damewhether the estimate in each loca-

tion was above the mean estimated density (1) throughout the survey area or below this means estimated density (0).
This was performed for all 500 sets of plausible predictions in each grid cell (based on the bootsgalrates), and

the proportion of these bootstrap predictions more than the mean (indicated by the value of 1) was calculated for

each grid cell to give a persistence score for that location. A persistence score of 1 indicates that the density in that

grid cell was estimated to be above average in every bootstrap replicate in every survey (so uniformly above the

mean,; high persistence), while a value of 0.1 indicates that just 10% of the estimates were above the estimated mean,
and thus indicates low peistence in that location.

3.5 Data for future collision risk assessment
This element of the work is to provide data to support a future estimation of collision risk between turbines and birds
and to provide data on species ratios for species groups that aificult to identify to species from the aerial surveys.

Bird flight altitude information is an essential component of the collision risk assessment. The proportion of birds flying
will be a component of the estimation of flight volume in the area, anothienportant component of collision estima-

tion. These analyses were conducted based on diurnal observations from-&fd@ped surveys. During these surveys

no nocturnal data was collected.

Describingseasonspecific species ratios between species groupstthee difficult to identify species from the aircraft
will facilitate speciespecific abundance estimates.

3.5.1 Bird flight altitude  from ship -based surveys

For the analyses of flight altitude, measurements objectively obtained by rangefinder were preferved estimates of
flight altitude made by observers. Howevetight altitude estimates were used for those observations where a meas-
urement was not recorded or when the rangefinder produced a negative value (e.g. if the birds flew between the
waves) Sometmes, observers did not report a precise altitude estimate but noted a maximum possible altitude, e.g.
<10 m. In these cases, the maximum value was used. The maximum value used in this wéso@ard Classe$<10
mdand &15 mdcomprised 71% of this typof altitude estimation.

Flight altitudes were divided into 25 m interval bands from 0 to 225 m, and the number of altitude recordings and
individuals occurring in each interval was analysed. These analyses were done for each species individually, but in
some cases, related species were grouped because they were hard to distinguish between in the field or to increase
the sample size for species with few observations, e.g. species of passerines. Furthermore, the analyses were limited to
species or groups \ith 10 or more flight altitude recordings.

Since flight altitude was measured multiple times on some individuals and flocks, these repeated measurements can-
not be considered independent. The best way to account for this would have been to meged effects models with
observation ID as random effects. This was attempted, but models failed to produce meaningful results. Another pos-
sibility would have been to average the flight altitude for each observation ID and analyse the means. However, to
retain the variation in flight altitude of individuals and flocks, we analysed all altitude recordings as if they were inde-
pendent. This was done as we judged the pseudeplication to be minimal. Flight altitude was recorded only once for
85.5 % of all indviduals and flocks, whereas 12% had their flight altitude recorded twice and 2.5% had their flight alti-
tude recorded between three and five times.

Project ID: 10412920
Document ID: RDJRNYFQ6AWS151746203-14319

Prepared by: IKPVerified by: RSNApproved by: ALM
26/158



f
NIRWNS

AARHUS
/v UNIVERSITET

3.5.1.1 The proportion of birds flying from aerial surveys

As an estimation of the probability that a bird would bia flight (as opposed to sitting on the water), we calculated
the proportion of birds recorded with the behavioudlyingdout of the total number of birds observed during the aer-
ial transect surveys in the North Sea. Birds recordediasshedor @ivingdwere grouped with birds observedsitting

on the water surfacé This was done to analyse the birds in their original, undisturbed behaviour, avoiding inflating the
probability of flight by including birds potentially flushed or forced to dive by the @iaft. We then expressed the
numbers of birds assigned to thélyingbbehavioural category (i.e. birds likely first encountered in flight from the air-
craft as continuing that behaviour) as a proportion of the total number of encounters (i.e. those flyihg those sit-

ting on the water, diving or flushing) to calculate the proportion of birds in flight. As for the analyses of flight altitude
we calculated the proportion on an observational and individual level separately for each spediedimited the anal-
yses to species or species groups with a minimum of 10 observat{@able3.4).

3.5.2 Species composition from ship -based surveys

We calculatedthe species compositiotrased on shipbased data to generate speciespecific density estimates for
some species that were difficult to identify to species during aerial surveyss&bpeciesncludeddivers, gulls (ex-
cluding black headed gulls andblack legged kittiwakes), tems andalcids ¢azorbill/lcommon guillemots). We calcu-
lated the compositionfor each of the eleven surveys based on the number of individuaiée included all types of ob-
servations (i.e., transect counts and snapshots) and birds seen both within and outised800 m wide transect band

to calculate the compositionWe, furthermore, included birds in all behavioural categories (@kgingd @n water dol-
lowing shig). Birds observed following a ship were included since we judged that there would be lilifferences be-
tween the related species in their attraction to shif@elow is a complete list of species observed during ship surveys
(Table3.4).

Table3.4 List of species that were grouped during the shigsed and aerial survegnalysesUnidentified speciefsfom a species
group are abbreviaed withd s p thelspecias name

Species group Taxonomic elation Species
Ship surveys Aerial surveys

Divers Genus Gavig Red throated diver Redthroated diver

Diver sp.

Sea ducks Tribe (Mergini) Common merganser Too few observations from aerial sur
Common scoter veys
Red breastedmerganser

Waders Order (Charadriiformes;| Commonringed plover Too few observations from the aerial

excluding gulls, terns, | Europeangolden plover surveys
skuas and auks) Common snipe

Dunlin
Eurasiarcurlew
Eurasiaroystercatcher
Eurasianwvoodcock
Ruddyturnstone
Wader sp.

Skuas Genus Stercorariup Arctic skua Too few observations
Greatskua

Terns Subfamily (Sterninae) | Sandwichtern Sandwichtern
Commontern Common/arctic tern
Arctictern Tern sp.
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Common/arctic tern
Alcids Family (Alcidae) Common guillemat Common guillemot
Razorbill Razorbill
Common guillemot/razorbill Common guillemot/razorbill
Passerines Order (Passeriformes) | Brambling Too few observations

Common blackbird
Common chiffchaff
Common starling
Eurasiarskylark
Europeanrobin
Fieldfare

Meadow pipit
Northern wheatear
Redwing
Songthrush
Westernyellowwagtail

4. Results of surveys

The available data on bird abundances and distributions in thiease 1 areavas scarcéoefore this project. For that
reason,data on birds was collected between November 2021 aNdvember 2023to support future environmental
assessments of offshore wind farms planned in that area. The surveys were conducteddesial surveys and ship
based surveysTo describe bird abundances and distributions in the are@e conductedaerial surveygchapter4.)
using distancesampling and spatial modelling method¢Buckland, Rexstad, Marques, & Oedekoven, 2015)

To supplement the information on bird abundances and distributionse analysed theesults from aerial surveys in
April and May 2019 for théanish North Seaderiving spatial models of bird distributions from selected bird species
or species groupsdhapter 4.2).

Since datafrom the aerial surveysl er i ves i nformation on bird distribution
mation on bird flight altitudes, thessurveys were completed with shipased surveg. The shipbased gproach
aimed to derive data on flight altitudes, magnitudeand bird species compositioin the phase 1 aredchapter 4.3).

4.1 Aerial surveys in the NSEI extended bird survey area

The description of bird abundances and distributions was based on data from twelve aerial surveys spread over the
project period from March 2022 to November 2023The surveysavered the extended bird survey areaThe data
revealed that the aea's avifau consisted primarily of true marine bird species, most prominemnibyrthern fulmars,
northern gannets, blacklegged kittiwakes and razorbills/common guillemotshapter 2.2).

The twelve aerial surveys showed relatively few bird species in the area. During the surveys performed from March to
December 2022, 18 birdpecies and 7 species groups were recordetiable 4.1 Similarly, between January and No-
vember 2023, 15 bird species and three species groups wererded (Table 4.3. Overall,northern fulmars,northern
gannets,blacklegged kittiwakes andrazorbillscommon guillemots were the most frequentlpbserved birds in the
extended bird survey areauring the 2022 and2023 surveys.
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Some species utilise the area for resting and foraging, whereas others only occur teriag the time of migration
Divers,northern fulmars, shearwaters, andorthern ganrets are true seabirds and utilise the extended bird survey
area for resting and foraging. This is also the case for several skua, gull and tern species. Ficallgpeciesrazorbill
and common guillemot) were found in relatively high numbers in the &xded bird survey areafable4.1and Table

42).

Table4.1 The bird species or bird species groups recorded from aerial surveys in the extended bird survey area during six surveys be-
tween Mach and December 2022. The number of observed individuals per species or species group is indicated and not estimations

of total abundanceEmpty cells indicate that no individuals of the species/species group was observed during that Abbreyia-
indicate

tiep.d® | n

Species name

Diver sp.

Redthroated diver
Northern fulmar
Manxshearwater
Northern gannet
Greatcormorant
Common scoter
Eurasian parrowhawk
Europeangolden plover
Wader sp.

Greatskua

Skua sp.

European terring gull
Lessemlack backedgull
Greatblack backedgull
Little gull

Blacklegged kittiwake
Gull sp.
Common/arctic tern
Sandwichtern

Tern sp.

Razorbill

Razorbillcommon guil-
lemot

Common guillemot

Atlantic puffin

species

Sum
17
18
462

1818

P W oo © = B N

12
36

452

44

51

19

1855

378

names

2 MAR 2022 1 APR 2022

129

10

21

173

220

24

11

615

31

822

18

t hat

t he

observed

27 APR 2022 30 JUL 2022 11 SEP 2022 23 DEC 202z

17
13
114

399

175
22
33

137

20

78

91

18

19

145

285

164

582

N OO © B

12

212

29

88

19

73

319

Species of diving ducks, birds of pregnd waders are all considered to be omigration passage through the ex-
tended bird survey areaConsequentlywe identified four speciespecies groups of speciahterest as birds utiding
the extended bird survey area for resting and foraging in significant numbers. Those wer¢hern fulmars,northern
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gannets,blacklegged kittiwakes andrazorbillscommon guillemots. These species will be analysed in greatetailan
this report. Other species, found in intermediate numbers, will be briefly described below.
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Table4.2 The bird species or bird species groups recorded from aerial surveys in the extended bird survey area during six surveys be-
tween January and November 2023. The number of observed individuals per species or species group is indicated and riohestimat
of total abundancesEmpty cells indicate that no individuals of the species/species group was observed during that survey. Abbrevia-

tion 0sp.06 I n species names indicate that the obsepesesd i ndiyv
Species Name Sum 21 JAN 2027 02 MAR 2022 03 APR 202 08 JUL 2023 27 SEP 202: 10 NOV 202z
Diver sp. 1 1

Red throated diver 4 4

Yellowbilled diver 1 1

Northern fulmar 504 14 20 4 113 131 222
Northern gannet 359 9 3 132 12 192 11
Great cormorant 1 1

Eurasian wgeon 11 11

Northern shoveler 10 10

Common scoter 14 14

Arctic skua 2 2

Commongull 1 1

European kerring gull 303 7 39 217 26 14
Lessemlack backedgull 6 6

Greatblackbackedgull 40 1 15 11 2 11
Blacklegged kittiwake 846 160 183 427 28 48
Gull sp. 33 3 16 1 12 1
Razorbill 109 107 1 1
Razorbill/mmmon guil- 3,331 234 618 1,376 513 356 234
lemot

Common guillemot 1147 16 4 117 908 23 79

41.1 Red-throated/ black-throated diver

A total of 41 divers wre observed during the twelve aerial survey$dble4.1and Table4.2). Of those, 35 birds were
recorded in 2022, and another six were recced in 2023. Of those, 22 birds were identified asd-throated divers,
while 18 were recorded as unidentifiddiver sp). One yellow-billed diver was recorded during the survey in March
2023. Most divers (30) were recorded during the survey on 27 Aprie2pwhile four were recorded in March 2022,
one in December 2022, one in January 2023, one in March 2023 and four in April 2023.

Most of the observed divers were recorded in the eastern and central ganftthe extended bird survey area on 27
April 2022 Figure4.land Figure4.2). Divers were recorded as single birds or in small groupke maximumflock size
was four individuals, anthe mean flock size was 1.37 birds.
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Figure4.1 The distribution oB5red-throated/blackthroated divers in the North Sea Energy Island extended bird surveyfaresix
surveysconducted between March and December 2022. The covered transect lines are indicated for each survey.
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Figure4.2 The distribution o6 red-throated/blackthroated diversand 1 yellowbilled diverin the North Sea Energy Island extended
bird survey area for each of six surveys conducted between January and November 2023. The covered transect lines aidandicate

each survey.
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The number of observations of divers was irffigient to estimate total numbers and model spatial distribution.

4.1.2 Northern f ulmar
A total of 462 northern fulmars was recorded during the twelve aerial surveyable4.1and Table4.2). Mostnorthern
fulmars were recorded in September 2022 (16dih 27 April (114), and the fewest birds in March 2022.

Northern fulmars clumped within the extended bird survey area, with varying positioning of the occurrences between
surveys. The distribution pattern changed between survelygy(ire4.3 and Figure4.4).

Northern fulmars were recorded as single birds or in moderatgzed groups. The maximum flock size, recordéegt
the observers, was 50 individuals, and the mean flock size was 1.62 birds.
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Figure4.3 The number of observedorthernfulmars (462 individualsand their distribution in the North Sea Energy Island extended
bird survey area for each of six surveys conducted between March and December 2022. The covered transect lines ardandicated

each survey.
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Figure4.4 The number of observedorthernfulmars (504 individualsand their distribution in the North Sea Energy Island extended
bird survey area for each of six surveys conducted between January and November 2023. The covered transect lines edefondicat
each survey.
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4.1.2.1 Distanceanalysis
The average probability ofletecting northern fulmars was estimated to be 0.26 (CoV = 0.06). This probability was es-
timated using a hazard rate detection function, and no covariates were selectedyre4.5).

1.0

0.

Detection probability

0.2
|

0.0

T T T T T
0 200 400 600 800

Distance

Figure4.5 The estimatedhorthernfulmar detection function. The histogram represents the distances obtiserved sightings.

4.1.2.2 Spatial analysis
The data for the spatial analysis contained 14,387 segments overall, 3.3% of whitthinedfulmar sightingsFigure
4.6 shows the distribution of the distance corrected counts for each of the two months of surveys.
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Figure4.6 Distancecorrected counts for thaorthernfulmar species across the twelve surveys. figtecircles indicate the distance
corrected counts along the transect lines. The pale purple dots are segments with a count of zero.
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4.1.2.3 Model selection
The models selected for 7 of the 12 surveysluded a spatial term (of varying complexity), while the depth covariate
was selected as a linear term in two surveys. The distatw&oast covariate was selected as a linear term for two
models and a smooth term for one survey. This shows there wampelling evidence for noruniform spatial patterns
in most surveys, but given these spatial patterns, there was sporadic evidence of depth or distamceast relation-
ships. The spatial surfaces selected ranged from 2 to 10 parameters for the spatial(feabie4.3).
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Table4.3 Model selection results farorthernfulmar for each survey. The model column representstérens in the modelThe dis-
tribution column represents the type of distribution model used. The variable 1D column indicate which of the 1D variablesrha
included in the final model, while variable 2D refers to the spatial smadib.number of degregof freedom (df) for each teris

given where applicabl® N A 6

i nd i-applitablesval@eTha dispersion and Tweedie parameters are as definezhapter

3421
Name Model Distribution  Variable 1D  Variable2D  Number of Dispersion Tweedie
parameters  parameter parameter

2 March 2022 | Intercept only | quasipoisson | NA NA 1 5.8 NA

1 April 2022 | Intercept only | Tweedie NA NA 1 10.0 1.20

27 April 2022 | 2D Only Tweedie NA s(x,y, df=2) |3 46.9 1.58

30 July 2022 |Best 1D2D quasipoisson |DC, df =1 s(x,y, df = 10) |12 5.0 NA

11 September| 2D Only guasipoisson | NA s(x,y, df=5) |6 52 NA

2022

23 December | Best 1D2D quasipoisson |DC, df =1 s(x,y,df=2) (4 6.1 NA

2022

21 January 2D Only Tweedie NA s(x,y, df=3) |4 9.2 1.26

2023

2 March 2023 | Distance to quasipoisson |s(DC, df=2) |NA 3 4.5 NA
coast

3 April 2023 | Intercept only | quasipoisson | NA NA 1 5.6 NA

8 July 2023 | Best 1D2D quasipoisson |Depth, df=1 |s(x,y, df=10) |12 5.2 NA

27 September| 2D Only guasipoisson | NA s(x,y, df = 10) | 11 6.4 NA

2023

10 November | Depth Tweedie Depth, df =1 |NA 2 25.9 141

2023

The estimated abundances and associated 95% percentile confidence intervals for each survey are given in

Table4.4 and Figure4.7.

Table4.4 Estimatedsurveyabundance and density (N/k@ of northernfulmar. The 95% Cl are percentitmsed confidence intervals.

Month Area (knf) Estimatedcount 95% CI count Estimated density 95% CI density
2 March 2022 4,812 114 (46, 307) 0.0 (0,0.1)

1 April 2022 4,812 206 (103, 421) 0.0 (0,0.1)

27 April 2022 4,812 1,250 (814, 2,081) 0.3 (0.2,0.4)

30 July 2022 4,812 1,083 (757, 1,607) 0.2 (0.2,0.3)

11 September 2022( 4,812 1,511 (1,017, 2,407) 0.3 (0.2,0.5)

23 December2022 |4,812 1,467 (976, 2,313) 0.3 (0.2,0.5)
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21 January 2023 | 4,812 264 (120, 734) 0.1 (0,0.2)
2 March 2023 4,812 334 (216, 679) 0.1 (0,0.1)
3 April 2023 4,812 64 (20, 222) 0.0 (0, 0)
8 July 2023 4,812 1,706 (1,141, 2,828) 0.4 (0.2,0.6)
27 September2023 | 4,812 2,364 (1,493, 4,302) 0.5 (0.3,0.9)
10 November 2023 | 4,812 2,246 (976, 6,647) 0.5 (0.2,1.4)
Fulmar
G000
=
5 40001
[ “fear
=
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ko
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20004
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Figure4.7 The estimated count of northern fulmar for each survey. The 95% Cl are perebaskd confidence intervals are from a
parametric bootstrap with 500 replicates.

4.1.2.4 Spatial results

Figure4.8 shows the estimated counts aforthern fulmar in each 1 krhgrid cell for each month. Generally, the esti-
mated abundances fitted well with the raw data, and there were no notable misalignments. In areas where the esti-
mated counts vere systematically higher, the abundances were also relatively hagid there were no areas with

large, estimated abundancesnsupported by the data.
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Figure4.8 The estimatedhorthernfulmar abundance across the study site for eaglrvey The estimated counts are per 1 km x 1 km
grid cell. The open circles show the observed corrected count. The coloured graphics represent the predicted countscatieach |

4.1.2.5 Uncertainty in spatial predictions

Broadly, the highest coefficient of variation (CoV) scomesre associated withthéa | most zer od predi ct
known that the CoV metric is highly sensitive to any uncertainty for very small predictions. There was one larger value

on the eastern side for one of the surveys, but that was otherwise absieotn the data. There was no material over-

lap between high values of the CoV metric and the transect lines/locations with4zeno counts, which results in no

concerns in this case~{gure4.9).
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Figure4.9 The Coefficient olariation (CoV)across the study region for eachurvey The opercircles show the distance corrected
countsof northern fulmars where applicable, and the polygons represent the extended bird survey area (black line). The presence of
dark red CoV scores in areas with virtually zero predictions is an artefact of tlyesuall prediction rather than of any notable con-

cern.

For the case when the very small, predicted values were excludédure4.10, the CoV for all surveys was &land
so of no material concern.
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Figure4.10 The Coefficient oiVariation (CoV)for all cells whose mean abundance i93:01 birdsThe open circles show the distance
corrected countsf northern fulmars where applicable, and the polygons represent the extended bird survey area (black line). The
presence of dark red CoV scores in areas with virtually zero predictions is an artefact of the very small predictiohaatbéany
notable concern.

4.1.2.6 Model diagnostics

A blocking structure was used to account for potential residual rordependence for each model and a robust

standard error approach was based on unique transects. In each model, we saw a reassuring decay to zero (indicated
by the red and grey Ines inFigure4.1limplying that an appropriate blocking structure was used.
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Figure4.11ExampleAuto Correlation Foction (ACFplot for northern fulmar The greylines represent the residual correlation ob-
served in each transecand the red line ishe average of these values across transects.

The assumed meatvariance relationship was examingdnd there waggenerallyan agreement between the assumed
(QuastPoisson or Tweedie) lines and the observed valuegure4.12and Figure4.13show example relationships for

a quastPoisson and a Tweedie model. The DHARMa diagnostics, shown faoréghern fulmar model examplein Fig-
ure 4.14 confirmed the nature of the meafvariance relationship was appropriate in all cases. In the example shown,
the minor significance of the kS test did not cause concerrand the residuals wes considered homogeneous.
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Figure4.12Example quasPoisson measvariance relationship (red line) and actual (black déts)northern fulmar The black dots
are based on 20 quantiles of the model residsjaind for reference, the grey dashed line shows the 1:1 relationship.
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Figure4.13Example estimated Tweedie meaariance relationship (blue dashed lirfey northern fulmar The red line shows the
V ( 1) relationshipand the grey lineshowsthe 1:1 relationship.
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Figure4.14DHARMa diagnostictr northern fulmar QQ plot (left) and residuals against predicted values (right). The red stars are
outliers,and the red line is a smooth spline around the mean of the residuals.
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4.1.2.7 Areas ofpersistence
There is moderate persistence across the 12 survéygure4.15. The highest persistence (~ 50%Jas observed
throughout most of the survey area, except the edges on the eastern side.
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Figure4.15Northern fulmar persistence scores across the twelve surveys.

41.3 Northern g annet

A total of 2,177orthern gannets was recorded during th&2aerial surveysTable4.1and Table4.2). Northern gan-

nets were recordedduring all twelve aerial surveys. Most birds were recorded on 1 April 2022 (615) and in September
2022 (582)In 2023, the observed numbers aforthern gannets were considerably lower than during the 2022 sur-
veys. This may be related to a severe avian influenza outbreatkin this population in the summer of 2022Tremlett,
Morley, & Wilson, 2024)

Northern gannets clumped ovethe survey area, with marked differences in distribution between surveys. On 1 and 27
April and September 2022the central parts of the survey area haalhigh number of observations, while in March

the concentration was found in the western parts, and iihg the other surveysbirds were either very few or scat-

tered across the areaHigure4.16. In 2023 markedly fewemorthern gannets were observedDuring the April and
September surveyaorthern gannets were mainly recorded in thextended bird survey area's central and cen-
tral/southern parts(Figure4.17.

Project ID: 10412920
Document ID: RDJRNYFQ6AWS151746203-14319

Prepared by: IKPVerified by: RSNApproved by: ALM
47/158



AARHUS
/v UNIVERSITET N I R“
DCE - NATIGNALT CENTER FOR HILIB 0 ENERG

The North Seanorthern gannet population was influencethy an avian influenza incidence in June 2022, with high
mortality in a major breeding colony at Bath Rock, Scotland. This evestilted in a 25 % decline in breeding pairs in
the United Kingdom betweerthe summer of 2021 and 2028Tremlett, Morley, & Wilson, 2024)nd may have influ-
enced the fluctuations imorthern gannet abundances in the extendebird survey area

Northern gannets were recorded either as single birds oroderate-sizedflocks. The maximum flock size was 30 indi-
viduals, and themean flock size was 1.70 birds.
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Figure4.16 The number ofbbservedhortherngannets(1,018 individualgind their distribution in the North Sea Energy Island ex-
tended bird survey area for each of six surveys conducted between March and December 2022. The covered transect lires are ind

cated for each survey.
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Figure4.17The number of observedortherngannets(359 individualsand their distribution in the North Sea Energy Island extended
bird survey area for six surveys conducted between January and Decemti2r X2 covered transect lines are indicated for each
survey.
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4.1.3.1 Distanceanalysis

The average probability of sightingorthern gannets was estimated to be 0.37 (CoV = 0.02). This probability was esti-
mated using ahalf-normal detection function with flock sizes a continuous covariatds{gure4.18. The probability of
detection of larger flocks (groups) is higher for all distance bithgn the corresponding probability ofdetection of

small groups because large flocks are more conspicuous to the observer than small flocks (groups).

Small Group Large Group

1.0

Detection probability
Detection probability

0.2

0.0

0 500 1000 1500 0 500 1000 1500

Distance Distance

Figure4.18 The estimatechortherngannetdetection function for small and large group siz&he histogram represents the distances
of the observed sightings. Large and small are defined by the 10th and 90th quantiles of the distribution of observedzgsup s

4.1.3.2 Spatial analysis

The spatial analysis data contained 483 segments, 5.4% of whictoatained northern gannet sightingsFigure4.19
shows the distribution of the distance corrected counts for each of the twelve surveys.
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Figure4.19 Distancecorrected counts for thaortherngannet across the 12 surveys. The red circles indicate the distamoected
counts along the transect lines. The pale purple dots are segments with a count of zero.
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4.1.3.3 Model selection
For 8 of the 12 surveys, the models selected for each survey included a spatial term (of varying complexity), while the

depth covariate (either as a linear or smooth term) was not selected for any surveys. The distaaceast covariate
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was selected as smooth term for just one model. This shows compelling evidence for roniform spatial patterns in
each survey, but given these spatial patterns, there was little evidence of depth or distémemast relationships. The

spatial surfaces selected rangdtbm 3 to 20 parameters for the spatial ternTable4.5).

Table4.5 Model selection results for northern gannet faoh survey. The model column represents the terms in the model. The dis-
tribution column represents the type of distribution model used. The variable 1D column indicate which of the 1D variablesrha
included in the final model, while variable 2D reftwghe spatial smoothThe number of degrees of freedom (df) for each term are
given where applicabl® N A 6

3421

Name

2 March 2022
1 April 2022
27 April 2022
30 July 2022

11 September
2022

23 December
2022

21 January
2023

2 March 2023
3 April 2023
8 July 2023

27 September
2023

10 November
2023

The estimated abundances and associated 95% percentile confidence intervals for each survey are givebl&#.6

Model

2D Only
2D Only
Best 1D2D
2D Only
2D Only

Intercept only

Intercept only

Intercept only
2D Only
Intercept only
2D Only

2D Only

and Figure4.20.

i n d i-applitablesval@eTha dispersion and Tweedie parameters are as defined in section

Distribution

Tweedie
guasipoisson
Tweedie
guasipoisson

Tweedie

guasipoisson

guasipoisson

guasipoisson
Tweedie
guasipoisson

guasipoisson

guasipoisson

Variable 1D

NA
NA
s(DC, df = 2)
NA
NA

NA

NA

NA
NA
NA
NA

NA

Variable 2D

s(x,y, df = 6)
s(x,y, df = 9)
s(x,y, df = 20)
s(x,y, df = 12)
s(x,y, df = 6)

NA

NA

NA

s(x,y, df = 14)
NA

s(x,y, df = 9)

s(x,y, df = 3)

Number of
parameters

7
10
23
13
7

15

10

4

Dispersion Tweedie
parameter parameter
11.7 1.35
15.1 1.34

5.2 1.18

4.7 NA

14.6 1.40

2.9 NA

3.5 NA

2.9 NA

8.9 1.22

3.6 NA

5.8 NA

2.9 NA

Table4.6 Estimatedsurveyabundance and density (N/k@) of northerngannet. The 95% Cl are percenitimsed confidence intervals.

Month

2 March 2022
1 April 2022
27 April 2022
30 July 2022

Area (kn?)
4,812
4,812
4,812
4,812

11 September 2022, 4,812

23 December 2022
21 January 2023

4,812
4,812
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Estimated count

16
73

537
3,797
2,465
664
3,112

95% ClI count
(333, 932)
(2,228, 7,830)
(1,819, 3,662)
(421, 1,173)
(1,918, 5,182)
(4, 54)

(33, 183)

Estimated density

0.1
0.8
0.5
0.1
0.6
0.0
0.0

95% CI density
(0.1,0.2)

(0.5, 1.6)

(0.4, 0.8)
(0.1,0.2)
(0.4,1.1)

(0,0)

(0,0)
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2 March 2023 4,812 24 (9, 73) 0.0 (0, 0)
3 April 2023 4,812 668 (4211,186) 0.1 (0.1,0.2)
8 July 2023 4,812 95 (45, 211) 0.0 (0, 0)
27 September 2023/ 4,812 1,422 (902, 2,526) 0.3 (0.2,0.5)
10 November 2023 | 4,812 81 (48, 170) 0.0 (0,0
Gannet
20001
60001
E
=
[=]
L Wear
2 40001 2022
E —— 2023
w
L
20001
0- I - 4 I
2 o o o
S T S R A G ™y

Figure4.20 The estimated count afiortherngannets for each survey. The 95% ClI are percefiitised confidence intervals are
from a parametric bootstrap with 500 replicates.

4.1.3.4 Spatial results
Figure4.21shows the estimated counts aforthern gannetsin each 1 krigrid cell for each month. Generally, the esti-
mated abundances fitted well with the raw data, and there were no notable misalignments. In areas where the esti-
mated count were systematically higher, the abundances were also relatively,lagl there were no areas with

large, estimated abundancesnsupported by the data.
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Gannet
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Figure4.21The estimatedhortherngannet abundance across the study site for eathivey The estimated counts are per 1 km x 1
km grid cell. The open circles show the observed corrected count. The coloured graphics represent the predicted cobritea eac
tion.

4.1.3.5 Uncertainty in spatial predictions

Broadly, the highesCoefficient of Variation (CoV) scoresvere associated witlia | mo st z er cadditpsr edi ct i ¢
known that the CoV metric is highly sensitive to any uncertainty for very small predictions. There was one larger value

in the centre of the survey area on 30 July 202But that was otherwise absent of data. There was no material overlap
between high values of the CoV metric and the transect lines/locations with +m&mo counts resultingin no concerns

in this caseligure4.22).

Project ID: 10412920
Document ID: RDJIRNYFQ6AWS151746203-14319

Prepared by: IKPVerified by: RSNApproved by: ALM
55/158



AARHUS
/v UNIVERSITET N I R“

Gannet
20220302 2020401
63004
G280+
G260
G240
20F2-0T-30 20zz0e-11 2022-12-23

63001

62801

Corrected Count
10
50

Coefficient of
20230121 20230302 20230403 Variation

- I

Northing (km)

= M oW eon

20230708 2023-11-10

63004

62801

320 340 360 380 320 340 360 380 320 340 360 380
Easting (km)

Figure4.22 The Coefficient oiVariation (CoV)across the study region for eacurvey The open circles show thtistance corrected
northern gannetcounts, where applicable, and the polygons represent the extended bird survey area (black line). The presence of
dark red CoV scores in areas with virtually zero predictions is an artefact of the very small predidtienthan of any notable con-
cern.

For the case when the very small, predicted values were excludédure4.23), the CoVfor all surveys was <1 for
most surveys, so it is of no material concerfihere remains some high uncertainty for two survegound very small
values, which will play a role in the related confidence intervals for the abundan€esi¢ 4.6 and Figure4.20).
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Figure4.23 The Coeffidgent of Variation (CoV)for all cells whose mean abundance is > 0.01 hirtise open circles show the distance
correctedhorthern gannetcounts, where applicable, and the polygons represent the extended bird survey area (black line). The pres-
ence of dark ed CoV scores in areas with virtually zero predictions is an artefact of the very small prediction rather than of any nota-

ble concern.

4.1.3.6 Model diagnostics

A blocking structure was used to account for potential residual rordependence for each model and a robust
standard error approach was based on unique transects. In each model, we saw a reassuring decay to zero (indicated
by the red and grey lines ifFigure4.24), implying that an appropriate blocking structure was used.
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Lag 1: min =-0.08, mean = 0.22, max =09

Auto comelation

- H 1l P j ] R [T . I
\IWW—H e Lo ) A W L

Lag

Figure4.24 Exampleof northern gannetAuto Corelation Function (ACH)lot. The grey lines represent the residual correlation ob-
served in each transecand the red line ishe average of these values across transects.

The assumed meatvariance relationship was examingdnd there was generallgn agreement between the assumed
(QuastPoisson or Tweedie) lines and the observed valuegure4.25 and Figure4.26 show example relationships for
a quasiPoisson and a Tweedie model. The DHARMa diagnostics, shown fooréhern gannet modelexamplein Fig-
ure 4.27, confirmed the nature of the measvariance relationship was appropriate in all cases. In the example shown,
there is no compelling evidence against the null hypothesis of a correct overall residual distribution, as indicated by
the p-values for the associated tests, artble residuals were also considered homogeneous.
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Distribution Foizson = QuasiFoizson

1501

100
w
[t
=
o
w
2
=

501

0
0.0 25 5.0 75 10.(

Fitted Values (Mean)

Figure4.25Example quasPoisson measvariance relationship (red line) and actual (black ddé¢s)northern gannet Theblack dots
are based on 20 quantiles of the model residyalsd for reference, the grey dashed line shows the 1:1 relationship.

Distribution Poisson = QuasiPoisson * *  Twesdie

501 *

40

w
<

W(residuals)

20+

0 1 2 3 4 5
Fitted Values {(Mean)

Figure4.26 Example estimated Tweedie meaariance relationship (blue dastidine)for northern gannet The red line shows the
V(1) =r el a, and theggel lingshowsthe 1:1 relationship.
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Figure4.27 Northern gannetDHARMa diagnostics. Example Qit (left) and residualsgainst predicted values (right). The red stars
are outliers, and the red line is a smooth spline around the mean of the residuals.

4.1.3.7 Areas ofpersistence
Across the 12 surveys, there is moderate to low persistence across the surveyRigpadg4.28). The persistency analy-
sis indicates that, analysed over multiple surveys, the area has areas of constant high or low importance.

Project ID: 10412920
Document ID: RDJRNYFQ6AWS151746203-14319

Prepared by: IKPVerified by: RSNApproved by: ALM
60/158



svids  NTRYAS

Gannet

Perzistence
e 1.00

0.75

Morthing (Km)

Ll
M
L=

340 360 380
Easting (Km)

Figure4.28 Northern gannet grsistence scores across the twelve surveys.

41.4 Skuas

Very few skuas were recorded during the aerial surveys, namely fineat skuas and one unidentified skua spTéble

4.7). Thegreat skuas were recorded in July and September 2022, while the unidentified skua was recorded on 27 April
2022. In 20230nly two arctic skuas were observed during a survey on 27 Septembéable4.2)

415 Gulls

European terring gulls,great black backedgulls,lesserblack backedgulls,black headed gulls, little gulls, and uni-
dentified gull sp. are grouped for treatment in this section, while thiacklegged kittiwake (another gull species) is
treated separately because of their higher abundance in tagtended bird survey area

The gull species display speciepecific distributionpatterns,whichwere very clumped. Therefore, no spatial model
for this group of species was attempted.

In 2022,the great black backed andEuropeanherring gull were the most numerous species in the survey area, with
36 and 30 birds ecorded, respectively. Gredlack backedgulls were most numerous in March 2022 (21), arilro-
pean herring gulls were most numerous in December 2022 (19). Lesbtack backedgull was recorded with 22 indi-
viduals in September 2022. Onidtle gull was obgrved on 27 April 2022Table4.1). The number of gulls unidentified
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to species amounted to 44 individuals out of 123 gulls recorded across the six aerial suive$823,Europeanher-
ring gull and great blackbackedgull were the most numerous species, with 322 and 43 birds recorded for the two
speciesMost Europeanherring gull sightings were recorded on 3 April 2023 éble4.2).

Thesegull species were sometimes spread across the survey afégure4.29 and Figure4.30), while sometimes also
very clumped, particularly when fishing vessels operate in the area. No geographical hotspot areas can be identified.
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Figure4.29 The number of observed gul{80 herring gulls, 36 great blackacked gulls and 44 gull spand their distribution in the

North Sea Energy Island extended bird survey area for each of six surveys conducted between March and December 2022. Gull
indicates gull species that could not be identifaskpecies of a higher level of species group. The covered transect lines are indicated

for each survey.
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Figure4.30 The number of observedulls (303 herring gulls, 40 great bladlacked gulls and 33 gull spand their distribution in the
North Sea Energy Island extended bird survey area for each of six surveys conducted between January and November 2023. The co
ered transect lines are indited for each survey.
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4.1.6 Black-legged Kittiwake

Blacklegged kttiwakes were the extended bird surveyarea's most abundant and mostffectivelyidentified gull spe-
cies(Table4.1and Table4.2). A total of 1,29®lacklegged kittiwakes were recorded. Most birds were recorded in
March 2022 (173) and on 3 April 2023 (427), but also numbers above 100 on 2 March 2022 (173) and omiRZ0R@
(175), on 21 January 2023 (160) and on 2 March 2023 (183) while 73 individuals were seen in December 2022. No
blacklegged kittiwakesvere observed in theextended bird surveyarea in July, September 2022 and July 2023.

Blacklegged kittiwakeswvere recorded across theextended bird surveyarea, with a tendency for more birds in the
western and central partsHigure4.31and Figure4.32).

Blacklegged kittiwakeswvere seen either as single birds or small to medium grouf$ie maximum flock size was 40
birds, andthe mean flock size was 1.82
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Figure4.31The number of observellack leggedkittivakes(452 individualsand their distribution in the North Sea Energy Island
extended bird survey area for each of six surveys conducted between MadcBesember 2022. The covered transect lines are indi-
cated for each survey.
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Figure4.32 The number of observeblackleggedkittiwakes(846 individualsand their distribution in the North Sea Energy Island
extended bird survey area for each of six surveys conducted between January and November 2023. The covered transect lines are
indicated for each survey.
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4.1.6.1 Distanceanalysis

The average probability of sightinplacklegged kittiwakesvas estimated to be 0.28 (CoV = 0.05). This probability
was estimated using a hazard rate detection functicamd no covariates were selectedrigure4.33).

1.0

0.6
|

Detection probability
0.4
1

0.2

|

T T T T T
1] 200 400 600 800

Distance

Figure4.33 The estimatecblacklegged kittiwakedetection function. The histogram represents the distances of the observed sightings.

4.1.6.2 Spatial analysis
The spatial analysis data contained 14,453 segments, 3.8% aftwéontainedblack legged kittiwakesightings.Figure
4.34 shows the distribution of the distanceorrected counts for each of thewelve surveys.
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Figure4.34 Distancecorrected counts for thblack leggedkittiwake species across the 12 surveys. The red circles indicate the dis-
tancecorrected counts along the transect lines. The pale purple dots are segments with a count of zero.
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4.1.6.3 Model selection

For all but 3 surveys, the models selected for easlirvey included a spatial term (of varying complexity), while the
depth and distance from coast covariates (either as a linear or smooth term) were not selected for any surveys. This
shows there was compelling evidence for neumiform spatial patterns in ach survey, but given these spatial patterns,
there was no evidence for depth or distane-coast relationships. The spatial surfaces selected ranged from 2 to 10
parameters for the spatial termTable4.7).

Table4.7 Model selection results fatack leggedkittiwake for each survey. The model column represents the terms in the mbael.
distribution column represents the type of distribution model used. The variable 1D column indicate which of the 1D Jza&@bles
been included in the final model, while variable 2D refers to the spatial smdb#number of degrees of freedom (dfy &ach term

are given where applicablé NA 6 i n d i-applitablesval@eThe dispersion and Tweedie parameters are as defined in section

3421

Name Model Distribution  Variable 1D  Variable2D  Number of Dispersion Tweedie
parameters  parameter parameter

2 March 2022 | 2D Only Tweedie NA s(x,y,df=5) |6 7.4 1.34

1 April 2022 | 2D Only Tweedie NA s(xy, df = 10) |11 6.0 1.15

27 April 2022 | 2D Only Tweedie NA sk,y, df =10) |11 27.0 1.48

30 July 2022 | No Model NA NA NA NA NA NA

11 September| No Model NA NA NA NA NA NA

2022

23 December | 2D Only quasipoisson | NA s(x,y, df=9) |10 4.2 NA

2022

21 January 2D Only guasipoisson | NA s(x,y,df=2) |3 146.6 NA

2023

2 March2023 | 2D Only Tweedie NA s(x,y, df=10) | 11 9.3 1.40

3 April 2023 | 2D Only Tweedie NA s(x,y, df=9) |10 19.8 1.57

8 July 2023 | No Model NA NA NA NA NA NA

27 September| 2D Only guasipoisson | NA s(x,y, df = 10) | 11 3.2 NA

2023

10 November | 2D Only guasipoisson | NA s(x,y,df=7) |8 8.1 NA

2023

The estimated abundances and associated 95% percentile confidence intervals for each survey are givell&#.8
and Figure4.35.

Table4.8 Estimatedsurveyabundanceand density (N/km) of blackleggedkittiwake. The 95% Cl are percenthased confidence
intervals.

Month Area (Km) Estimatedcount 95% Clcount Estimateddensity  95% Cldensity
2 March 2022 4,812 1,831 (1,420, 2,288) 0.4 (0.3,0.5)

1 April 2022 4,812 219 (135, 489) 0.0 (0,0.1)

27 April 2022 4,812 1,756 (1,108, 2,941) 0.4 (0.2,0.6)

30 July 2022 4,812 0 (NA, NA) 0.0 (NA, NA)

11 September 2022( 4,812 0 (NA, NA) 0.0 (NA, NA)

23 December 2022 | 4,812 1,049 (679, 1,798) 0.2 (0.1, 0.4)
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21 Januarg023 4,812 2,534 (1,750, 3,746) 0.5 (0.4, 0.8)
2 March 2023 4,812 2,822 (2,065, 3,996) 0.6 (0.4,0.8)
3 April 2023 4,812 4,967 (2,914, 8,896) 1.0 (0.6, 1.8)
8 July 2023 4,812 0 (NA, NA) 0.0 (NA, NA)
27 September 2023 4,812 299 (213, 435) 0.1 (0,0.1)
10 November 2023 | 4,812 754 (506, 1,152) 0.2 (0.1,0.2)
Kittiwake
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Figure4.35The estimated count dflackleggedkittivakes for each survey. The 95% Cl are percentifesed confidence intervals are
from a parametric bootstrap with 500 replicates.

4.1.6.4 Spatial results

Figure4.36 shows the estimated counts dflacklegged kittiwakes in each 1 krigrid cell for each month. Generally,

the estimated abundances fitted well with the raw data, and there were no notable misalignments. In areas where the

estimated counts were systematically higher, the abundances were also relatively aighthere wereno areas with
large, estimated abundancesnsupported by the data.
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Figure4.36 The estimatedblack leggedkittivake abundance across the study site for eacinvey The estimated counts are per 1 km
x 1 kmgrid cell. The open circles show the observed corrected count. The coloured graphics represent the predicted counts in each
location.

4.1.6.5 Uncertainty in spatial predictions

Broadly, the highesCoefficient of Variation (CoV) scores @re associated witt@almostz er 0 6 pr edi cti ons,
known that the CoV metric is highly sensitive to any uncertainty for very small predictiome larger value wa the

western edge of the survey areatherwise absent from thelata. There was no material overlap betweerghi values

of the CoV metric and the transect lines/locations with naero counts,resultingin no concerns in this casd-{gure

4.37).
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Figure4.37 The Coefficient ofVariation (CoV)across the study region for eacurvey The open circles show the distance corrected
blacklegged kittiwakesounts, where applicabland the polygons represent the area of the extended bird survey area (black line).
The presence of dark red CoV scores in areas with virtually zero preditdiansartefact of the very small prediction ratheathany
notable concern. The dark grey shading is for surveys where no spatial models were fitted.

For the case when the very small, predicted values were exclu@fédure4.38), the CoV for all surveys was <1 for

most surveys and so of no material concern. For example, one survey (3 March 2023) shows apparent high values for
the CoV (~8) but once cells with verymall, predictedvalues are excludeghe CoV is <1 across the surface. How-

ever, for one survey (27 April 2022), there remains some high uncertainty in the central area, and this is reflected in
the wide 95% confidence interval for the abundance for thisrgey (Table4.8 and Figure4.35).
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Figure4.38 The Coefficient oiVariation (CoV)for all cells whose mean abundance is > 0.01 hiftise open circles show the distance
correctedblacklegged kittiwakeounts, where applicabland the polygons represent the area of teetended bird survey area
(black line). The presence of dark red CoV scores in areas with virtually zero predetiorartefact of the very small prediction ra-
ther thanany notable concern.

4.1.6.6 Model diagnostics

A blocking structure was used to accountfgotential residual norindependence for each model and a robust

standard error approach was based on unique transects. In each model, we saw a reassuring decay to zero (indicated
by the red and grey lines ifFigure4.39), implying that an appropriate blocking structure was used.
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Lag 1: min =-0.24, mean = 0.02, max = 0.92

Auto comelation

Lag

Figure4.39. Exampleof blacklegged kittiwakeAuto Correlation Function (ACPBJot. Thegrey lines represent the residual correlation
observed in each transeand the red lineis the average of these values across transects.

The assumed meatvariance relationship was examingdnd an agreement was generally founloetween the as-

sumed (QuasiPoisson or Tweedie) lines and the observed valuegure4.40 and Figure4.41show example relation-
ships for a quasiPoisson and a Tweedie model. The DHARMa diagnostics, shdamexample the blacklegged kitti-
wakemodel in Figure4.42, confirmed the nature of the measvariance relationship was appropriate in all cases. In the
example shownthere is no compelling evidence against the null hypothesis of a correct overall residigtibution,

as indicated by the pvalues for the associated tests, arlde residuals were also considered homogeneous.

Project ID: 10412920
Document ID: RDJRNYFQ6AWS151746203-14319

Prepared by: IKPVerified by: RSNApproved by: ALM
75/158



AARHUS
/v UNIVERSITET N I R“
DCE - NATIONALT CENTER FOR MILI@ OG ENERG!

Distribution Poizson = QuasiFoisson

V(residuals)
i

0.0 05 1.0 1.5
Fitted Values (Mean)

Figure4.40 Example quasPoisson measvariance relationship (red line) and actual (black ddts)blacklegged kittiwakeThe black
dots are based on 20 quantiles of the model residualwl for reference, the grey dashed line shows the 1:1 relationship.

Distribution Poizzon = QuasiFeiszon * *  Tweadie

3001

[
(=)
2

V(residuals)

1001

0 1 2 3 4 5
Fitted Values (Mean)

Figure4.41 Exampleof estimated Tweedie meawmariance relationship (blue dashed lirfey blacklegged kittiwakeThe red line
shows tfHe r\é( Ta)ard thergsel lingshowsthe 1:1 relationship.
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Figure4.42 Blacklegged kittivakddHARMa diagnostics. Example Qudt (left) and residuals against predicted values (right). The red
stars are outliers, and the red line is a smooth spline around the mean of thduals.

4.1.6.7 Areas ofpersistence

Across the 12 surveythere was a rather uniform distribution of the species across the extentdéd surveyarea §ig-
ure 4.43). There was a slightly lower persistenoa the southern edge of the survey area.
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Figure4.43 Blacklegged kittiwake ersistence scores acthe twelve surveys.

4.1.7 Terns
The only tern identified as a species during the aerial survey wassdnadwichtern. Two categories of unidentified

terns were recordedcommon/arctic tern and sp. Table4.1and Table4.2).

The common/arctic tern was the most numerously recorded group, withlSndividuals. These were recorded on 27
April (33) and September 2022 (18). In September, an additional 19 unidentified terns were recorded. No terns were
recorded in theextended bird surveyarea during the six surveys performed in 2023.

The terns were rainly recorded in the western and central parts of tlextended bird surveyarea Figure4.44 and
Figure4.45).
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Figure4.44 The distribution of 73 terns in the North Sea Energy Island extended bird survey area, combined for six surveys between
March and December 2022. The predefined transect survey lines are indicated.
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Figure4.45The distribution of terns (no sightings) in the North Sea Energy Island extended bird survey area, combined for six surveys
between January and November 2023. The predefined transect survey lines are indicated.
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4.1.8 Alcids (razorbill, common guillemotand Atlantic puffin)

The most numerousird group recorded in theextended bird surveyarea wasalcids(razorbills common guillemots
and Atlantic puffing. Most of these birds were recorded as unidentifiedzorbill/common guillemots (1,855 birds),
while fiverazorbills and 378&ommon guillemots were recorded to specie§ ble4.1and Table4.2).

Alcids were present in thextended bird surveyarea during all twelve aerial surveys, mastwhich were present on 3
April 2023 (1,494), 8 July 2023 (1,421), argpril 2022 (840)Nine Atlantic puffins wererecorded, six in March and
three on 1 April 2022. No #antic puffins were recorded in 2023Atlantic puffin hastherefore, been omitted from the
abundance and distribution analyses belowhe lowest number ofilcidswas 157 birds in July 202Zgble4.1and Ta-
ble 4.2).

Razorbillstommon guillemots were found across thextended bird surveyarea. In March and September 202gnost
birds were recorded in the western and central parts of the area, while ofptil, July and Decembethe birds were
scattered across the area. On 27 April 20280st birds were found in the central and eastern parts of the area, while
on 27 September 2023the birds were concentrated in the westernmost parts of textended birdsurveyarea Fig-

ure 4.46 and Figure4.47).

Razorbills anccommon guillemots were recorded as single individuals @amall groups.The maximum flock size was
20 birds, with a mean flock size of 1.90.
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Figure4.46 The number of observethzorbills orcommon guillemots(2,239 individualsand their distribution in the North Sea En-
ergy Island extended bird survey area for eachhef six surveys conducted between March and December 2022. The covered transect
lines are indicated for each survey.
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ergy Island extended bird survey area for each of six surveys conducted between Janddtgvember 2023. The covered transect

lines are indicated for each survey.
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The average probability of sightinglcids was estimatedt 0.23 (CoV = 0.02). This probability was estimated using a
hazard rate detection function and observeand glare as covariatedgure4.48 and Figure4.49).

Distarcs

Distrcn

Figure4.48 The estimatedalcid detection functiorfor each individual observer. The histogram represents the distances of the ob-

served sightings.
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Figure4.49 The estimatedalcid detection functiorfor glare intensity (1 (full sun), 2, 3 (cloudy) and 9 (changeable)). The histogram
represents the distances of the observed sightings.

4.1.8.2 Spatial analysis
The spatial analysis data contained,483 segments overall, 18.5% of which containgdid sightings.Figure4.50
shows the distribution of the distanceorrected counts for each of the two months of surveys.
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Figure4.50 Distancecorrected counts for thalcid speciegroup across the 12 surveys. The red circles indicate the distemected
counts along the transect lines. The pale purple dots are segments with a count of zero.
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