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Preface

This report was commissioned by Energinet. It describes results obtained from the bird survey program in
connection with the planned construction of the offshore wind farms ( O WF & ¢hg North Sea 1 area, and
specifically addresses the distributional behaviour of divers (red -throated diver/black -throated diver) and
common scoter within and around the Horns Rev |, the Horns Rev Il and Horns Rev Il offshore wind farms .

The report builds upon data collected under this project in combination with bird survey data from other
previous projects within that same area between 2000 and 2012 The present report is the continuation of a
similar analyses conducted in 2024, but containing data from six more surveys, conducted between November
2024 andApril 2025.

The report has eight main chapters. Chapter 1 is Introduction and objectives of the report. Chapter 2 details
the methods used. Chapter 3 describes theresults of the work . In Chapter 4 the results are discussed Chapter
5 provides conclusions from the work . Chapter 6 contains suggestions for future studies, while Chapter 7 is a
list of references. Chapter 8 contains three Appendices.

Front page illustration: An adult male common scoter at Lake Myvatn, north Iceland, photographed by Daniel
Bergmann, Iceland.

Declaration

This report was prepared in close collaboration between CREEM, Univ. of St. Andrews, Aarhus University
(DCE) and NIRAS. Aarhus University has been responsible for the data collection and data collation from
survey data from 2000 to 205 in the survey area. CREEM was responsible for statistical analyses of the data,
encompassing Distance Sampling detection functions, spatial modelling of the survey data and for the com-
parison of changes in distribution between phases of theOWF development in the survey area. The text asso-
ciated with the presentation of the modelling results is primarily written by CREEM, with input from AU.
NIRAS was responsible for project coordination.

The report was peer-reviewed by Tony Fox, Aarhus University, and quality assured by Camilla Uldal at DCE,
Aarhus University and Rune Sg Neergaard, NIRAS. Sgren Granskov, NIRAS gave final approval for publica-
tion of the report by NIRAS.

Energinet commented on a first and second draft of the report before the final version was published, the
comments and author replies can be found here:

https://dce.au.dk/udgivelser/oevrige  -dce-udgivelser/eksterne -udgivelser/202 5.
The report is published by the Danish Energy Agency as part of the tender for O WF &dnsthe North Sea | area.

The report and associated investigations were financed by Energinet. Energinet wrote the initial section of the
Introduction chapter.
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List of key terms

A list of terms (in English and Danish) and their explanations in relation to the Horns Rev study.

English
(abbreviation)
HR I

HR I

HR 111

Phase 0

Phase 1

Phase 1*

Phase 2

Phase 3

Danish

Horns Rev | havvindmgllepark
Horns Rev Il havvindmgllepark
Horns Rev Il havvindmgllepark

For opferelse af HR |, HR Il og HR 11l

Efter opferelse af HR |, men for opfarelse af
HR Il og HR Il

Efter opfarelse af HR |, og far opfarelse af
HR 1l og HR Ill, begreenset til optaellinger
foretaget senere end 1. november 2005der
blev gennemfgrt i sammenlignelige under-
sggelsesomrader.

Efter opferelse af HR | og HR Il, men fgr op-
forelse af HR 111

Efter opfgrelse afHR I, HR 1l og HR IlI

Explanation

The Horns Rev | OWF
The Horns Rev || OWF
The Horns Rev |l OWF

The pre-construction phase of both the HR I, the HR Il and the
HRIIl OWF & s

The post-construction phase of HR | and pre-construction
phase of both the HR Il and the HR 1ll O WFsb

The post-construction phase of HR | and pre-construction
phase of both the HR Il and
restriction to post 1st November 2005, a time span with compa-
rable survey areas.

The post-construction phase of HR | and HR Il, and pre -con-
struction phase of the HR 1ll OWF

Post-construction of all three OWF 6 s

t
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Summary

Between February 2000 and April 2025, 62 observetbased aerial surveys of birds were conducted at Horns
Rev, an area of the North Sea off central Jutland, using a Distance Sampling line transect survey design. The
survey area covered the offshore wind farm (OWF) areas of Horns Rev | (HR 1), Horns Rev Il (HR 1) and
Horns Rev Il (HR 11I). The surveys were classified into four main phases according to the construction and
operation of the three wind farms developed within the area. Phase 0 included 15 surveys prior to any wind
farm construction, Phase 1 included 25 surveys postconstruction HR | and pre -construction HR Il and HR 111,
Phase 2 included 10 surveys postconstruction HR | and HR I, but pre -construction HR Ill, while Phase 3
included 12 surveyspostc onstructi on of all three OWF&6s. Owing to c
in geographic ranges during Phase 1, which could bias the results, Phase 1* was created to represent the latter
surveys from November 2005 to late spring 2007. The combined data set collected between 2000 and 2025
offers a unique opportunity to address the potential change in the displacement of birds over time, based on
empirical data.

This report describes the changes in abundance and distribution of common scoter Melanitta nigraand divers
(predominantly red -throated diver Gavia stellatébut potentially including some black -throated diver s Gavia
arcticg over the period, based on the statistical analysis of visual aerial survey data in the Danish North Sea
Horns Rev area gathered during the surveys described above. Speciesspecific Distance Sampling analyses
were undertaken to correct for various aspects of avian detection probabilities, pooled across surveys. This
was since followed by survey -specific spatial analyseswith covariates including water depth (bathymetry) ,
distance from the coast and/or a geographical covariate to model the distributions of common scoters and
divers at a fine geographical scale for each survey

The number of common scoters in the entire survey area increased markedly from Phase 0 to Phase 2 due to
the distributional expansion west and northward from the coastal area and not necessarily an increase in over-
all abundance. The density of birds declined in Phase 3, which was dominated by the decline in the 2024/2025
winter surveys compared with previous survey years. Because of a general shift in the distribution of common
scoter in the survey area over the first years of the survey period, it was diff icult to assess the impact of the
installation of the HR I. Common scoters showed significant displacement from the footprint of HR Il within

a distance of 3 km between Phase 1* and 2 andwithin a distance of 6 km between Phase 1* and 3The dis-
placement effect was also be analysed in direction -specific sectors around HR Il. The longest displacement
distances occur in the western sector in bothphase differences (5 km and 8 km respectively). Within the HR I
footprint (the area within the outer perimetry of the Horns Rev Il offshore wind farm) common scoter densities
decline by 50% between Phase 1* and 2 and a further 65% in Phase 3. Common scoter densities significantly
increased in the HR Il footprint between Phase 1* and 2, when HR IIl was not constructed. Between Phase 2
and 3, after the canstruction of HR 111, significant declines of common scoters were observed. These declines
were in keeping with a general density decline in much of the survey area and therefore not necessarily di-
rectly related to the construction of HR 111

While common scoters occurred in the Horns Rev survey area in high densities, diver densities were much
lower. Diver densities in the HR | area were found to be fairly stable between Phases 0- 2, but significantly
decreased between Phase 2 and 3, a declenthat was in line with declines across much of the study area. HR
Il showed strong evidence for divers being significantly displaced around its footprint  within 5.5 km between
Phase * and 2 (pre- and post-construction) and within 8.5 km between Phase 1*and 3. The largest displace-
ment distances were observed in the northeast, Phase 122, and the southeast, Phase 13. Initially post con-
struction, Diver densities declined by 75% within the footprint of the wind farm (100% grid cells significantly
decreasing) and then by a further 24% between Phase 2 and 3 (30% cells significantly decreasing).
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We evaluated the long-term distribution of common scoter and diver species, bird species classified as sensi-
tive to human disturbances, i n and ar ocbuetalow ahdevarigbike
numbers of divers and common scoters in the HR | area this wind farm did not allow for definite conclusions
of the displacement effect of that wind farm. We found that divers and common scoters decreased in and
around the HR Il wind farm after its construction. Both divers and common scoter conti nued to be found in
decreased densities inthe HR |l area between Phase 2 and 3. Within the HR Il area, with larger and more
widely spaced turbines, declines in the density of common scoter or divers was observed in the post-construc-
tion phase, though not as pronounced as in the HR 1l area and at least in part owing to survey area wide
declines observed in the 2024/2025 surveys.
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1 Introduction and project objectives

Human activities have been shown to have effects on bird distributions at sea, for instance, by showing dis-
placement activity caused by ship traffic (Schwemmer et al. 2011; Fliessbach et al. 2019; Petersen et al. 2017).
A method of assessing the vulnerability of different bird species to disturbance from approaching ships de-
veloped in Germany ranked divers (red-throated diver, Gavia stellatagnd black-throated diver G. arcticg as
being the most vulnerable of all species to such disturbance, with 95% of the observed birds reacting to ap-
proaching ships. Common scoter, Melanitta nigra, ranked number six on that list, with 83% of the observed
birds responding to ships (Fliessbach et al. 2019). These two species have also shown avoidance behaviour in
response to newly constructed OWFO3s. Il n t pre-cokuctimm n Nor
data and ten post-construction surveys over two years showed marked displacements of divers, discernible

by reduced densities within ca. 16 km from the wind far ms (Mendel et al. 2019). Another study from the same
German North Sea area using a combination of aerial digital surveys and satellite telemetry data from 33 sat-
ellite telemetry -tagged red-throated divers showed 90 % reductions in density within the footpr int of the
OWF 6 s wihim da distance of 5 km from the wind farm periphery, with significant displacement detectable
within a distance of 1315 km (Heinanen et al. 2020).

Both red-throated diver (a specially protected species listed on Annex | of the Birds Directive) and common

scoter (for which Denmark has special responsibility for the moulting and wintering distribution of the pop-

ulation) are numerous and relatively high ly concentrated in Danish waters, especially in the North Sea. For

this reason, and particularly for predicting the effects of future developments in offshore wind power, it is

important to know if these major displacement responses are common to alltypesof OWF 3 s . Further |
is important to establish if there is any evidence for modification of these responses over time, i.e. whether

birds have shown signs of moderating their responses as they have got used to the initially unfamiliar and

highly dist urbing stimuli of turbines and associated maintenance traffic .

In the period from 2023 to 2025, aerial surveys to determine avian distribution and abundance at sea were
conducted as part of the baseline preinvestigations for the North Sea 1 OWF site, located in the eastern part
of the Danish North Sea and partly north of the Horns Rev survey area, commissioned by Energinet. The aerial
survey and subsequent data analyses were conducted in collaboration between Aarhus University/DCE, the
University of St. Andrews, Scotland and NIRAS A/S. The purpose of these surveys and the results of the
analyses was to gather baseline information to support future environmental impact assessments related to
upcoming wind farm projects.

As a supplementary part of this project, Energinet commissioned NIRAS, in collaroration with Aarhus Uni-
versity and University of St. Andrews , to conduct twelve aerial surveys of birds in the Horns Rev area between
November 2023 and 205, to determine potential changes in displacement shown by two specific key bird
species, common scoterMelanitta nigraand red-throated diver Gavia stellatgby far the most numerous of the
two diver species in the study area) in relation to constructed windfarms , supplementing a similar analysis
undertaken in 2014. The main objective of this study was to assess the degree to which displacement responses
to the wind turbines shown by the two bird species had changed over time; for instance, to see if initial avoid-
ance response distances had been reduced (sometimes interpreted as potential habituation to the stimulus of
the constructed wind turbines).

At Horns Rev, a shallow sand bar extending ca. 40 km west of Blavandshuk in west Jutland, the HR | OWF
first became operational in 2002. In the autumn of 2009, theHR Il OWF was completed and became opera-
tional, followed by the HR 1l OWF in the same general area in 2019.
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In relation to environmental assessments of these specific wind farm developments, a series of aerial surveys
of birds have been conducted covering the general Horns Rev area.These included 19 aerial surveys between
February 2000 and April 2003, followed by seven additional surveys between September 2003 and September
2004 to monitor post-construction effects in relation to the construction of the HR | OWF. Fourteen further
surveys were conducted from March 2005 to April 2007 in the Horns Rev area to contribute to Environmental
Assessments prior to the construction of the HR || OWF. Between March 2011 and April 2012, a further ten
aerial surveys were conducted in the Horns Rev area as postconstruction surveys in relation to the HR I
OWEF. As part of this present project, 12 aerial surveys were conducted between November 2023 and April
2025. A total of 62 aerial surveys over 25 years provide the background data for assessing potential changes in
bird distributions in relation to the presence of the turbines undertaken here. All aerial surveys were con-
ducted by Aarhus University/DCE under a series of different contracts using the same survey protocol (see
Table 1-1).

A previous analysis of changes in distributions of common scoter and red -throated diver from pre - and post-
construction bird survey data was performed for the HR Il OWF (Petersen et al. 2014). The conclusion was
that common scoters were displaced around the HR Il wind farm. This present report aims to assessvhether
there have been changes in common scoter and reethroated diver distributions in relation to all three wind
farms over time, including data from twelve additional surveys conducted between November 2023 and April
2025.The following sections describe the surveys, the Distance Sampling methods applied and the spatial
analysis framework, which comprises model selection, diagnostics, inference and outputs. The results are pre-
sented for each species, while the appendices cotain an executive summary of the methods.

1.1 Study area

The overall survey area covers an area of 2,818 kra It extends from the west Jutland coastline westwards to
ca. 50 km west of Blavandshuk and a maximum of ca. 50 km northwards from an east-west line drawn from
the southern point of Fang (Figure 1-1).

The area contains three OWFds of different turbine
spaced regularly 560 meters apart. HR || comprises 91 turbines in arcs spaced 693 meters apart in the inner arc
and 905 meters in the outer arc.HR Il has 49 turbines arranged in a more irregular design, generally compris-
ing 1,105 meters between columns and 1,751 meters between rowgFigure 1-1).

10
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Overall transect lines
= Study area

EU Birds Directive Area

Horns Rev|lll
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Figure1-1. The Horns Rev OWF study area, showing the fullest extent of coverage over all surveys combined achieved for the species
considered here (dark blue line). The general survey transect lines are shown (grey lines). The turbine positione of t@etHfed s ,

Horns Rev | (southeast), Horns Rev Il (southwest) and Horns Rev Il (north), are indicated. The extent of the EU BirdeDirectiv
Special Protection Areas 57 and 113 within the study area is also shown (ochre lines).

P

The survey coverage changed over time between February 2000 and April 202 in relation to differing survey
needs and project objectives and so covered different subareas within the overall study area (Figure 1-2, Table
1-1). The survey coverage for each of the62 aerial surveys can be found in Appendix 1 (Chapter 8.1 (Figure
8-1to Figure 8-10and Table 8-1)). One of the surveys was omitted from these analyses asneither of the target
species were present in the area at tlat time of year.

Tablel-1. The number of aerial survegerformedand the area covered (in squkilemetes) for each of six survey
campaigns in the Horns Rev area between 2000 and #Df#al, 62 surveyswere conducted, one of which was omit-
ted from the analyses this report as no birds of the two target species were observed

Period Number of surveys Kmz2

February 2000 to August 2005 30 1,911
November 2005 1 2,697
February 2006 to May 2006 6 2,035
January 2007 to April 2007 4 1,873
March 2011 to April 2012 10 2,337
November 2023 to April 2025 12 2,122
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Figure 1-2. Maps showing the survey coverage (coloured polygons with multiple surveys iphesghin relation to
thespatial modeprediction area (grey dotted areas). The wind farm footprints are outlined in red.

These surveys covered the time prior to any wind farm construction (Phase 0), post-construction of HR | (Phase
1), postconstruction of HR Il (Phase 2) and postconstruction of HR Il (Phase 3;Table 1-2). Phase 1* is a
shortened Phase 1 to include only the latter 10 surveys when the survey coverage was broader.

Tablel-2. Table detailing the constructigghass, time frame and survey effofthe number of surveys from which
data was used for the present analysis is given (Number of surveys).

Phase Phasenumber Date range Number of surveys
Pre-construction 0 Feb 2000- Apr 2002 15
Post HR | 1 Aug 2002 - Apr 2007 25
Post HR | - shortened 1* Nov 2005 - Apr 2007 10
Post HR | & I 2 Mar 2011 - Apr 2012 10
Post HR I, Il & 1l 3 Nov 2023 - Mar 2025 12

The bathymetry of the study area extends from 0 to 35 meters depth. Horns Rev is a shallow sand bar extend-
ing into the seafrom Blavandshuk, to just west of the HR Il OWF. Due to current and wave action, the sandy
seabed is subject to turbulent movement and substrate instability.

Most of the study area falls within the O0Osouthern
was enlarged from its original geographical extent by a revision in 202 3. With the enlargement the list of bird

speciesdesignated for the areawas extended to include common scoter. The originally designated species,
red-throated diver, black -throated diver and little gull remain on the list of designated species The southeast-
ern part of the study area also fallswithin t he o0 Vadehavet GreaB$PA%r). Di recti ve

This report describes the distribution and abundance of birds in the four phases shown inFigure 1-2 and assess
the results for significant changes in and around the three wind farm footprints. Phase 1 was divided into an

early and a late phase, using the late part of that as Phase 1*The objectives of the analyses in this report is to
assess whetheror not, and if so to what degree, a species might be showing distributional changes that suggest
a return to areas within and around an OWF after a redistribution or decline post -construction. Therefore, to

meet this objective, various outputs were produced, and a range of comparisons were made, including those

that tested changes in density with distance from a wind farm footprint.

12
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2 Methods

Visual aerial surveys were used to collect seabird data using line transect Distance Sampling methods (Buck-
land et al. 2001). During these surveys, trained observers searched for and recorded birds in distance bands in
addition to environmental conditions at the time (e.g. sea state or sun glare).

2.1 Data collection

Data on bird abundance and distribution were collected using standard methods; human observers visually
gathered data during aerial surveys, flying transects between designated GPS waypoints at a regular speed of
100 knots and an altitude of 76meters (Figure 1-1). Twin -engine Partenavia P-68, Cessna 337r Techam P2006T
high-wing aircraft were used for the surveys. Observations were recorded within distance bands parallel to
the aircraft to allow for the modelling of differential detectability at increasin g distancesfrom the observers
(Petersen & Sterup 2019, NOVANA Technical Specification TA A188), following standard Distance Sampling
line transect survey methods (Buckland et al. 2001, 2015).

Two trained observers recorded birds from either side of the aircraft. The bird species or species group was
noted for each record, along with information o n flock size, behaviour (sitting on the sea surface, flushing,
flying or diving) , perpendicular distance from the survey track and time. In addition, the environmental con-
ditions at the time (e.g. sea state or sun intensity) were registered. The perpendicular distance was classified
in predefined distance bands with increasing distance from the survey tr ack line within 1.5 km on either side
of the aircraft (Figure 2-1).

I T T T T 1
:Dead angle 0 2550 100 150 200 250 Meters
Transect band A

() Transect band B
() Transect band C
() Airspace

Sea
Figure2-1. The transect band definitions for aerial line transect surveys. From the survey altitude of 76 m, there is a

deadarea extending td4 m on each side of the survey trankler the aircrafthat the observers could not cover.

The survey transect lines were designed as parallel north-south oriented lines, covering the survey area. The
transect lines were separated by 2 km for most transects, although in parts of the area the distance between
transects was 4 km

Aerial surveys were conducted under good weather conditions, with a visibility of more than 3 km and wind
speeds preferably Il ess than 6 m/s. Hi gher wind speeds
the surveys). Data collected under sea states 4 ohigher was omitted from the data analysis.

At Horns Rev, a total of 62 aerial surveys of birds were conducted between 2000 and 203. The precise survey
coverage area differed slightly between the different projects and contracts. The coverage per survey is
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presented in Appendix 8.1, showing the precise survey track lines covered during each survey and the num-
bers of both species encountered.

2.2 Survey data

The data used for this analysis consistsof 62 surveys from February 2000 to April 2025. The transect lines for
each survey were split into segments of approximately 500 m long up to 1000 m wide. Detected birds on both
sides of the aircraft were assigned to four distance bins perpendicular to the flight direction (A -D) with cate-
gories 0 m-119 m (A), 119 m388 m (B) and 388 m956 m (C) as shown in Figure 2.1 plus an additional band
956 m1456 m (D). Clinometers were used to aid designate observations to the appropriate distance bin. A
band width of 44 m under both sides of the plane along the flight line was not visible to observers and, there-
fore, birds were not recorded from here and this area did not contribute to the dataset. Band D was removed
from analysis for all species owing to very few or n 0 observations.

All latitude/longitude locations were converted to UTMs using UTM Zone 32N. The transects for the sur-
veys are shown in Figure 2-2. The number of segments per survey is presentedunder t he col umn ON
of Segmentsd in the Tabl e

Table2-1. Table detailing the survey effototal area anchumber of segments) for each of the surveys and the number
of segments in each of the wind farm footprints.

Survey Date Phase Area Covered (km) Number of Segment HRI Segment HRII Segment: HRIII Segment:

20000217 | O 1581 1688 24 30 6
20000221 | O 1098 1184 24 0 0
20000319 | O 1525 1680 24 32 6
200004-27| O 1377 1514 24 32 6
20000821 | O 1388 1539 24 34 6
20001006 | O 1307 1472 24 22 6
20001222 | O 1171 1251 24 0 6
2001:02-09| O 1443 1540 24 32 6
20010320 | O 1564 1687 24 33 6
2001:04-21| O 1319 1691 24 32 6
20010822 | O 1566 1677 24 32 6
20010926 | O 1456 1550 24 28 6
20020107 | O 1274 1401 24 7 6
20020312 | O 1393 1478 16 32 4
20020409 | O 1296 1402 24 33 6
20020808 | 1 1310 1404 24 30 5
20030213 | 1 1218 1433 24 15 6
20030316 | 1 1622 1741 24 32 12
20030423 | 1 1606 1758 24 31 12
20030905 | 1 1440 1722 24 32 6
20031204 | 1 1295 1440 24 16 3
200312-30 | 1 1162 1290 24 14 6
20040229 | 1 1562 1784 24 33 6
20040326 | 1 1607 1782 24 31 6
20040510 | 1 1599 1779 24 32 6

14
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NIRAS

Survey Date Phase

2004-09-09
2005-03-08
2005-04-02
2005-05-14
200508-17
200511-18
2006:02-02
2006-02-25
200603-12
2006:04-15
20060511
2007-01-25
2007-02-15
2007-03-03
2007-04-01
2011-03-01
2011-03-26
2011-04-11
20111013
2011-11-17
201201-15
2012-02-08
201203-02
2012-03-22
201204-11
202311-17
202312-27
2024-01-09
202402-27
2024-04-08
202404-22
2024-11-05
202412-10
202502-15
202502-28
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Area Covered (km) Number of Segment HRI Segment HRII Segment: HRIIl Segment:

1503
1676
1177
1666
1660
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Survey Date Phase Area Covered (km) Number of Segment HRI Segment HRIl Segment HRIII Segment:

20250320 | 3 1123 1181 24 40 81
20250403 | 3 1125 1183 24 34 82
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F|gure2 2. All survey data mapped by survey. The coloured circles represeizienorsegment counts for the two
species groups. The pale pun@present segments with zero bird detections.

2.3 Distance Sampling Analysis

All survey data were collected using visual aerial methods and so correction for declining detectability with
increasing distance from the plane was accounted for using Distance Sampling methodology (Multiple Co-
variate Distance Sampling, MCDS) (Marques and Buckland 2004; Marques et al. 2007; Buckland et al. 2001)
Analyseswere conducted for each of the common scoter and divers datasetsby pooling the information across
all surveys. The Distance Sampling analysis models the decreased probability of detecting a bird or group of
birds with increased distance away from the track line of the survey aircraft.
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To allow for the detectability of birds varying due to external factors (not just distance from observer) other
covariates were included in the distance model. The candidate variables trialled were bird group size, behav-
iour, observer and sea state Table 2-2). For some observers there were too few observations so in those cases,
the observersd observations were combined with the nex
four were removed. For scoters, which were occasionally seen in very large numbers (up to 20,000), any seg-
ments with birds were assumed to have perfect detection and omitted from the detection analysis. The ob-
served values for these segments were used in the spatial analysis. Both habihormal and hazard rate detection
functions w ere trialled (allowing different steepness/shape of the decline in detectability with distance) and
the best of all competing models chosen using BIC. The effects of glare, and any mitigations as a result, was
approached using a dedicated analysis. Further details on this and the distance analysis can be found in Ap-
pendix 8.2.

Table2-2. Table detailing the covariates used in the detection function fitting.

Covariates Values

Behaviour S (sitting or diving) and F (flying or flushing)
Observer 17 Observers

Sea State 0,0.5,1, 15,2, 2.5, 3, 3.5 (calm to rough)

2.4 Spatial Analysis

The following sections describe the modelling methods employed for this analysis and a description of the
outputs which follow . Appendix 8.2 provides full details of the methods.

The outputs from the detection function analysis give a detectability corrected count (abundance) in a small

area (estimated for areas along segment of approximately 500 m). Spatial models are then used to turn the
distance corrected counts along transect lines into spatial distribution maps, whilst accounting for data char-

acteristics and modelling assumptions. The spatial modelling process was undertaken using a spatially adap-

tive Generalised Additive Model framework (GAM) with an error family suitable for ~ count per unit area re-
sponse data, the Tweedie distribution (Miller, 2013). The effort associated with each observation varied de-
pending on the associated segment length and width, and so ssgment area was included as a logscale offset
term in the model.

Additionally, survey coverage was not constant throughout, and particularly in the early years did not fully
cover the prediction area used for this present analysis(the grey dotted area defined in Figure 1-2). Because
this lack of data potentially causes extrapolation artefacts, the model framework was extended to use the prin-
ciple of quadrature points (Berman and Turner 1992). These points were generated on a 1 x 1 km grid in the
combined prediction -survey area for each survey to provide a data reference for the model in areas that have
not been surveyed. The quadrature points/pseudo -absences were used only in the area within the predicted
area of interest but outside the coverage area of a given survey. This approach meant that the model frame-
work used was weighted Tweedie GAM.

As each survey was analysed separately, only spatialy -referenced explanatory variables were considered (and
not 0 tS3pecifically, the candidate variables for inclusion in the spatial model were a set of one-dimen-
sional terms, water depth and distance to coast,which were permitted to change linearly or non -linearly with

the response A two -dimensional term using geographic coordinates to account for surface patterns was also
considered for inclusion, to include unmodelled environmental variability (ScottHayward, Oedekoven, et al.
2014) The flexibility of these smooth functions (1D or 2D) was determined using the BIC criterion, whilst the
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more computationally intensive 5 -fold cross-validation was used to choose between competing models (with
different numbers of variables).

The response data were collected along survey lines in sequence, and so consecutive observations were likely
to be correlated in space and time.While a spatial term was also considered for inclusion, any resulting tem-
poral auto-correlation in model residuals was also accounted for by using robust standard errors as part of the
modelling process These essentially inflate the standard errors in relation to the positive correlation observed
within pre -specified blocks (here, transects) of residuals.

Uncertainty in the outputs, reflected in both the det e
strappingo. This process involves repeatedly sampling
obtaining a new set of predicted abundances across the spatial grid. From this process, 500 sets of plausible
predictions for every grid cell were generated, which may be used in a variety of ways to estimate uncertainty
and answer questions such as 0does tuveysosphase $ @ | di strib

All models were fitted using the MRSea R package (ScottHayward et al., 2023; R Core Team, 202¥tand sub-
jected to various diagnostic checks (e.g. assessment of the assumed meavariance relationship, a key assump-
tion check).

Further methodological details on model specification, fitting, and diagnostics are available in Appendix 8.2.

2.4.1 Model Framework

The response variable for the spatial models under analysis here, are bird counts in a small area (segment)
which have been corrected for detectability. This response was modelled using a Tweedie framework, which
includes an estimated dispersion parameter (%9 and PoissonGamma mixing parameter (, ) to return an ap-
propriate mean-variance relationship in each case. The mixing parameter takes on values from 1 (equivalent
to quasi-Poisson) and 2 (equivalent to Gamma). If the estimated parameter was close tol, the models were
considered quasi-Poisson. A set of candidate explanatory variables were associated with each segment to
model the signal, and in this study each of the 62 surveys was analysed separately, including covariate selec-
tion, for each species. The candidate environmental covariate was water depth (bathymetry) while distance
from coast (as a onedimensional term) was also considered in each model, in the unlikely case there was
compelling evidence for consistent spatial patterns with distance fro m coast which were the same in all direc-
tions. Additionally, to account for more realistic (and localised) surface patterns (due to perhaps unmeasured
covariates) a spatial surface was also fitted to each model. Specifically, a twadimensional CReSShasedsurface
using a Gaussian radial basis function was included in the model (Scott-Hayward, Oedekoven, et al. 2014).

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

® DYO* Ik

. 0 K@ YSEHNRE 2t 23
where & is the estimated count for transect ®egment™@nd i represents either a quadratic 6 -spline or natural
cubic spline smooth of depth. Here, i is a two dimensional smooth of space (with coordinates XPos and YPos
in UTMs). Implicit in this model are also coefficients for the intercept (f ) and any spline-based coefficients
associated with the smooth terms. The effort associated with each observation varied depending on the asso-
ciated segment area and so 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 trial led for inclusion
in each model, to indicate how best to model spatial patterns in each case. In particular, this quantifies if any
spatial patterns are sufficiently described by the one-dimensional covariates (which applies the same across
the surface) or if a more considered approach to spatial patterns was required for each survey and for each
species. For example, if depth was selected and a twedimensional spatial element was not deemed necessary
(as determined by the model selection procedure governed by objective fit criteria) then this signals that any
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spatial patterns are primarily a function of the depth, regardless 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 environment-related terms) were accommodated using a spatially adaptive term which
permits different amounts of flexibility acr oss the surface in a targeted and yet parsimonious way (hence,
relatively complex spatial patterns can be accommodated with very few parameters).

Selection between competing models was undertaken using an information criterion metric, BIC, which has a
penalty related to the extent of the data supporting the model.

2.5 Model specifics

More specifically, the MRSea packageCReSSSALSA based spatially adaptive generalized additive models,

with targeted flexibility, were fitted to data from each survey to allow for non -linear relationships between

the one-dimensional and two -dimensional covariates and the response (ScottHaywa rd, Mackenzie, et al. 2014,
2014; ScottHayward et al. 2023; Walker et al. 2010).

CReSS is a complexegion spatial smoother, whilst SALSA is a Spatially Adaptive Local Smoothing Algorithm
both developed to examine animal survey data for signs of changes in animal abundance and distribution
following marine renewables development. Howev er, the methods are suitable for a wide range of applica-
tions.

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 spatial patterns in each analysis were based on a twedimensional Gaussian radial basis function (df =
[2,200]). The flexibility of both the spatial and 1D elements constituted part of the model selection procedure
and, for each survey, was determined using SALSA and the BIC measure of fit.

Uncertainty about model parameter estimates proceeded via robust standard errors due to the nature of the
survey procedure. These essentially work by inflating the standard errors ( normally obtained under tradi-
tional approaches) in relation to the positive correlation observed within pre -specified blocks of residuals. In
cases where this residual correlation is minimal, the adjustments are small, and when the correlation is more
extreme, theinflation is larger.

A transect-based blocking structure was used to reflect potential correlation within blocks while independence

(i.e., no correlation) between blocks was assumed. To ensure this assumption was realistic, the decay of any

residual correlation to zero (i.e., independence) with the distance between points (within blocks along tran-

sects) was assessed visually. Specifically, transects in each survey were used as the blocking structureAn

Auto Correlation Function (ACF) plot was used to check the suitability oft hi s bl ocki ng structur
to zerod6 trend within blocks.

251 Modelling diagnostics

All modelling approachesare based onassumptions, and the violation of these can lead to spurious results to
a greater or lesser extent To assess the adequacy of model fit and assumptions a range of diagnostic measures
were used.

9 ACF plot: A blocking structure was used to account for potential residual non -independence for each
model and a robust standard error approach was based on unique transects. Figure 2-3 shows an
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example ACF plot with the temporal correlation within each transect shown in grey and the average in
red. The plot shows a mean lag one correlation of approximately 0.25 followed by a reassuring decay to
zero. This indicates that the robust standard errors were necessary for this model (no residual correla-
tion is indicated by a lag 1 correlation of near zero) and that the blocking structure is appropriate.

Figure2-3. Example ACF plot: the grey lines represent the residual correlation observed in each transect and the
red line the average of these values across transect.

I Mean-Variance plot: The assumed meanvariance relationship under the model was assessed visually
using plots of the model's fitted values against the residuals' variance. In this analysis, Tweedie models
were employed, which assume a nonlinear mean-variance relationship. Figure 2-4 shows an example
plot. The observed residual variance is calculated in bins relating to quantiles of the fitted values (hence
the irregular spacing). These are plotted as the blackpoints and agreement betweenthese,and the as-
sumed relationship (Tweedie, dotted blue line) indicates the mean -variance assumption is appropriate.
As the Quasi-Poisson and Poisson families are special cases of the Tweedie, these are included on the
plot for comparison .

Distribution Poisson —— QuasiPoisson * *  Tweedie

40000

30000

20000

Wresiduals)

10000

0 20 40
Fitted Values (Mean)

Figure2-4. Plot showing the estimated Tweedie mearnance relationship (blue dashed line). The red line shows the
V() = g Orelationshipand the grey line the 1:1 relationship. The blaaiktsare the observed residual variances.

i DHARMa diagnostic plots: QQ plots and residuals against predicted values plots were assessed to as-
certain the level of agreement between the data and the model (Figure 2-5). These plots were created
using the DHARMRpackage and using simulated residuals. Given these outputs, we would expect that
a correctly specified model shows:

a) a straight 1-1 line, and no compelling evidence against the null hypothesis of a correct overall
residual distribution, as indicated by the p-values for the associated tests in the QQplot.
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b) visual homogeneity of residuals in both the vertical and horizontal directions, in the residuals
against predictor plot.

DHARMa residual

Q0Q plot residuals Residual vs. predicted

1.0

1.00
|

KS test p= 0.88098
Deviation n.s.

075
|

0.6

0.50
i
1
I
i

Obsened
0.4
DHARMa residual

0.25
|

Outlier test: p= 052377
o ol

= Deviation n.s.

T T T T T 1 T T T T T 1
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0.00
L

Expected Model predictions (rank transformed)

Figure 2-5. Example DHARMa plots: QQplot (left) and residuals against predicted values (right). Tlasteriksare
outliers,and the red line is a smooth spline around the mean of the residuals.

9 Pearson residuals for each model were also spatially visualised to ensure no areas of consistent bias
across the survey area. This would be indicated by clusters of negative or positive residuals in spatially
similar locations.

Diagnostic outputs are not shown in the results chapter, but a full set (all 62 models for both species) is avail-
able on request.

25.2 Model Predictions and estimates of uncertainty

Based on each selected model, predictions of counts were made to a grid of points (each point representing a
1km grid cell) across the study area. Additionally, abundances within the survey -based prediction areawere
obtained by summing the grid cell counts across the relevant areas.A key output of any statistical modelling
process is the incorporation of uncertainty from all steps and the presentation of this uncertainty alongside
estimates (e.g. an abundance estimate with 95% confidence interval).

The uncertainty in the detection function was reflected using a parametric bootstrap (¢ v m)TOf the fitted
Distance Sampling model to obtain new 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 robu st variance-covariance matrix from
each parametric bootstrap model. These were used to calculate 500 sets gblausible model predictions , for
every grid cell in the study area. To obtain 95% percentile-based confidence intervals and a coefficient of var-
iation for each grid cell, the 2.5% and 97.5% quantiles of the 500 bootstrap predictions were taken along with
the standard deviation. Using the bootstrap predictions, we can create a number of other outputs to assist in
assessing consistency of distributional patterns (persistence) and distributional changes over time.

A calculation of O6persistenced wamsesdndasross alldueveys aoriksid-n a c r
ered together, within species, using the geo-referenced estimates of density (abundance/associated area)
across the survey area.Distributional persistence allows the reader to get a measure of intra/inter -annual
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variability across multiple surveys . For example, there may be areas of consistent usage, despite surveyo-
survey variability, which can provide context to the ability to detect post -construction changes. 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 estimaes were above the estimated mean, and thus indicdes low persistence in that location.

Persistence scores were calculated for every grid cell in the following way: Each bootstrap replicate was allo-
cated a binary value based on whether or not the estimate in each location was above the mean estimated
density (1) throughout the survey area or below this mean estimated density (0). This was performed for all
sets of plausible predictions in each grid cell (based on the bootstrap replicates) and the proportion of these
bootstrap predictions over the mean (indicated by the value of 1) was calculated for each grid cell to give a
persistence score for that location.A zero would result from the density in every survey and every bootstrap
being below average.

Distributional changes over time were evaluated by comparing the estimated distributions from the four
phases. Any changes during this time in and around the three wind farm footprints could also be observed.
Difference plots were used to visualise any spatially explicit changes in the distribution of birds. The boot-
straps from the modelling process described above were used to generate a 9% interval for the difference in
abundance in each grid cell. If the interval contained zero, it was deemed not to indicate a statistically signifi-
cant difference in abundance between the two comparison years, which is a conservative approach to deter-
mining change. If the range of plausible values for the difference (indicated by the 95% confidence interval)
did not include zero, then the change was deemed significantly positive or negative. These bootstrap-based
cell-wise differences betweenphases were also viewed in concentric rings that were within distance of the HR
Il footprint.
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3 Results

3.1 Common Scoteg Observations

First, data from the last two arial survey campaigns (November 2023 toApril 2024 respectively November
2024 to April 2025) are presented here. Common scoters were observed within the study area during all sur-
veys conducted in the seasons 2023/2024(Figure 3-1) and 2024/2025 (Figure 3-2). The majority of the birds
were observed at Horns Rev on water depths less than 20 meters. Although the general distribution of com-
mon scoters within the survey area was similar between the two seasons, the total number of observed indi-
viduals was very different. During the six surveys conducted in 2023/2024 atotal of 151,400 birds were ob-
served (Table 8-2), while the corresponding number for the six surveys conducted in the 2024/2025 season
was 18,052 birds {[Table 8-3), an over eightfold reduction in observed numbers. During the 2023/2024 season
common scoters were observed in high numbers in the Horns Rev Il offshore wind farm area, while much
fewer birds were observed there in the 2024/2025 season. For comparison, aerial survey coerage and common
scoter distributions from the earlier surveys are provided in Appendix 8.1 (Figures 8.1 -8.10 and Table 81).
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Figure 3-1. The number of common scoters observed and their distribution within the survey area for six aerial
conducted in the winter season of 2023/2024.
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Figure 3-2. The number of common scoters observed and their distribution within the survey area for six aerial

conducted in the winter season of 2024/2025.
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3.2 Commonscoter - Distance Analysis

The average probability of sighting common scoter was estimated to be 0.29 (CoV=0.01). This probability was
estimated using a hazard rate detection function and group size as a covariatefor the combined data set (Fig-
ure 3-3). As might be expected, the larger the group size, the higher the probability of detection.
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Figure 3-3. Graphs showing the estimated detection function of common scoter in small @noiddyge groups
(200 birds). The histograms represent the distances (m) of the observed sightings across observers.

3.3 Common scoter Spatial Results by Survey
Figure 3-4 shows the distribution of the distance corrected counts for each of 62 surveys.
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Figure 3-4. Distancecorrected counts for tteemmonsmters across th&2 surveys. The red circles indicate the dis
tancecorrected counttdNHAT) along the transect lines. The grey dots are segments with a count of zero.

3.3.1 Model Selection

For 47 of the 62 surveys, the models selected included a spatial term (of varying complexity) while the depth
covariate (as a nonlinear term) was selected for 15 of the surveys d in 11 of these models however, the spatial
term was also included. The distance to coast covariate was selected as a nofinear term in 18of the 62models,
and linear in three. All but eight also included a spatial term showing compelling evidence for non-uniform
spatial patterns. The spatial surfaces selected ranged fromtwo to 13 parameters for the spatial term (Table
3-1). The estimated abundances and associated 95 percentile confidence intervals for each survey are given in
Table 3-2, illustrated in Figure 3-5 for all surveys combined and Figure 3-6 combined for eachof the phases

Table3-1. Model selection results faommonscoter for each survey. The model column represents the terms in the

model.
Name Model Distribution Variable 1D  Variable 2D Number of Dispersion Tweedie pa
Parameters parameter rameter
200002-17 | Best1D2D| Tweedie |s(distcoast, df=2 s(x,y, df=8) 11 23.1 1.61
200002-21 2D Only Tweedie NA s(x,y, df=3) 4 29.8 1.57
20000319 | Best1D2D| Tweedie |s(distcoast, df=2 s(x,y, df=6) 9 11.5 1.60

Project ID: 10417708
Document ID : NSK5STKFDW43-1172207895/512

Prepared by: IKP Verified by : RSN Approved by : SGRA o7 118



Name Model Distribution Variable 1D  Variable 2D Number of Dispersion Tweedie pa
Parameters parameter rameter
2000-04-27 2D Only Tweedie NA s(x,y, df=3) 4 134.3 1.49
2000-:08-21 |Interceptonly Tweedie NA NA 1 187.0 1.30
20001006 | Distanceto| Tweedie |s(distcoast, df=2 NA 3 25.4 1.49
coast
200012-22 2D Only Tweedie NA s(x,y, df=9) 10 28.7 1.49
2001-:02-09 2D Only Tweedie NA s(x,y, df=2) 3 74.4 1.55
2001-03-20 | Best 1D2D| Tweedie s(depth, df=2) | s(x,y, df=4) 7 20.3 1.61
2001-04-21 | Best1D2D| Tweedie |s(distcoast, df=2 s(x,y, df=8) 11 11.0 1.61
2001-08-22 Depth Tweedie s(depth, df=2) NA 3 197.5 1.41
2001:09-26 | Best 1D2D| Tweedie |s(distcoast, df=2 s(x,y, df=10) 13 3.5 1.54
20020107 | Best1D2D| Tweedie s(depth, df=2) | s(x,y, df=9) 12 25.1 1.52
200203-12 | Distanceto| Tweedie |s(distcoast, df=2 NA 3 67.3 1.61
coast
200204-09 2D Only Tweedie NA s(x,y, df=5) 6 14.1 1.49
200208-08 | Distanceto| Tweedie |s(distcoast, df=2 NA 3 14.4 1.39
coast
200302-13 2D Only Tweedie NA s(x,y, df=2) 3 134.9 1.61
200303-16 | Best 1D2D| Tweedie |s(distcoast, df=2 s(x,y, df=13) 16 45.6 1.58
2003-04-23 | Distanceto| Tweedie |s(distcoast, df=2 NA 3 86.1 1.54
coast
20030905 | Distanceto| Tweedie |s(distcoast, df=2 NA 3 8.6 1.46
coast
200312-04 | Best 1D2D| Tweedie |s(distcoast, df=2 s(x,y, df=7) 10 30.3 1.49
200312-30 | Distanceto| Tweedie | distcoast, df=1 NA 2 450.3 1.55
coast
200402-29 | Best 1D2D| Tweedie | distcoast, df=1| s(x,y, df=6) 8 83.7 1.57
2004-03-26 2D Only Tweedie NA s(x,y, df=8) 9 27.3 1.54
20040510 2D Only Tweedie NA s(x,y, df=9) 10 7.0 1.56
20040909 | Distanceto| Tweedie |s(distcoast, df=2 NA 3 92.9 1.48
coast
200503-08 | Best 1D2D| Tweedie s(depth, df=2) | s(x,y, df=7) 10 30.7 1.54
20050402 | Best1D2D| Tweedie s(depth, df=2) | s(x,y, df=6) 9 29.3 1.50
200505-14 2D Only Tweedie NA s(x,y, df=6) 7 16.3 1.60
200508-17 2D Only Tweedie NA s(x,y, df=8) 9 7.1 1.55
200511-18 Depth Tweedie s(depth, df=2) NA 3 294.5 1.61
200602-02 | Best 1D2D| Tweedie |s(distcoast, df=2] s(x,y, df=6) 9 26.6 1.58
2006:02-25 2D Only Tweedie NA s(x,y, df=7) 8 51.5 1.55
200603-12 | Best1D2D| Tweedie |s(distcoast, df=4 s(x,y, df=10) 15 18.7 151
2006:04-15 2D Only Tweedie NA s(x,y, df=8) 9 28.5 1.54
200605-11 2D Only Tweedie NA s(x,y, df=3) 4 12.8 1.50
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Name Model Distribution Variable 1D  Variable 2D Number of Dispersion Tweedie pa
Parameters parameter rameter
2007-01-25 | Best 1D2D| Tweedie | distcoast, df=1| s(x,y, df=8) 10 33.7 1.55
20070215 | 2D Only | Tweedie NA s(x,y, df=11) 12 33.3 1.54
2007-03-03 | Best1D2D| Tweedie | s(depth, df=2) | s(x,y, df=10) 13 23.9 1.54
2007-04-01 | Best1D2D| Tweedie | s(depth, df=2) | s(x,y, df=7) 10 33.0 1.57
20110301 2D Only Tweedie NA s(x,y, df=5) 6 79.3 1.61
20110326 | 2DOnly | Tweedie NA s(x,y, df=6) 7 108.4 1.61
2011-04-11 Depth Tweedie s(depth, df=2) NA 3 160.2 1.61
20111013 | 2DOnly | Tweedie NA s(x,y, df=5) 6 55.1 1.52
2011-11-17 2D Only Tweedie NA s(x,y, df=7) 8 42.8 1.58
201201-15 | Best1D2D| Tweedie | s(depth, df=2) | s(x,y, df=7) 10 22.6 1.58
2012-02-08 2D Only Tweedie NA s(x,y, df=10) 11 36.1 1.59
20120302 | Best 1D2D| Tweedie |s(distcoast, df=2 s(x,y, df=8) 11 32.0 1.60
201203-22 2D Only Tweedie NA s(x,y, df=9) 10 21.1 1.59
20120411 | 2DOnly | Tweedie NA s(x,y, df=7) 8 28.4 1.57
202311-17 2D Only Tweedie NA s(x,y, df=8) 9 16.7 1.60
202312-27 | Best1D2D| Tweedie | s(depth, df=2) | s(x,y, df=9) 12 13.7 1.56
202401-09 Depth Tweedie s(depth, df=2) NA 3 82.0 1.61
202402-27 | Distanceto| Tweedie |s(distcoast, df=2 NA 3 61.0 1.57
coast
20240408 | Best1D2D| Tweedie | s(depth, df=2) | s(xy, df=7) 10 68.2 1.54
202404-22 | Best1D2D| Tweedie s(depth, df=2) | s(x,y, df=5) 8 25.2 1.61
2024-11-05 |Intercept only Tweedie NA NA 1 194.2 1.59
202412-10 2D Only Tweedie NA s(x,y, df=5) 6 19.1 1.60
202502-15 | Distance to| Tweedie |s(distcoast, df=2 NA 3 79.7 1.54
coast
20250228 | 2D Only | Tweedie NA s(x,y, df=6) 7 31.3 1.54
202503-20 | Best 1D2D| Tweedie s(depth, df=2) | s(x,y, df=8) 11 18.8 1.42
202504-03 | Best 1D2D| Tweedie |s(distcoast, df=2] s(x,y, df=8) 11 11.3 1.50
3.3.2 Abundance Estimates by Survey

The estimated abundances, densities and associated 95 percentile confidence intervals for each survey are
given in Table 3-2, and illustrated in Figure 3-5 for all surveys combined and in Figure 3-6 combined for each
of the phases. It is important to note that the six additional surveys undertaken from November 2024 to

April 2025 (Phase 3) observed low numbers of common scoters compared with recent years.
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Table3-2. Estimated abundance and densitcahmonscoter for each survey. The 95% CI are percehtiked confi-

dence intervals.
Month

200002-17
200002-21
200003-19
2000:04-27
200008-21
2000-10-06
200012-22
2001-02-09
2001-03-20
2001-04-21
2001-08-22
2001-09-26
200201-07
20020312
200204-09
200208-08
200302-13
200303-16
200304-23
200309-05
200312-04
200312-30
200402-29
2004-03-26
200405-10
2004-09-09
200503-08
200504-02
200505-14
200508-17
200511-18
200602-02
2006:02-25
20060312
2006:04-15
20060511
2007-01-25
200702-15

30

Area (Km)
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019

Estimated Count
5997
4078
13398
1377
468
3001
1868
2492
9207
20336
757
2546
18767
10610
8902
354

42
104422
21414
3999
14338
20978
23162
40232
16651
4566
55929
16473
15491
3221
70405
59231
62617
54106
37208
9221
54290
131825

95% CI Count
(2732, 15366)
(1859, 9155)
(6216, 28431)
(511, 3588)
(120, 2286)
(1640, 5605)
(782, 4599)
(1015, 5797)
(4742, 18014)
(11821, 36862)
(185, 4305)
(1748, 3855)
(11778, 32167)
(3768, 29232)
(5395, 14592)
(112, 1155)
(15, 151)
(62052, 183408)
(11890, 39735)
(2257, 7058)
(6339, 36943)
(8974, 46495)
(12387, 44540)
(26247, 64912)
(7529, 41263)
(2646, 8599)
(34885, 91342)
(10076, 28470)
(10258, 23587)
(1717, 6191)
(36492, 133176)
(32642, 114806)
(38427, 109140)
(28944, 106792)
(19024, 78505)
(5453, 16502)
(32613, 94019)
(79561, 239386)

Estimated Density
3.0
2.0
6.6
0.7
0.2
1.5
0.9
1.2
4.6
10.1
0.4
1.3
9.3
5.3
4.4
0.2
0.0
51.7
10.6
2.0
7.1
104
115
19.9
8.2
2.3
27.7
8.2
7.7
1.6
34.9
29.3
31.0
26.8
18.4
4.6
26.9
65.3

95% CI Density
(1.4, 7.6)
(0.9, 4.5)
(3.1,14.2)
(0.3, 1.8)
(0.1, 1.2)
(0.8, 2.8)
(0.4, 2.3)
(0.5, 2.9)
(2.3, 8.9)
(5.9, 18.3)
(0.1, 2.2)
(0.9, 1.9)
(5.8, 15.9)
(1.9, 14.5)
(2.7,7.2)
(0.1, 0.6)

(0, 0.1)
(30.7,90.8)
(5.9, 19.7)

(1.1, 3.5)
(3.1, 18.3)

(4.4, 23)
(6.1, 22.1)
(13, 32.1)
(3.7, 20.4)

(1.3,4.3)
(17.3, 45.2)

(5, 14.1)

(5.1, 11.7)
(0.9,3.1)
(18.1, 66)

(16.2, 56.9)

(19, 54)
(14.3, 52.9)
(9.4, 38.9)

(2.7, 8.2)
(16.2, 46.6)
(39.4, 118.6)



AARHUS
/ N UNIVERSITET

DCE - NATIONALT CENTER FOR MILJ@ OG ENERGI

NIRAS

Month
2007-03-03
2007-04-01
2011-03-01
2011-03-26
2011-04-11
20111013
20111117
201201-15
201202-08
201203-02
201203-22
20120411
202311-17
202312-27
202401-09
202402-27
2024-04-08
202404-22
202411-05
202412-10
202502-15
202502-28
202503-20
202504-03

Project ID: 10417708

Area (Km)
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019

Estimated Count
119043
69057
231729
119000
47650
37576
54665
190533
168321
106113
69827
24812
32672
51479
62009
146243
21536
28798
9661
15017
8915
4507
9848
9762

Document ID : N5SK5STKFDW43-1172207895/512
Prepared by: IKP Verified by : RSN Approved by : SGRA

95% CI Count
(66633, 218244)
(39325, 126461)
(131460, 414315
(70039, 212615)
(25578, 96676)
(22172, 64681)
(28343, 105888)
(123839, 311282
(95322, 312948)
(59398, 197761)
(37677, 141434)
(13066, 49300)
(14596, 77835)
(25831, 125220)
(31044, 114742)
(85396, 255391)
(12411, 38447)
(11558, 70208)

(2935, 35469)

(6535, 34353)

(4490, 18206)

(1576, 14326)

(5151, 19744)

(5740, 18353)

Estimated Density
59.0
34.2
114.8
58.9
23.6
18.6
27.1
94.4
83.4
52.6
34.6
12.3
16.2
25.5
30.7
72.4
10.7
14.3
4.8
7.4
4.4
2.2
4.9
4.8

95% CI Density
(33, 108.1)
(19.5, 62.6)

(65.1, 205.2)
(34.7, 105.3)
(12.7, 47.9)
(11, 32)
(14, 52.4)
(61.3, 154.2)
(47.2, 155)
(29.4, 97.9)
(18.7, 70)
(6.5, 24.4)
(7.2, 38.5)
(12.8, 62)
(15.4, 56.8)
(42.3, 126.5)
(6.1, 19)
(5.7, 34.8)
(1.5, 17.6)
(3.2,17)
(2.2,9)
(0.8,7.1)
(2.6, 9.8)
(2.8,9.1)
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Figure 3-5. The estimated count admmonscoter for each survey. The 95% CI are percehtiged confidence intel
vals from a parametric bootstrap with 500 replicates. Asittadysisareahasthe samextension between surveys

the estimatedabundances are comparable.
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Figure 3-6. The estimated count cdmmonscoter for each survey Ipha®. The 95% CI arpercentilebased confi-
dence intervals were derived from a paraméioiatstrap with 500 replicates. To show more detail thgiy is differ-
ent for eaclpha®.

3.3.3 Density Distributions

Figure 3-7 to Figure 3-10show the estimated counts of common scoter in each 500m x 500m grid cells for each
survey in each of the four phases. Generally, the estimated abundances fitted well to the raw data and there
were no notable misalignments. In areas where the estimated counts were systematically higher, the abun-
dances were also relatively high and there were no areas with large, estimated abundances unsupported by
the data.
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Scoter: Phase 0
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Figure 3-7. Mapsshowing the estimatesbmmonscoter abundance across the study site for each of the surveys
Phase 0. The estimated counts are pemb®&500m grid cell.The open circles show the distance corrected cour
The coloured graphics represent the predicted counts in each location.

Project ID: 10417708
Document ID : NSK5STKFDW43-1172207895/512

Prepared by: IKP Verified by : RSN Approved by : SGRA a3 118



Scoter: Phase 1
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Figure 3-8. Mapsshowing the estimatesbmmonscoter abundance across the study site for each of the surveys
Phase 1. The estimated counts are pemb®&0500m grid cell.The open circles show the distance corrected cour
The coloured graphics represent the predicted counts in each location.

Scoter: Phase 2
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Figure 3-9. Mapsshowing the estimatesbmmonscoter abundance across the study site for each of the surveys
Phase 2. The estimated counts are pemb®&500m grid cell. The open circles show the distance corrected cour
The coloured graphics represent the predicted counts in each location.
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Scoter: Phase 3
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Figure 3-10. Mapsshowing the estimatesbmmonscoter abundance across the study site for each of the survey
Phase 3. The estimated counts are pemrB&500m grid cell. The open circles show the distance corrected cour
The coloured graphics represent the predicted counts in each location.
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and it is known that the CoV metric is highly sensitive to any uncertainty for very small predictions. There
was no material overlap between high values of the CoV metric and the transect lines/locations with non -zero
counts. Therefore, results can beconsidered to be valid i.e. they do not compromise the model (Figure 3-11).
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Figure3-11. Mapsshowing the coefficient of variation across the study region for each of the sanemyamon
scoter The open circles show the distance corrected counts. The presence of dark red CV scores in areas w
ally zero predictions are an artifact of the very small prediction rather than of any notable concern.

In the case, when the very small predicted values were excluded (Figure 3-12) there were some small red areas
indicating high uncertainty but predominantly, these were in areas of very low predicted abundance.
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Figure 3-12. Mapsshowing the coefficient of variation across the sarafor each of the survef@r common sco-
ter after the removal of vegmall, predictedalues The open circles show the distance corrected counts
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3.4 Commonscoter Spatial results by Phase
3.4.1 Phasespecific spatial patterns

The mean common scoter distribution map in Phase 0 (Figure 3-13) illustrates the lack of that speciesin the
majority of the study area, with the highest density of birds to the south east of the area. The distribution for
Phase | shows more birds in theareaand concentrations around the HR | and HR Il footprints . However, the
majority of bird sightings in Phase 0 were to the east and so the change is not necessarily an indication of an
increase in overall abundance of the species The expansion in the distribution of the species from the coast
into the offshore area to the west can be seen in more detail inFigure 3-14 which shows the distribution in the
early years of Phase | and the latter years. Whilst there is some movement offshore pre November 205, the
main increase occurs after this (Phase 1*).

By Phase 2, common scoter were showing a more widespread distributional pattern with the highest concen-
trations to the south of the HR | footprint. During Phase 3, common scoter abundance was more concentrated
in the centre of the survey area, covering the HR |l footprint to some extent but with the greater concentration
to the east of this footprint. Phase 3 also demonstrates a nortrivial concentration in the footprint of the HR
lll, even after its relatively recent construction.

Phase 3 showed a marked reduction of densities across the model area, with the highest abundances estimated
in the area east of HRII, the central part of the model area. The densities previously found southeast of HRI
and in the northwestern parts under Phase 2,declined. This decline was mainly caused by a pronounced re-
duction in common scoters in the survey area during the winter of 2024/2025 ( Figure 3-2, Figure 3-5, Figure
3-10).
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Figure 3-13. Distribution mapsshowing the estimated common scoter abundance across the study site for each
surveys from Phase 0 to Phase 3. The estimated counts are per 500 m x 500 m ghe opln circles show the dis-
tance corrected counfBhe coloured graphics represent the predicted counts in each location.
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Figure 3-14. Distribution mapsshowing the estimated common scoter abundance across the study site within Phase 1
for OEarlydé surveys (pre November 2005), oLated survey
counts are per 500 m x 500 m grid cell. The coloured graphpresent the predicted counts in each location

342 OverallPersisence

As well as looking at the mean distribution of birds in each phase, which may be influenced by a few surveys
with large numbers of birds, we can assess the persistence of birds in each grid cell overall and byphase. The
persistence analysis describes, at a fine geographical scale, areas of higher or lower usage by the species, eval-
uated over many surveys.

Across the 62 surveys (spanning 25 years) there is moderate to low persistence across the predicted areaKig-
ure 3-15). The highest persistence (~ 50%) occurs in the central and soutkeastern parts of the study area along
the extent of the Horns Rev sandbar.
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Figure3-15. Persistence scorfes common scotexcross thé2 surveys. The polygons represent the windfarms
Horns Rev |, Il and Il (black line).
Figure 3-16to Figure 3-19 show the persistence of birds within each phase.
In Phase 0, prior to any construction, the birds show persistently high numbers to the east of the study area
(Figure 3-16). After the construction of HR | (Phase 1), the birds became more prevalent offshore and more

central in the study area, just to the northwest of the HR | footprint and into the area where HR Il would be
constructed (which occurred after that time) .

40



,
/ e ﬁﬁm%mr N I R“S

DCE - NATIONALT CENTER FOR MILJ@ OG ENERGI

Scoter, Phase 0

55.8°N+

55.7°N 1

Persistence

55.6°N 1 | 1.00
075
0.50
55.5°N - 0.25
0.00

55.4°N A

55.3°N

7.0°E 7.2°E 7.4°E 7.6°E 7.8°E 8.0°E 8.2°E 8.4°E

Figure 3-16. Persistence scorfes common scotexcross the 15 surveys in Phase 0. The polygons represent the
windfarms Horns Rev |, Il and Il (black ling)

The distribution of common scoters in Phase 1 is also more widespread compared with Phase 0 which has a
more focused distribution, nearer to shore (Figure 3-17).
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Scoter, Phase 1
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Figure3-17. Persistence scorfess common scotexcross the 25 surveys in Phase 1. The polygons represent the
windfarms Horns Rev |, Il and Il (black line).

Phase 2 is 25 years postconstruction of HR Il and 9 -10 years postconstruction of HR I. In this phase, the birds
are persistently found to the south of HR | and on the eastern edge and north of HR Il, and notably into the
area where HR IIl was yet to be constructed (Figure 3-18).

The most recent surveys, in Phase 3, were carried out 57 years post-construction of HR Ill, 11 -13 years post
construction of HR 1l and 21-23 years post-construction of HR |. During the Phase 3 surveys, the birds were
persistently found in and around the HR 1l footprint. Additionally, while the persistence is relatively concen-
trated in and around HR 11, some persistence was still seen to the saith of HR | and in the southern part of HR
Il (Figure 3-19).
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Figure 3-18. Persistence scorfess common scotexcross the 10 surveys in Phase 2. The polygons represent the
windfarms Horns Rev |, Il and Il (black line).
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Figure3-19. Persistence scorfess common scotexcross thd2 surveys in Phase 3. The polygons represent the
windfarms Horns Rev |, Il and Il (black ling)
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3.4.3 Phasespecific windfarm footprint densities

The coincidence of the expansion west in the distribution of common scoter and the lack of birds seen in the
HR | footprint does not lend it to a finer scale investigation of displacement. The data from the HR 1l wind
farm is, on the other hand, ideal for making such a comparison, with sufficient pre - and post-construction data
available to establish notable changes in density. The change in survey coverage across the span of years and
the expansion of common scoters to the west during Phase 1 do however hae the potential to lead to mis-
leading results. Figure 3-20 shows that while early surveys captured the footprint of HR I, they provided
limited coverage of HR Ill and the west of the study area at that time. Including all surveys in Phase 1 conflates
the longer-term change across the fiveyear period, with any c onstruction related changes we are aiming to
detect. This leads to a dilution effect on the density surface, particularly around HR Il, when including the
early surveys in Phase 1. As there has been a clear distributional shift alongside a change in surveycoverage,
we have chosen to assess the data using only November 2005 data onwards (Phase 1*), in line with the analysis
in the 2014 report (Petersen et al. 2014).
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Figure3-20.Mapss howi ng t he survey coverage within Phase
OLated surveys (post tiedareashdwveahe prediectdrbgrid coverage. gr ey do

Closer inspection of the estimated density of common scoters within and around the windfarm footprints at
various spatial scales was carried out to better understand any windfarm related changes (Figure 3-21 and
Table 3-3). If there were no changes in common scoter density across the 20 years in this figure, either inside
the footprint or up to 1 km or 2 km from the footprint then we would expect to see horizontal lines for all four
colours in Figure 3-21. However, the likelihood of changes in bird density across this time frame is incredibly
high, regardless of windfarm construction, and so any changes must be examined from several perspectives.

In the study area, there has been a general increase ikommon scoter density from Phase 1 to 2 followed by a
decrease in Phase 3 (indicated by the black lines irFigure 3-21), providing a backdrop of variable abundances
during the 20 years across the survey area.

Inside the footprint of each of the three windfarms (HR I, HR Il and HR 1lI) we see different patterns as each
windfarm is constructed. Post -construction of HR | (Phase 1) we see an initial large mean decrease in common
scoter density with each phase. It is difficult to associate this change with the wind farm construction owing

to the co-incident expansion of the geographic range of common scoter. By Phase 3, the mean density is similar
to that of the study area as a whole.

In the case of HR Il, there was a sharp decline in density (~50%:Table 3-3) inside the footprint after its con-
struction (compared to prior -construction) with a further decrease of ~ 65% in Phase 3 (after HR Ill was con-
structed). Overall, from Phase 1-3 there was ~ 80% decrease in density in the HR 1l footprint.

Regarding HR lll, densities increased from Phases 1 to 2, reflecting the pattern of increasing density in the
study area as a whole. From Phase 2 to 3 (preto post-construction of HR 1ll) there was a sharp decline in
footprint densities, in keeping with the study wide decline.
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There were very similar patterns within one and two kilometers of each windfarm footprint to those observed

inside the footprint in each case.
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Table3-3. Table ofommon scotabundance estimates and 95 percetttdieed confidence intervals for each wind farm

footprint and phasél* to 3)

Phase I
1* 3130 (2570, 4300)
2 1210 (950, 1690)
3 424 (305, 744)

3.4.4 Phasespecific spatial differences

Having looked at general trends in density across the three footprints and three phases we can also assess
changing spatial patterns using spatial difference plots. The shift in spatial patterns from Phase 0 to Phase 1
can be seen inFigure 3-22, which clearly illustrates a shift in common scoter numbers from the southeastern
edge of the area of interest into the centre in Phase 1 and towards the HR Il footprint before its construction.
The increase in bird numbers in Phase 1, compared to Phase 0, is also evident here with significant increases
in most locations in Phase 1 compared with Phase 0, and some higher than 20 birds/km in many locations.
While there is an abundance shift into the centre of the study area in Phase 1 (compared with Phase 0)there

is also an increase on the eastern edge of the survey area in Phase 1, evidencing higher numbers than in Phase
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0. There is a small, yet statistically significant, decrease in the southeastern edge of the survey area too, in
Phase 1 compared with Phase 0.

Scoter, Phase 1 - Phase 0
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Figure3-22. Map showing the estimated differencestia common scotelistribution between Phase 1 and Phe
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Figure 3-23 shows a significant decline over the HR Il footprint between Phase 1* and 2which is centered just
to the western edge. Significant increases occur in the northwest and a concentration of common scoter num-
bers into the area south of the HR | footprint. The diminution in the previously relative abundant eastern edge
of the survey area, is also signalled by the significant and relatively substantial decreases in this area

Scoter, Phase 2 - Phase 1 (2005-11-18 onward)
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Figure3-23. Map showing the estimated differences in the common scoter distribution between Phase 2 and Phase 1*.
Positive differences indicate more birds in Phase 2.
positive di f freddishrbackgroand cblowas a&igndicant negative difference.
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The differences in common scoter density between Phases 2 and 3 show an overall decline in density across
the majority of the study area (Figure 3-24). The main declinestook place in the previously high -density area
to the south of the HR | footprint and stretching north and west from there. There are some areas of signifi-
cant increases in density, however the values are very small compared to the declines.This is different to the
result of the data analysis for the 2023/2024 surveysand driven by the fact that all six of the 2024/2025 sur-
veys observed very few common scoters.
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Figure3-24. Map showing the estimated differences in the common scoter distribution between Phase 3 and Phase 2.
Positive differences indicate more birds in Phase 3. A
positive di f fhustebadkgrouradtalouraa sigrafidantinegative difference.

In Phase 3, compared with Phase 1*common scoter show evidence of shifting away from the HR | and HR
Il footprints ( Figure 3-25). The HR 1l area also showed significant declines in the southwestern parts of the
wind farm and no detectable changes in the eastern and northern parts. The significant and notable de-
creases are in the areasvithin and surrounding these footprints, whereas the significant increases in density
are lower in value and less concentrated across much of the rest of the study area.
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Scoter, Phase 3 - Phase 1 (2005-11-18 onward)
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Figure 3-25. Map showing the estimated differenée@she common scotelistribution betweerPhase8 andPhase
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In general, these difference maps show that the area in and around HR | supported few common scoters pre-
construction and showed decreases in densities from Phase 1* to 2 and from Phase 1* to 3, whileelatively
stable densities between Phase 2 and 31t is hard to know if the birds showed low levels of displacement
response to this wind farm and have always been present at low density in the area, or if the construction has
kept numbers low within and around HR |. The common scoter densities around H R Il increased prior to
construction (from Phase 0 to 1), reflecting the expansion of their distribution westward at this time, particu-
larly increasing on and to the west of HR 1l. A marked decrease in common scoter densities within and around
the HR Il wind farm was seen between Phase 1* and 2, which was also observed between Phase 1* and 3.
Between Phase 2 and 3 the decreasia densities was less pronounced.

From these results, it is possible to speculate that there was slightly less of an effect of the installation of HR
[l on bird density as compared to HR 1 and HR Il. This less pronounced impact may be attributed to the wider
spacing of the turbines in the footprint for this farm. To confirm these observations, additional data on com-
mon scoter responses from other offshore windfarms with different/larger spacings in different locations is
needed for analysis.

3.5 Commonscoter Horns Rev Il (HR 1) specific results

In addition to the above difference plots, we can look in more detail at the HR 1l footprint. Table 3-4 shows
that 91% of the cells in the HR Il are estimated to have significantly decreased density postconstruction
(Phases 1* to 2) and 100%f the cells in the HR Il are estimated to have significantly decreased over thePhases
2-3 and 1*3. No cells in the footprint were estimated to have increased in any of the Phases1*, 2, or 3
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Table3-4. Table showing the percentage of cells in the Horns Rev Il wind farm footprint that estimate an increase or a
decrease in abundance and also the percentage of cellethatsignificant increase or decrease (calculated from the
bootstrap predictiond)etweerphags The * for Phase 1 indicates the shortened Phase 1.

Horns Rev I Precon.to 2-3yrs postcon. to Precon. to
2-3 yrs postcon. 11-12 yrs posicon. 11-12 yrs post con.
(Phase 1%2) (Phase 23) Phase (1%3)
%of cells in footprint increasing 0 0 0
%of those ells significantly increasing 0 0 0
%of cells in footprint decreasing 100 100 100
%of those ells significantly decreasing 91 100 100

3.5.1 HR Il related changes acrogbhases in all directions

We can also assess how the density changes betweemphases varied with distance from the footprint. To do

this we collapse the spatial patterns down into one dimension using concentric rings of increasing distance
from the footprint. Figure 3-26illustrates a displacement effect (reduction in density) post -construction (Phase
26 1*) within approximately 3 km from the footprint (where the change rises to zero (indicating no difference)).

Comparing Phase 3 to Phase 1 however, we see compelling evidence for a displacement effect in the HR 1
footprint to approximately 6 km, after HR Il and Ill are both constructed. This comment considers both the
proximity of the difference in density estimates at each distance from the HR 1l footprint and the associated
uncertainty of each estimate (indicated by the grey envelope in Figure 3-26).

The Phase 32 comparison shows adecline in density within a distance of more than 15 km. The largest de-
creases in density can be found within approximately 5 km of the footprint of HR Il and the changes plateauing
after that. This is in line with the overall decrease in abundance site-wide during Phase 3.
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Figure 3-26. Graphsshowing the change in the estimated meammon scotetensity difference betwehases 2

1*, 3-1* and 32, with increasing distance to the HR Il footprint
3.5.2 HR 1l related changes across phases, direction specific

The results of the analyses presented in Figure 3.26 amalgamates all distance related displacement effects in
all directions out from the HR 1l footprint however, differing environments and the construction of the other
OWEF within the Horns Rev area may al so affect the displacements. For example, it is possible that significant
decreases in density to the west of HR Il may be cancelled out or masked by increases in density to the east
and make displacement distances appear to be less significant than they night otherwise be. For this reason,
we also narrow the directional scope to concentrate on assessing displacement effects in three specific orien-
tations, Figure 3-27. The three sectors chosen are West (W), which is generally the offshore side of HR 1l, South
East (SE) which is more the onshore side including the area towards HR | and North-East (NE) which contains
HR 111, the first turbine of which is approximately 3 km from the edge of HR II.
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Figure3-27. Map of the sectors used for the displacement analysis with 1 km buffers from the footprint of HR Il, up to
15km.

Figure 3-28 shows that NE of the HR Il footprint, post construction of HR Il, we see displacement of common
scoter evident to 1 km of the footprint and an increase in density 3 - 15 km away in the area of the yet to be
constructed HR Ill. The patterns are very similar in the SE sector, with displacement here also evident to 1 km
of the footprint and an increase in density 3.5-11 km away. The western sector shows a stronger set of effects.
Post construction shows a displacement effect to approximately 4.5 km and a longer-term displacement effect
of up to 8 km.

Over the longer time span (pre to post construction of HR Il and Ill; Phase 3-1*), there is evidence of a larger
decreasewithin 6 km from the HR Il footprint in the NE sector and 4 km away in the SE sector. The western
sector shows the largest longerterm displacement effect of 8 km.

For Phase 32, despite the construction of HR Ill in the NE sector, all sectors show the general trend of decreas-
ing density, regardless of distance from the footprint.
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Figure 3-28. Graphs showing the differences in common scoter densities with distance to footprint by phase change and
by sector. Any differences in underlying mean densities related to the HR 1l footprint would be indicated by a change
near to the footprint with a day thereafter.

3.6 Diverc¢ Observations

Data from aerial surveys undertaken during the last two annual aerial survey campaigns showed that red -
throated divers/black -throated divers were observed within the study area during all surveys conducted in
the seasons 2023/2024 kigure 3-29) and 2024/2025 (Figure 3-30). The majority of the birds were observed in
the northern, western and southern parts of Horns Rev. The spatial distribution of observations was similar
between the two seasons. During the six surveys conducted in 2023/2024 in total 366 birds were observed,
while the corresponding number for the six surveys conducted in the 2024/2025 season was 519 birds Table
8-3). For comparison, aerial survey coverage and diver distributions from the earlier surveys are provided in
Appendix 8.1 (Figure 8-11-Figure 8-20and Table 8-1).
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Figure 3-29. The number of diver species observed and their distribution within the survey area for six aerial surveys

conducted in the winter season of 2023/2024.
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Figure 3-30. The number of diver species observed and their distribution within the survey area for six aerial surveys
conducted in the winter season of 2024/2025.

3.7 DiverDistance Analysis

The average probability of sighting diver species was estimated to be 0.21 (CoV=0.02). This probability was
estimated using a hazard rate detection function and observer and behaviour as covariates (Figure 3-31 and
Figure 3-32). The results show, as might be expected, a higher detection probability of flying compared with
sitting birds.
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Figure 3-31. Graphsshowing the estimated detection function. The histograms represent the distances of the
served sightings across behaviour tyg#ting (S) andflying (F).
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Figure 3-32. Graphsshowing the estimated detection function. The histograms represent the distances of the
served sightings acrogifferentobservers.

3.8 DiverSpatial Results by Survey
Figure 3-33 shows the distribution of the distance corrected counts for each of the 62 surveys.
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Figure 3-33. Distancecorrected counts for thdiver species across tB2surveys. The red circles indicate the dis-
tancecorrected counts along the transect lines. The pale grey dots are segments with a count of zero.

3.8.1 Model Selection

For sevenof the 62 surveys, there were insufficient data to fit any model and further 12 models were selected
as intercept only. This means a uniform distribution was estimated across the study area. However, for 40 of
the 62 surveys, the models selected included a spatial term (of varying complexity) while the depth covariate
was selectedas a linear term for five of the surveys and non-linear for two surveys. In four of the linear term
models, the spatial term was also included. The distance to coast coariate was selected as a nodinear term
in five models, all of which also included a spatial term. The spatial surfaces selected ranged fromtwo to ten
parameters for the spatial term (Table 3-5). The estimated abundances and associated 95 percentile confidence
intervals for each survey are given in Table 3-6 and Figure 3-34.
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