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Summary

In the programme ‘Programma Noordzee 2022-2027’, new areas at sea will be appointed as
development areas for wind energy. An assessment was made of the effect of habitat loss due to the
potential new offshore wind farms on seabirds, the diver spec., the northern fulmar, the great
cormorant, the common eider, the common scoter, the common guillemot, the razorbill and the
Atlantic puffin. For the great cormorant, the common eider and the common scoter, the effects of
habitat loss were assessed based on estimated numbers of casualties. For the other species,
population models were used to assess the effect of habitat loss on the population level. For the
northern gannet and the sandwich tern, both the effects of habitat loss as well as the effects of
collision mortality were tested together in the population models. Here, the method and calculation of
the numbers of casualties due to habitat loss are described. The estimation of the numbers of
casualties due to collision mortality were described by Potiek et al. (2021a). The population effects of
offshore wind farms on seabirds were considered within six different scenarios:

- No offshore wind farms

- All offshore wind farms planned up to 2030

- ‘Rekenvariant I’ (+10.7 GW)

- ‘Rekenvariant II' (+12.7 GW)

- ‘Rekenvariant III' (+16.7 GW)

- International wind farms and Rekenvariant III

The assessment of the effect of offshore wind farms on the ten seabird species considered here
consisted of the following steps:

1. Data preparation of seabird observations at sea.

2. Calculation of density and dot maps for the seabird species, the choice of map type depends
on the data availability.

3. Calculation of the number of casualties due to habitat loss based on the overlap between the
bird maps and the wind farm development areas.

4. Development of two new population models and an update of the life history parameters of
the other five population models

5. Calculation of annual mortality probabilities due to habitat loss for all species.

6. Test of the population level effects of annual mortality due to habitat loss and collision
mortality for the northern gannet and the sandwich tern and habitat loss only for the other
species. Population level effects were tested against the Acceptable Level of Impact (ALI)
thresholds (Potiek et al. 2021a) of which values were defined in a working document by LNV.

For the great cormorant, the common eider and the common scoter, the effects of habitat loss of the
new national wind farm areas seem negligible as the number of casualties does not increase for the
scenarios with new OWF areas compared to the scenario with the OWFs that are already planned. The
estimated total annual numbers of casualties for the great cormorant, the common eider and the
common scoter were respectively 3.3, 4.3 and 7.1 for the national scenarios (Table 12). Most habitat
loss casualties in the national scenarios were predicted for the common guillemot (annual totals of
588.4-1418.6) and the razorbill (annual totals of 165-371.9), followed by the northern fulmar (annual
totals of 11.6-33.1). For the seven species for which population models were used, no ALI thresholds
were violated due to habitat loss casualties. The population dynamics of the razorbills and common
guillemots were predicted to be most negatively affected by habitat loss.
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1 Introduction

Offshore wind farms (OWF) form an important part of the Dutch strategy to comply with the
agreements on reducing COz emissions, such as defined in the Paris Agreement. In the programme
‘Programma Noordzee 2022-2027’, new areas at sea will be appointed as development areas for wind
energy (about 27 GW). These areas will be used for the purpose of the government plan ‘routekaart
2040'. There is a need for the assessment of the cumulative ecological effects on seabirds of the
development of wind energy in these areas following the framework ‘Kader Ecologie en Cumulatie’
(KEC), such as previously described by Leopold et al. (KEC 2.0, 2014) and Van der Wal et al. (KEC
3.0, 2018). Within KEC, the cumulative effects of wind farms are assessed on species with a protected
status in nature legislation. The assessment entails existing as well as suggested future wind farms.

The main adverse effects of offshore wind farms on seabirds are thought to stem from mortality due
to collisions with turbines and displacement from wind farm areas, which may lead to a loss of
foraging habitat or barriers to both daily and seasonal movements of birds (Drewitt & Langston, 2006;
Masden et al., 2010). Here, the focus lies on potential adverse effects of wind farms on seabirds in
relation to displacement and habitat loss. Another part of KEC 4.0 focuses on the effects of collision
mortality. The potential adverse effects of wind farms as barriers to movement are not under
consideration within KEC. The species that are assessed for the effects of collision mortality and
displacement were chosen based on previous studies of avoidance behaviour and flight altitudes of
seabirds (e.g. Dierschke et al., 2016) and expert elicitation regarding the potential locations of the
future wind farms. Species that show high avoidance are thought to be more sensitive to displacement
and habitat loss, while the species that show low avoidance and typically fly at altitudes within the
rotor areas of the turbines are thought to be more sensitive to collision mortality. In the current
assessment, the sandwich tern and the northern gannet are assessed for potential adverse effects of
both factors.

In the previous assessments the cumulative population-level effects were tested against species-
specific Potential Biological Removal (PBR) reference points. The PBR approach was criticized because
it implies a fixed level of density dependence in the populations that leads to compensation of
mortality which may not actually occur (O’Brien et al., 2017). Thresholds based on actual population
models that explicitly consider the population dynamics of species are considered more reliable (Potiek
et al., 2019). Therefore, thresholds were developed, in the form of Acceptable Levels of Impacts
(ALIs) that are based on Leslie Matrix population models (Potiek et al., 2021). The current KEC
assessment will test the population-level effects of offshore wind farms on seabirds against the
species-specific ALI values defined by LNV in a working document. All other steps in the assessment
follow the methodology previously described by Leopold et al. (KEC 2.0, 2014) and Van der Wal et al.
(KEC 3.0, 2018).

Werkversie

6 Of 79 | Wageningen Marine Research report C070/21


graaflan
werkversie 2


2 Study outline

The study focuses on the assessment of the effects of habitat loss on ten seabird species (Table 1).
This memo describes four parts of the study:

a. The dot and density maps for the seabirds that are assessed for the effects of habitat
loss and, in addition, collision mortality;

b. The population models for seven of the ten specie, of which two were newly
developed;

c. The estimated numbers of casualties of habitat loss per offshore wind farm;

d. The estimated population level effects of habitat loss for five of the ten species. The
estimated population level effects of habitat loss and collision mortality for two
species, the sandwich tern and the northern gannet.

Each step is described in more detail in the following paragraphs.

2.1.1 Bird dot and density maps

Data from the ESAS and MWTL databases were used to create bird dot and density maps for the
species under assessment for habitat loss (Table 1) and collision mortality (Table 2). The density maps
were created based on the methodology previously described by Leopold et al. (2014) and Van der
Wal et al. (2018). Dot maps were created for all species for which the available data were insufficient
for full coverage density maps. Note that the northern gannet and sandwich tern were included in both
tables as they were assessed for the effects of both habitat loss and collision mortality.

Table 1. Data of the seabird species that are under evaluation for habitat loss, including EUring,
names and type of density map (*, dot map,; 0, basic density map, 1, density map with medium
spreading of data over an area of 5x5 grid cells, or 625 km?; 2, density map with medium spreading
of data over an area of 11x11 grid cells, or 3025 km?).

59 Gavia sp. Duiker spec. Diver sp. 0 (Van Kooten et al.,
2019)

220 Fulmarus glacialis Noordse stormvogel Northern fulmar 1 This study

710 Morus bassanus Jan-van-gent Northern gannet 1 (Van Kooten et al.,
2019)

720 Phalacrocorax carbo Aalscholver Great cormorant 0 -

2060 Somateria mollissima Eider Common eider 0 -

2130 Melanitta nigra Zwarte Zeeéend Common scoter 0 -

6110 Thalasseus sandvicensis Grote stern Sandwich tern 0 (Van Kooten et al.,
2019)

6340 Uria aalge Zeekoet Common guillemot 0 (Van Kooten et al.,
2019)

6360 Alca torda Alk Razorbill 0 (Van Kooten et al.,
2019)

6540 Fratercula arctica Papegaaiduiker Atlantic puffin 0 This study

Werkversie
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Table 2. Data of the seabird species that are under evaluation for collision mortality, including EUring,

names and type of density map (*, dot map; 0, basic density map, 1, density map with medium

spreading of data over an area of 5x5 grid cells, or 625 km?; 2, density map with medium spreading
of data over an area of 11x11 grid cells, or 3025 km?).

710 Morus bassanus Jan-van-gent Northern gannet 1
800 Phalacrocorax aristotelis Kuifaalscholver European shag *
1530 Cygnus columbianus Kleine zwaan Tundra swan *
1680 Branta bernicla Rotgans Brent goose *
1730 Tadorna tadorna Bergeend Shelduck *
4960 Calidris canutus Kanoet Red knot *
5320 Limosa limosa Grutto Black-tailed godwit *
5340 Limosa lapponica Rosse grutto Bar-tailed godwit *
5410 Numenius arquata Wulp Eurasian curlew *
6270 Chlidonias niger Zwarte stern Black tern *
15820 Sturnus vulgaris Spreeuw Common starling 0*
5670 Stercorarius parasiticus Kleine Jager Arctic skua 0
5690 Stercorarius skua Grote jager Great skua 0
5780 Hydrocoloeus minutus Dwergmeeuw Little gull 0
6110 Thalasseus sandvicensis Grote stern Sandwich tern 0
6169 Sterna paradisaea+hirundo 'Noordse dief' 'Commic tern' 0
6020 Rissa tridactyla Drieteenmeeuw Kittiwake 1
5910 Larus fuscus Kleine Mantelmeeuw Lesser Black-backed gull 2
5920 Larus argentatus Zilvermeeuw European herring gull 2
6000 Larus marinus Grote Mantelmeeuw Greater Black-backed gull 2

0* for 15820, Sturnus vulgaris, both a dot map and a density map were made.

2.1.2 Population models

For two out of the ten species, the northern fulmar and the Atlantic puffin, which were assessed for
the effect of habitat loss, population models were developed (Table 1). These models have the same
structure as the population models previously described by Van Kooten et al. (2019). For five of the
ten species that were assessed, population models were taken from the study described by Van
Kooten et al. (2019). These five models were updated with the most recently published values for
breeding success and survival. Because the remaining three species, the great cormorant, common
eider and common scoter, are more restricted to the coast, no population models were developed;
little overlap is to be expected between these species’ distributions and the Dutch (plans for) offshore
wind farms.

2.1.3 Habitat loss mortality per scenario

For all ten species, casualties of habitat loss for seabirds were calculated per bimonthly period and
OWF area, based on the same assumptions and calculations as the previous assessments described by
Van der Wal et al. (KEC 3.0, 2018) and Leopold et al. (KEC 2.0, 2014). Annual mortalities per scenario
(Table 3 and Figure 4) were calculated based on the casualties and estimated population sizes (from
the density maps) for the seven species for which population models were available.

This study covers four different scenarios for the Dutch EEZ: a basic or base scenario, including
operational, under construction, pre-construction and/or authorised OWF for a state of affairs and
three other scenarios representing different ambitions that can be aimed for ca. 2030. These scenarios
were delivered to WMR by the client (RWS).
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Table 3. Scenario names and wind farms included per scenario

Null No wind farms

basic 2030 existing and permitted wind farms up to 2030 (10.8 GW)
‘Rekenvariant III" basic + 16.7 GW

‘Rekenvariant II’ basic + 12.7 GW

‘Rekenvariant I basic + 10.7 GW

International existing and expected international farms up to 2030, national

Rekenvariant I1II scenario included

2.1.4 Population-level effects

The population-level effects of habitat loss were assessed with species specific population models for
five species (Table 1). For two species, the sandwich tern and the northern gannet, the population-
level effects of both habitat loss and collision mortality were assessed with population models. The
collision mortalities that were used for the northern gannet and the sandwich tern were calculated by
Potiek et al. (2021b). Using the models, the population growth rates without OWF were compared to
the population growth rates with the additional mortality due to OWF. The changes in population
growth rates for all seven species were then tested against Acceptable Levels of Impact (ALIs) (Potiek
et al., 2021) for which values were defined in a LNV working document. We report whether the
estimated additional mortality due to OWFs leads to an exceedance of the ALIs for any of the species.
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3 Materials and Methods

In short, the methodology to assess the effects of habitat loss on the ten seabird species consists of
the following steps:

a. The selection and pre-processing of the data from the in ternational European
Seabirds At Sea (ESAS, version 6.1) and Dutch MWTL (Monitoring Waterstaatkundige
Toestand des Lands) databases for both the species that are under assessment for
collision mortality (Table 2) as well as the species that are under assessment for
habitat loss (Table 1).

b. The spatial conversion of the data from the previous step and the creation of dot
maps and density maps for both the species that are under assessment for collision
mortality (Table 2) as well as the species that are under assessment for habitat loss
(Table 1).

c. The development of two new population models and update of the parameter values
of five population models

d. The calculation of habitat loss casualties per species, bimonthly period, wind farm
area and data subset (national/international)

The calculation of annual habitat loss mortality per species and scenario

f. The assessment of the population level effects of the additional mortalities due to

habitat loss and testing against the Acceptable Levels of Impact (ALIs).

3.1 Data preparation

The selection and pre-processing of data was done in preparation of the creation of dot maps and
density maps for both the species that are under assessment for collision mortality (Table 2) as well
as for the species that are under assessment for habitat loss (Table 1).

3.1.1 Data sources

Two sources of data on seabird counts at sea were used; the European Seabirds At Sea (ESAS)
database (version 6.1) that includes mostly ship-based counts of seabirds of the greater North Sea
which was recently screened and updated by the Brussels ‘Instituut voor Natuur- en Bosonderzoek’
(INBO) and the ‘Monitoring Waterstaatkundige Toestand des Lands’ (MWTL) database that holds aerial
surveys covering the Dutch section of the North Sea, provided by Bureau Waardenburg. More in-depth
information on seabird counts can be found in previous studies (Camphuysen et al., 2004; Van
Roomen et al., 2013; Fijn et al., 2020).

3.1.2 Data selection

Counts from 1991 onwards were selected with valid geographical position (latitude and longitude) and
a non-zero sampled surface area, until the most recent data available (7-July-2020 for MWTL, 20-
December-2019 for ESAS). Each count was assigned a "period" (bimonthly periods, Table 4) based on
the month of survey, which was later used to merge data (Baptist & Wolf, 1993). An overview of the
spatial effort per data source per bimonthly period can be found in Figure 1. Spatially, counts were
selected that fall within the area of "Southern North Sea" & "Central North Sea" (Figure 2).
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Table 4. Bimonthly periods used for the bird maps.

Period Months

August + September
October + November
December + January
February + March
April + May

June + July

AW N =

Aug-Sep | Oct-Nov Dec-Jan

origin ESAS ® MWTL

Figure 1. Counting effort of the two data sources used in this study (ESAS in yellow and MWTL in
black) per bimonthly period. The background of this map is created with the ggmap package (Kahle &
Wickham, 2013).

In-line with the previous KEC-assessments, a number of (sub)species and observations were merged
in the dataset because these were often not identified at species level (Table 5). For instance, red-
throated divers and black-throated divers have been merged into “Diver sp.”. Other observations were
split into the species that are covered by the overarching term (Table 5). For example, the common
guillemot/razorbill is the combined observation of common guillemots and razorbills. Counts were split
based on the known bird community composition per bimonthly period and position. A grid of 50 by 50
km was used and all observations from 1991 onwards of relevant species were summed per grid cell
per bimonthly period to calculate proportions of occurrence.

Counts were conducted in strips; a predetermined area with a certain length, width and hence,
surface. Birds that were counted outside this strip, either flying or on the water, were not selected for
further analysis. During ship-based counts (ESAS) the snapshot method was used for flying birds
(Tasker et al., 1984).
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Table 5. Overview of overarching EUring codes and in which species counts are split or joined

6169 Common tern/Arctic tern Common tern, Arctic tern
(‘commic tern’)
59 Diver sp. Red-throated diver, black-
throated diver
5910 Larus fuscus, Larus Lesser black-backed gull
fuscus fuscus, Larus
fuscus graellsii
5920 Larus argentatus, Larus European herring gull
argentatus argentatus
6345 Common Common guillemot, razorbill
guillemot/razorbill
6549 Alcidae Common guillemot, razorbill,
Atlantic puffin
849 Cormorant sp. European shag, great cormorant
5919 Lesser black-backed Lesser black-backed gull,
gull/European herring European herring gull
gull
6009 Unidentified Larus gull Lesser black-backed gull,
European herring gull, yellow-
legged gull, Caspian gull, great
black-backed gull, black-headed
gull, common gull
6049 Unidentified gull Lesser black-backed gull,
European herring gull, yellow-
legged gull, Caspian gull, great
black-backed gull, black-headed
gull, common gull, Black-legged
kittiwake
5709 Unidentified skua Pomarine skua, Arctic skua, long-
tailed skua

Figure 2. Counts were selected that fall within the area of "Central North Sea" (CNS) & "Southern
North Sea" (SNS)
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3.1.3 Distance sampling

Distance sampling is an established method for estimating animal densities (Buckland & Turnock,
1992). This method assumes that the probability of detecting an animal decreases with distance. To
correct for this distance effect, birds are assigned to counting bins. The first bin is the closest to the
ship or airplane and the last is the furthest away. Every bin has an estimated standard width.
Standard ship-based counts use a standard strip width of 300 meters perpendicular to the ship with
four counting bins with widths of 50m|50m|100m|100m (moving away from the ship). However, there
are also counts with strip widths of 100, 150, 200 or 500 meters. All birds in the two closer bins of 50
meter were assumed to be detected, although, in reality there will always be some birds missed. Per
species, the potentially missed individuals in the outer bins were estimated by comparing the summed
numbers of birds in the first two bins with the humbers seen in the outer two bins. This allowed for a
correction of birds missed in these outer bands, depending on the species. For each strip width, a
separate correction factor was calculated. When relatively more birds were recorded in the outer two
bins, resulting in a correction factor for missed birds that was below 1, the factor was changed to 1
and actual count values were used. For some large species, such as the common eider, which were
presumably always detected in all bins, but for which insufficient numbers of observations were
available, the correction factor was set at 1. Ship counts with a transect width of 100 were left
uncorrected, as they only include the two closer bins of 50 meter. The corrections were only calculated
for birds counted on the water and not for flying birds: these usually moved over several bins and are
presumably relatively easily detected.

Aerial surveys were conducted by MWTL and ESAS. MWTL surveys were conducted without distance
estimation until mid-2014 and were left uncorrected in the used dataset. Later MWTL aerial counts
were conducted with distance estimation. “Effective strip widths” were calculated by Bureau
Waardenburg (Fijn et al., 2019; 2020) and were used to correct the area surveyed, instead of the
number of observations. For the common eider, common scoter and Arctic skua, no factors were
calculated and area surveyed was left uncorrected. Aerial counts conducted by ESAS either used two
bins (44 m|91 m|163 m) or three bins (44 m|91 m|163 m|432 m), with the first 44 m left uncounted
as this section was obscured from view (directly under the airplane). Number of birds (per meter strip
width) in the first two bins were comparable, therefore only birds in the third bin (163 m-432 m) were
corrected and counts with only two bins were left uncorrected. Correction factors were calculated in
the same way as for the ship counts described above; expected numbers per species based on the
first two bins were divided by the actual counted numbers per species. When the correction factor was
below 1, the factor was set at 1 and actual counts were used.

Number of birds were summed per position key (unique code per position per survey) per species and
these sums were, where applicable, multiplied by the calculated correction factors. For ship-based
counts, birds within the transect (scored as ‘on the water’ or ‘flying’) that were not assigned to a
specific bin were added to the totals per position key, after correcting the numbers of birds that were
assigned to specific bins. Totals per species per position key were converted to densities (numbers per
square kilometer) by dividing the totals by the area surveyed (which is the transect width in
kilometers multiplied by the kilometers travelled).

For all species, zeros were added to the dataset at every position where counts had been conducted
but where that specific species was not seen.

3.1.4 Count methods & species counted

The ESAS database is collated from surveys with different objectives. In most (standard) surveys, all
species were counted. However, some surveys targeted specific species, or groups of species and these
are not suitable to evaluate the presence of other species. Furthermore, in ship-based counts, flying
birds are not always assigned to a transect (“*no snapshot method for flying birds”). For these counting
methods, we only included species that are mainly swimming. Within our selection these are the divers,
common guillemot, razorbill, Atlantic puffin, common eider and common scoter. All observations of
species that were not counted during a specific expedition (including the zeros) were not included in the
dataset.
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3.2 Density maps and dot maps

Dot maps and density maps were calculated for both the species that are under assessment for
collision mortality (Table 2) as well as the species that are under assessment for habitat loss (Table

1).

3.2.1 Dot maps

During the pre-processing of the raw data from both ESAS and MWTL, it was noted that for a number
of species under evaluation for collision mortality, the available data were insufficient for full cover
density maps. To determine which species are seen frequently enough to produce density maps,
number of observations per species were plotted geographically. For species with few observations,
the actual counts summed per observation key were mapped instead (Table 2).

3.2.2 Density maps

Seabird density maps were calculated following the methodology described in the previous
assessments (KEC 2.0, Leopold et al., 2014; KEC 3.0, Van der Wal et al., 2018). While the previous
assessment used data up to 2017 (Van der Wal et al., 2018), in the current assessment for both the
international North Sea (INT) and the Dutch EEZ (NAT) maps (Figure 3), data up to 2020 were used
(Table 6). Data from both ESAS and MWTL were used for international density maps, and, in contrast
to the previous assessment, only MWTL data were used for the national maps (Table 6). Density maps
were calculated both for species that are under assessment for the effect of habitat loss (Table 1) as
well as for species that are under assessment for the effects of collision mortality (Table 2). For each
bird species a total of fourteen density maps were calculated: a national and international map of each
of the six bimonthly periods (Table 4) and of a yearly average.

. Legenda

StudyArea_WS
[ ] KEC4 Study Area (EEZ)
KEC4 subdivision

CNS
[]sNS
[ Dutch EEZ
OpenStreetMap monochrome

0 50 100 150 200km

Figure 3. Study area with subdivisions, the Ducth EEZ (NAT, indicated in orange) and the
international North Sea (INT, green outline).

The data were converted to grids with grid cell resolutions of 5x5 km. For some species, local densities
tend to be too high due to clumping behaviour behind fishing vessels (Leopold et al., 2014). For these
species, bird densities >10 birds/km? were spread at a medium (5 x 5 grid cells) or high (11 x 11 grid
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cells) level before the grid interpolation. Whether such spreading of the data was performed is
indicated per species in Table 1 and Table 2.

Values per grid cell were averaged per species and bimonthly period across databases. Interpolated
gridded density maps were calculated based on inverse distance weighting (with nearest neighbour). A
minimum of 5 cells and a maximum of 15 cells were included in the calculation of the value in each
cell and cells at a maximum distance of 317 km could be included in the calculation. It was noted that
for a few species data are scarce near the Scottish coast, as a result some empty areas were left in
the Moray Firth and Firth of Forth. To fill those empty areas the nearest available data (to the East)
were propagated westward. GIS processing, including inverse distance weighting, was executed with
QGIS (version 3.16.6-Hannover) and Python (version 3.7.0).

Table 6. Data sources and periods used in calculating the seabird density maps for the international
(International North Sea; INT) and national (Dutch EEZ; NAT) maps.

Source(s) ESAS + MWTL MWTL
Period (years) 1991-2020 2000-2020

3.3 Casualties per wind farm area

Casualties due to habitat loss were calculated based on the same assumptions as for the previous
assessments (KEC 2.0, Leopold et al., 2014; KEC 3.0, van der Wal et al., 2018). Figure 4 represents
an overview of the offshore wind farms (OWF) that were included in the assessment (source: RWS).
For the calculations of the casualties per national scenario and per Dutch OWF area in the national
tables and figures, the national bird density maps were used. For the calculations of the casualties per
international scenario, the international OWF areas and the Dutch OWF areas in the international
figures, the international bird density maps were used.

The number of casualties ¢ per OWF area and per bimonthly period i due to habitat loss were
calculated as:

C; = B; *RDRS * E,

which depends on the mean bird density in the OWF area B; per bimonthly period, the estimated area
occupied by the OWF E and the relative displacement risk score RDRS.
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The provided OWF boundaries delineate the outer edges where an offshore wind turbine can be
positioned (Figure 4). For each area occupied/influenced by an OWF, the mean bird densities per
bimonthly period (B; ) were calculated based on the density values of the grid cells inside each OWF
and inside a 500 m buffer around each OWF. All vector grid-cells that have some overlap with the
buffered OWF were included in this mean. The estimated area occupied by the OWF (E) was calculated
by multiplying the known area of the OWF by a scale factor. The scale factors are 1 for e.g. fully
commissioned OWF and for most other OWF that are in a late state of development. The OWF in early
development stages, labelled as concept/early planning resp. development zone, mostly have a scale
factor well below 1 because the area under consideration is far larger than needed for the amount of
power that is planned to be installed. The scale factors were calculated by estimating the required
area assuming a future density of 10 MW/km? (as per the direction given by RWS). The species
specific relative displacement risk scores (RDRS) are listed in Table 7, the values were taken from
Leopold et al. (2014; table 4.21).

W
Rekenvariant I

e
f’ A
5
b
i,

International

Figure 4. Overview of the OWFs included in the scenarios for the habitat loss calculations.
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Table 7. Relative Displacement Risk Score (RDRS) per seabird species. Values for RDRS were taken
from Leopold et al. (2014; table 4.21).

59 Gavia sp. Diver sp. 0.080
220 Fulmarus glacialis Northern fulmar 0.004
710 Morus bassanus Northern gannet 0.008
720 Phalacrocorax carbo Great cormorant 0.012
2060 Somateria mollissima Common eider 0.048
2130 Melanitta nigra Common scoter 0.080
6110 Thalasseus sandvicensis Sandwich tern 0.024
6340 Uria aalge Common guillemot 0.036
6360 Alca torda Razorbill 0.036
6540 Fratercula arctica Atlantic puffin 0.024
3.4 Mortality calculation

Annual mortality probabilities due to habitat loss per scenario (Table 3 and Figure 4) were calculated
from the estimated number of casualties per bimonthly period, for each of the species that is under
assessment for habitat loss (Table 1). For the northern gannet and the sandwich tern also the collision
mortality probabilities per scenario were considered in the population models. The collision mortality
probabilities were taken from Potiek et al. (2021b). The effect of habitat loss and collision mortality
were considered together in one population model because there is, for both species, only a single
North Sea population that is assumed to suffer from both processes. The annual mortality probabilities
were used in the population models to assess the population-level effects of the OWF secnarios.

We used the mean number of casualties over the six bimonthly periods to obtain a more robust
estimate of the number of casualties. The mean number of casualties per period (M,,.;,q) Was divided
by the maximum population abundance over all bimonthly periods (N,,.,). We assumed that the
maximum abundance is most representative for the size of the population that suffers from habitat
loss. The resulting mortality figure mperioa = Mperioa/ Nmax Was transposed to the annual mortality rate
Mannuat AS:

Mannual = 1 - (1 - mperiod)6

The parameter mg,.,; represents the annual mortality that results from habitat loss as a consequence
of displacement from OWF areas. For the calculations of the mortality probabilities for the national
scenarios, abundances based on the national bird density maps were used. For the calculations of the
mortality probabilities for the international scenario, the international bird density maps were used.

3.5 Matrix population models

For the population-level assessment we used population models for seven of the ten species that are
under assessment for habitat loss (Table 1). For the northern gannet and the sandwich tern, both the
effects of habitat loss and collision mortality were assessed using a population model. The KEC 4.0
uses the same type of population models as used by Van Kooten et al. (2019). All model details and
parameter derivations are described in Annex 1; the models are described in broad terms here.

The models for all species are stage-structured matrix population models that subdivide the population
into different life stages. Consequently, the population is described by the population state vector that
holds the number of individuals within each life stage. Individuals within a particular life stage have

the same survival probability and reproductive output. A projection of the population into the future is
made by multiplying the population state vector with a matrix that contains the stage-specific rates of
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survival and reproduction. This matrix is called the projection matrix. The projection matrix is a square
matrix with the number of rows and columns equal to the number of life stages. The entry in the it
row and j column of the projection matrix corresponds to the number of individuals of life stage i that
are derived from a single individual in life stage j during one time step. The entries in the projection
matrix are derived from species- and age-specific data on reproduction and survival. In KEC 4.0 we
use deterministic, density-independent population models, which means that rates of survival and
reproduction are independent of time and population abundance. Consequently, the entries of the
projection matrix do not change from one time step to the next. Under such conditions, repeatedly
multiplying the projection matrix with the population state vector results in an exponentially growing
or declining population, with the long-term rate of population growth being solely determined by the
projection matrix. This long-term population growth rate, or asymptotic population growth rate, is
equal to the dominant eigenvalue of the projection matrix, and denoted by 1. The value of 1 indicates
the relative change in population abundance; for 2 > 1 the population increases exponentially and for
1 < 1 the population declines exponentially. A population that grows or declines with a rate equal to 4
will have a stable stage distribution, i.e. the abundance of each life stage relative to the total
population abundance remains constant. The stable stage distribution is equal to the right eigenvector
associated with the dominant eigenvalue 1.

3.5.1 General model structure

In (sea)birds, age is an important determinant of survival and reproduction, therefore the
categorization of life stages is primarily based on individual age. The number of life stages adopted for
each species depends on the available information on age-specific survival and reproduction. A large
number of stages can only be used if the available data are of sufficient resolution. Furthermore, it is
only useful to consider different life stages if there are sufficiently large differences between those
stages in terms of survival or reproduction. Here we describe the setup and analysis of the matrix
models in general terms. Per species we discuss the adopted projection matrix and their parameter
values.
We follow the matrix models previously described by Van Kooten et al. (2019) and consider separate
summer and winter transition matrices. The summer transition matrix A, describes reproduction
during the breeding season, i.e. the addition of new individuals to the first life stage. During the
breeding season individuals do not die or age: there are no transitions between life stages. Therefore,
survival of individuals equals 1. The winter transition matrix A,, describes survival and transition of
individuals during the non-breeding season. If a life stage represents a single age-class, surviving
individuals always transit to the next life stage. If a life stage comprises multiple age-classes,
surviving individuals can remain in that life stage, although a fraction will transit to the next life stage.
For a life stage i that spans multiple ages, P; is the probability that an individual remains in stage i and
is derived by assuming a stable age distribution (Crouse et al., 1987):

(1-5"")
Here, S, is the annual survival probability and n; is the number of ages covered by life stage i. The

probability that an individual survives and transitsnto stage i + 1 is given by:

G =205 @)

1-5."

If stage i would comprise a single age class (i.e. n; = 1), P; correctly evaluates to zero and G; to S,,.
The annual projection matrix A is calculated by a matrix multiplication of the winter and summer
projection matrices: A = A,, - A;. The order of the seasonal matrices in the matrix multiplication implies
that the annual projection matrix projects the number of birds censused after winter and just before
the breeding season begins. At this time, all individuals have just aged and new-born individuals of
the previous summer have become 1 year old, but the new-borns of the current breeding season have
not been censused yet. Turning the multiplication of the seasonal matrices around would result in a
different annual projection matrix and a different stable stage structure, but with an identical

population growth rate. It would just be looking at the population at a different moment in the year.

P=S @)

In reality, vital rates (reproduction and survival) vary between years, colonies and individuals and this
leads to variation in the population growth rate (1). We allow for such variation by representing each
model parameter by a statistical distribution described by a mean value and a standard deviation
(SD). In case standard errors (SE) instead of standard deviations were reported, we calculated the
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standard deviation as SD = SE -v/n, with n the number of samples. Similarly, the range rule, SD = (max
- min) / 4, was used to estimated SD from minimum and maximum values. If 5% and 95%

. . . . Clggo,—Clsy,
confidence intervals were reported, we back-calculated the standard deviation as: SD = %«/ﬁ

We adopt the continuous beta distribution for all parameters that can only vary between zero and one.
Parameters that can exceed one either follow a normal distribution or a truncated normal distribution.
The distribution of the population growth rate is derived by calculating a large number of annual
projection matrices. For each matrix, every parameter is sampled from its own distribution.
Subsequently we calculate A for every projection matrix. Each parameter is sampled independently
and we do not consider covariation between different parameters.

3.5.2 Habitat loss mortality per life stage

The habitat loss mortality was calculated per life stage for the seven species for which a population
assessment was performed (Table 1). For the northern gannet and the sandwich tern also the life
stage specific collision mortality was calculated. First, we assigned an ‘OWF vulnerability’ to each life
stage. The OWF vulnerability (0 - 1) represents the relative vulnerability of each life stage to OWF-
induced mortality and can be used to exclude particular life stages from additional mortality, for
example because species do not inhabit the North sea during certain parts of the life cycle. For the
sandwich tern, we set the ‘OWF vulnerability’ to zero for the first two life stages (J, and J;,) because
these life stages are not present in the North Sea. This implies that only sandwich terns of 3+ years
old experience OWF-induced mortality. The two adult life stages of the sandwich tern have an OWF
vulnerability of 1. For the northern gannet, the stage-specific OWF vulnerabilities were based on the
estimated age-distribution of the casualties of OWF collisions and were taken identical as used for the
collision mortality assessment of the northern gannet (Potiek et al., 2021b). The vulnerability to OWFs
is low (+/- 0.45) for the first two life stages of the northern gannet (age 0 and 1) and increases from
age 2 onwards. For all other species, the ‘OWF-vulnerability’ was set to 1 for all life stages.

The OWF-induced mortality was applied to the survival parameters (S, , see equations (1) and (2)),
and some life stages share the same survival parameter (see parameter derivations in Annex 1). The
OWF vulnerabilities of the life stages that share a survival parameter were aggregated into an OWF
vulnerability per survival parameter. This aggregation involved calculating the mean of the stage-
specific OWF vulnerabilities, weighted by the stable distribution of each life stage. Parameter-specific
OWF vulnerabilities were multiplied with the calculated OWF-induced additional mortality to arrive at
additional mortality rates specific to each survival parameter.

Mortality rates were interpreted as finite probabilities that could vary between zero and one, as
opposed to instantaneous rates. Accordingly, survival (S,) was calculated as the complement of
mortality m =1 - S,. The OWF-affected survival rate, Sy, calculated from the OWF mortality, moy s,
and the default survival rate S following:

Sowr =1—((1—=8) + moyr)

3.6 Population level effects and acceptable levels of
impacts

The acceptable levels of impact (ALIs) were defined for each of the species for which population-level
effects of habitat loss were calculated (Table 8). For the species without population models (Table 1),
no ALI thresholds could be defined. The concept of the ALIs has previously been described by Potiek et
al. (2021a) and the values for the ALI thresholds were defined in a LNV working document. The values
of X and Pt that define the ALI thresholds (Table 8) were defined by LNV based on the IUCN status of
the species (Potiek et al., 2021a).
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Table 8. Population-level effects of OWFs are tested against the Acceptable Level of Impact (ALI)
thresholds (Potiek et al., 2021a) of which values were defined in a working document by LNV. X
signifies how much smaller a population is allowed to be due to the influence of OWFs compared to a
population without OWF. More exactly, it defines the population abundance that is deemed
unacceptable after three bird generations, as a percentage of the population abundance expected
without offshore wind farms. Pt signifies the probability that offshore wind farms are the cause of the
violation of the X value that is deemed unacceptable.

59 Gavia sp Diver sp 30 0.5 IUCN 27 least concern, NL non breeding
favourable (based on Gavia stellata)
220 Fulmarus Northern fulmar 15 0.1 IUCN 27 vulnerable, NL non breeding favourable
glacialis
710 Morus bassanus Northern gannet 30 0.5 IUCN 27 least concern, NL non breeding
favourable
6110 Thalasseus Sandwich tern 30 0.5 IUCN 27 least concern, NL non breeding
sandvicensis unfavourable, NL breeding very unfavourable
6340 Uria aalge Common guillemot 30 0.5 IUCN 27 least concern, European population
near threatened, NL non breeding favourable
6360 Alca torda Razorbill 30 0.5 IUCN 27 least concern, European population
near threatened, NL nonbreeding unknown
6540 Fratercula Atlantic puffin 15 0.1 IUCN 27 near threatened, NL non breeding
arctica unknown

For each species, we generated 1°> stochastic annual projection matrices per scenario, including the
‘null” scenario without additional OWF-induced mortality. The population growth rate (1) was
calculated for each annual projection matrix as the real part of the dominant eigenvalue. Several
summary statistics were calculated to characterize the resulting distribution of the population growth
rates (mean, median, standard deviation and 5% and 95% quantiles). Population models were run
using R software (R Core Team, 2020) and the ‘KEC4popmodels’ R-package (Hin, 2021), which was
developed for the current project.

Following Potiek et al. (2021a), the ALI threshold that was used to test the effect of the OWFs in the
population models was calculated for each species based on two factors:

1. The median population growth rate 1y that, over 3 generations, or 10 years,
whichever period is longer (Potiek et al., 2021), resulted in a population abundance
that is X% lower than the population abundance with no OWFs (Table 8).

2. The probability that these lower population abundances are the result of the
deployment of OWFs, P.qysaiity- The values of Pegysaiie, Were compared to the Pt values
listed in Table 8 and when P 4,51y, Was found to be large than Pt, the ALI threshold
was exceeded.

To calculate Pqysq1iey fOr €ach scenario, we determined the proportion of the distribution of population
growth rates that is lower than Ax. This proportion was termed Pipnpace: The Piypgce fOr the null scenario

was the probability of a population growth rate lower than 1, without an OWF impact and was termed
Praisepos+ FOr €ach scenario, we calculated the odds that a population growth rate lower than 4y did
result from an OWF impact (O;mpact) aS:

Pimpact - Pfalsepas

Oimpact = P
impact

From Oumpace, the probability was calculated that the population growth rates lower than Ay resulted

from the estimated OWF impact as:
Oimpact
1+ Oimpact.

Pcausality =
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4 Results

4.1 Population level effects

The effects of habitat loss on the population level were not found to exceed the ALIs except for the
northern gannet (Table 9, Morus bassanus). This exceedance is caused by the casualties due to
collision mortality that lead to much higher mortality than habitat loss for this species (Table 13).

Table 9. Outcomes of population level assessment of the species under assessment for habitat loss.
The effects of the tested scenarios do (TRUE) or do not (FALSE) exceed the species specific ALIs (see
Table 8). The sandwich tern (Thalasseus sandvicensis) and the northern gannet (Morus bassanus) are
under assessment for both effects of habitat loss and collision mortality and both were taken into
consideration simultaneously for the test against the ALIL

Effects of both

habitat loss and
Effects of habitat loss collision mortality
0

n un

) T ) 3 C

. 3w 2 S S 3 ol

= 8 & 3 2 ] 0§ N

8 ® Y Q.9 30 Q3

S = E£T © © e N T 2

w9 S8 N 2 N S wm < 5

Scenario 0% LS ) < LS =3 E 3
Basic 2030 FALSE FALSE FALSE FALSE FALSE TRUE FALSE
Rekenvariant III FALSE FALSE FALSE FALSE FALSE TRUE FALSE
Rekenvariant II FALSE FALSE FALSE FALSE FALSE TRUE FALSE
Rekenvariant I FALSE FALSE FALSE FALSE FALSE TRUE FALSE
International FALSE FALSE FALSE FALSE FALSE TRUE FALSE

Werkversie

Wageningen Marine Research report C070/21 | 21 Of 79


graaflan
werkversie 2


4.2 Habitat loss casualties

4.2.1 Casualties per OWF area
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Figure 5. Estimated total number of casualties per year from habitat loss due to Dutch OWFs. Note the
different scaling of the vertical axis between the different species. All OWFs are included in the national
scenarios. Data represent the national subset (Table 10). Areas corresponding to the OWF IDs are
shown in Figure 6 and their names can be found in Table 10.
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Figure 6. Dutch OWF areas with their OWF IDs

4.2.1.1 National

The estimated annual number of casualties from habitat displacement due to Dutch OWFs is shown
per species for each wind farm in Figure 5 and Table 10. Appendix Table 38 lists the number of
casualties per bimonthly period, species and OWF for all current Dutch OWFs and OWF search areas.
There is considerable variation in the annual number of casualties between species and OWF areas.
The estimated total number of casualties from habitat displacement across all Dutch OWF areas and
species equals 1955 individuals per year for the national subset of the data (Table 10). 72.6% of the
total number of casualties per year across the Dutch OWF areas are common guillemots (Figure 5
and Table 10). The second ranked species is the razorbill with 19.0%. All the other species contribute
less than 4% of the total estimated number of casualties per year.

Most casualties are predicted for OWF area * Zoekgebied 1 Noord’ (OWF id = 258) with 368.9
casualties per annum (Table 10), followed by OWF areas ‘Zoekgebied 2 Noord’ (OWF id = 274) and
‘IJmuiden Ver’ (OWF id = bw6). Across all species, OWF area ‘Zoekgebied 1 Noord’ (OWF id = 258)
alone is predicted to result in 18.9% of the total yearly number of casualties. Per GW, most casualties
are predicted in different OWF areas (Table 11). ‘Egmond aan Zee’ (OWF id = 5), the ‘Borssele’ OWF
areas (OWF ids = 1 - 4, 14) and ‘Hollandse Kust Noord’ (OWF id = 15) are predicted to cause most
casualties per GW.
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Table 10. Estimated total annual number of casualties for Dutch OWF areas per species and OWF area.
Areas corresponding to the OWF IDs are shown in Figure 6.
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OWF name w o bt Q wE = ~ w0 D < we
1 Borssele 2 0.1 0.5 4.3 0.6 0.0 0.0 1.7 33.9 10.3 0.3
Borssele 3 0.0 0.6 4.7 0.9 0.0 0.0 0.8 37.7 10.5 0.4
Borssele 4 - 0.1 0.8 4.6 0.0 0.0 0.0 0.4 34.9 13.1 0.1
Blauwwind
4  Borssele Site V 0.0 0.0 0.3 0.0 0.0 0.0 0.0 1.4 0.5 0.0
-Two towers
5 Egmond aan 0.8 0.0 0.6 1.0 0.1 7.0 2.5 13.1 2.1 0.0
Zee
6  Prinses 0.0 0.1 0.4 0.0 0.0 0.0 0.4 7.7 1.1 0.0
Amaliawindpark
7 Eneco 0.2 0.0 0.3 0.1 0.0 0.0 0.2 8.5 1.7 0.0
Luchterduinen
8 Gemini Zee 0.2 1.1 0.6 0.0 0.0 0.0 0.5 10.9 2.8 0.0
energie
9 Gemini 0.5 0.2 0.1 0.0 0.0 0.0 0.1 9.2 1.5 0.1
Buitengaats
10 Hollandse Kust 2.1 0.1 1.3 0.4 2.0 0.0 1.6 26.4 7.5 0.0
Zuid Holland 1V
11 Hollandse Kust 0.0 0.0 0.9 0.1 1.8 0.1 0.9 30.9 6.7 0.0
Zuid Holland III
12 Hollandse Kust 0.2 0.1 0.8 0.0 0.3 0.0 0.5 18.9 2.7 0.0
Zuid Holland II
13 Hollandse Kust 0.5 0.1 1.0 0.1 0.0 0.0 0.9 24.3 3.7 0.0
Zuid Holland I
14 Borssele 1 0.2 0.7 4.5 0.0 0.0 0.0 1.4 26.0 8.2 0.1
15 Hollandse Kust 0.2 0.2 1.9 0.0 0.0 0.0 3.7 60.2 16.0 0.3
Noord
258 Zoekgebied 1 4.9 3.5 5.9 0.0 0.0 0.0 0.6 304.6 47.8 1.6
Noord
2630 Zoekgebied 5 2.3 12.1 5.1 0.0 0.0 0.0 2.1 118.3 16.4 1.0
Oost origineel
270 IJmuiden Ver 0.8 1.4 3.5 0.0 0.0 0.0 1.1 112.2 37.9 0.3
Noord
272 Zoekgebied 1 3.6 2.0 3.2 0.0 0.0 0.0 0.0 91.3 22.9 0.2
Zuid
274 Zoekgebied 2 2.3 2.1 7.2 0.0 0.0 0.0 2.9 181.2 71.2 0.2
Noord
bw4 Ten noorden 0.3 0.8 0.9 0.0 0.0 0.0 1.0 24.3 6.2 0.1
van de
Waddeneilanden
bw6 IIJmuiden Ver 0.2 5.4 7.6 0.0 0.0 0.0 3.2 175.5 52.8 1.6
bw7 Hollandse Kust 0.2 0.9 2.2 0.0 0.0 0.0 0.6 44.6 17.5 0.2
West
bw8 Hollandse Kust 0.2 0.4 0.9 0.0 0.0 0.0 0.1 22.5 10.7 0.1
West zuidelijke
punt
Total 19.8 33.1 62.9 3.3 4.3 7.1 27.5 1418.6 371.9 6.6
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Table 11. Estimated total annual number of casualties for Dutch OWF areas for all species and OWF
areas per GW. Areas corresponding to the OWF IDs are shown in Figure 6.

X
5 03
o L] 32 o ] ©
& § n 3 2 g £ £ H 3 2 B o
© = ot Q I 0w . ] ] e
i 8 T 98 & gun S &S © = 9 0
s s S5 8% EfSsef T % st
I 0 d S o -~ st
° OWF name © &5 =5 Y 4§ =TT R{ S T &
1 Borssele 2 0.2 1.3 115 1.7 0.0 0.0 4.6 90.1 27.5 0.8
2 Borssele 3 0.0 1.5 129 2.6 0.0 0.0 2.3 102.9 28.7 1.1
3 Borssele 4 - Blauwwind 0.2 2.1 12.7 0.0 0.0 o0.0 1.0 95.4 35.8 0.3
4 Borssele Site V - 0.0 2.1 152 0.0 0.0 0.0 2.1 71.2 26.2 1.1
Two towers
Egmond aan Zee 7.8 0.2 5.7 89 13 648 234 121.3 194 0.3
6 Prinses 0.2 0.5 3.2 0.3 0.0 0.0 3.3 64.5 9.2 0.0
Amaliawindpark
Eneco Luchterduinen 1.4 0.2 25 1.1 0.0 0.0 1.6 66.2 13.4 0.0
Gemini Zee energie 0.5 3.7 2.0 0.0 0.0 0.0 1.7 36.4 9.3 0.0
9 Gemini Buitengaats 1.8 0.7 04 0.0 0.0 0.0 0.4 30.7 5.0 0.4
10 Hollandse Kust Zuid 55 03 34 0.9 53 0.0 4.3 68.6 19.5 0.0
Holland 1V
11 Hollandse Kust Zuid 0.0 0.1 23 0.1 4.7 0.2 2.2 80.2 174 0.1
Holland III
12 Hollandse Kust Zuid 0.4 0.1 22 0.0 0.8 0.0 1.3 49.1 7.0 0.0
Holland II
13 Hollandse Kust Zuid 1.3 0.3 2.6 0.2 0.0 0.0 2.4 63.2 9.5 0.0
Holland I
14 Borssele 1 0.6 1.8 12.1 0.0 0.0 0.0 3.7 69.1 21.8 0.2
15 Hollandse Kust Noord 0.2 03 27 0.1 0.0 0.0 5.3 86.0 22.8 04
(Tender 2019)
258 Zoekgebied 1 Noord 1.2 09 1.5 0.0 0.0 0.0 0.1 76.2 12.0 0.4
270 IJmuiden Ver Noord 0.4 0.7 1.8 0.0 0.0 0.0 0.6 56.1 189 0.2
272 Zoekgebied 1 Zuid 1.8 1.0 1.6 0.0 0.0 0.0 0.0 45.7 11,5 0.1
274 Zoekgebied 2 Noord 0.6 0.5 1.8 0.0 0.0 0.0 0.7 45.3 17.8 0.1
2630 Zoekgebied 5 Oost 0.6 3.0 1.3 0.0 0.0 0.0 0.5 29.6 4.1 0.2
origineel
bw4 Ten noorden van de 04 1.2 1.3 0.0 0.0 o0.0 1.4 34.8 8.9 0.1

Waddeneilanden -
(Tender 2022)

bw6 IJmuiden Ver 0.0 14 1.9 0.0 0.0 0.0 0.8 43.9 13.2 04

bw7 Hollandse Kust West - 0.2 0.6 1.6 0.0 0.0 0.0 0.5 31.9 12,5 0.1
(Tender 2020/2021)

bw8 Hollandse Kust West 0.2 0.6 1.2 0.0 0.0 0.0 0.2 32.2 153 0.1

zuidelijke punt
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4.2.1.2 International

Casualties per bimonthly period, species and international OWF area are presented in a separate
document (Electronic supplement E1,
E1_Table_KEC4.0_Casualties_IntOWPs_BatchINT_ScenarioOWPs.pdf). The yearly number of casualties
per species for all OWF areas are shown in Electronic supplement E2

(E2_Casualties_ OWP_Species_INT.pdf), an overview of the casualties per international EEZ in Error!
Reference source not found. and per OWF area in Figure 8.

The species with the highest number of estimated victims is the common guillemot in nearly all
countries, with the exception of Denmark (Error! Reference source not found.). On the Danish EEZ the
diver sp. are the hardest hit species (group). This species (group) is also clearly visible within the
German pie diagram. For the Dutch, Belgian and UK EEZ, the species with second most casualties is
the razorbill. Also per OWF, the casualties mostly consist of common guillemots for international OWFs
(Figure 8). Yet, in the German and Danish OWFs, divers are often the species with most casualties
and the same occurs in some northern UK OWFs (Figure 8). In some German and Danish OWFs, the
common scoter is the most common casualty. In a few UK OWFs, this is the razorbill (Figure 8).

A

Background

OSM Standard

B 59 Gavi. spec.
220 Fulm. glac.
710 Moru. bass.

W 720 Phal. carb.
2060 Soma. moll.

B 2130 Mela. nigr.
6110 Thal. sand.
6340 Uria aalg.
6360 Alca tord.

. 6540 Frat. arct.

0 50 100 150 200 km
| _EEm

Figure 7. Habitat loss casualties by EEZ. Pie diagram size indicates total number, with segment size
representing the proportion per species. The legend indicates the colour per species (EUring and
scientific name).
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~ Background
~ OSM Standard

[ 220 Fulm. glac.

- [ 710Moru. bass.

- [l 720 Phal. carb.
[ 2060 Soma. moll.
B 2130 Mela. nigr.

6110 Thal. sand.

Figure 8. Overview of habitat loss casualties for the international scenario. Size of pie diagrams
indicates total number of casualties, segments indicate the proportion per species. The legend
indicates the colour per species (EUring and scientific name).
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4.2.2 Casualties and mortality estimates per scenario

The total number of casualties of habitat loss per year per OWF scenario are shown in Table 12 for all
ten species being evaluated for habitat loss. The total humber of casualties across species are lower
for the Rekenvariant I and Rekenvariant II scenarios than for Rekenvariant III.

Table 12. Estimated yearly total number of casualties per scenario and species.

) i)
o ] o
@ 2 3 SE 8 35 & 3 3
R S L0 [Tl -~ 0 O = b
a = w S O 8 - = 0 'S o] (S} On
8 S ] ([ oY < T > L] 3 o9
ES S8 w®§ EF S T2 & n 83
38 & £Y 8 g 2 g8 5 2 8P
Scenario Lo Q2 ax O ~a < g
Basic 2030 5.8 11.6 37.1 3.3 4.3 7.1 20.6 588.4 165.0 3.2 846.3
Rekenvariant II 14.9 29.6 57.0 3.3 4.3 7.1 26.9 1114.0 324.1 5.0 1586.2
Rekenvariant III 19.8 33.1 62.9 3.3 4.3 7.1 27.5 1418.6 371.9 6.6 1955.1
Rekenvariant 1 11.4 27.6 53.9 3.3 4.3 7.1 26.9 1022.6 301.1 4.8 1463.1
International 266.9 171.2 250.7 3.5 34.3 87.2 46.2 14148.1 2609.6 707.8 18325.5

Based on the mean numbers of estimated casualties and the maximum population abundances, the
proportion mortality due to habitat loss and collision mortality on the population level was calculated
for the species that are assessed at the population level (Table 13). Note that for the northern gannet
and the sandwich tern, the habitat loss, collision mortality and total mortality are reported. The
mortality probabilities are eventually used in the population models.

Because the mortality probabilities are relative to the population size, they give an indication of how
strong each population will be affected by the casualties. While the diver spec. were estimated to have
less casualties than the northern fulmar, the mortality probability for the diver spec. are estimated to
be higher than for the northern fulmar (Table 13). Error! Reference source not found. The estimated
values for the habitat loss mortality are highest for the common guillemot and razorbill. Yet, for the
northern gannet, the highest OWF mortality probabilities were estimated, due to the addition of the
collision mortalities (Table 13).

Table 13. Estimated annual mortality probability per species and scenario. For the northern gannet
(Morus bassanus) and the sandwich tern (Thalasseus sandvicensis) mortality due to habitat loss (hab.)
and collision mortality (coll.) as well as total (tot.) mortality are reported separately.

vicensis

vicensis

sand
(tot.)

vicensis

Morus bassanus
rctica

Morus bassanus
(tot.)

Morus bassanus
(coll.)

(hab.)
Thalasseus
Thalasseus
Thalasseus
Alca torda
atercula

Su
LS
8§
ET
38
w o

sand
(hab.)
sand
(coll.)

Fr.
a

Scenario
Basic 2030 0.00102 0.00023 0.00116 0.03657 0.03770 0.00091 0.00142 0.00233 0.00258 0.00267 0.00144

Rekenvariant II 0.00263 0.00059 0.00179 0.05432 0.05603 0.00119 0.00176 0.00294 0.00488 0.00524 0.00228
Rekenvariant III 0.00348 0.00066 0.00197 0.05893 0.06080 0.00122 0.00183 0.00304 0.00622 0.00602 0.00299
Rekenvariant I  0.00200 0.00055 0.00169 0.05189 0.05351 0.00119 0.00176 0.00294 0.00448 0.00487 0.00217
International 0.00826 0.00046 0.00154 0.04223 0.04371 0.00178 0.00249 0.00427 0.00841 0.01142 0.00305
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4.3

4.3.1

Diver sp. (Gavia sp.)

Diver sp. habitat loss casualties and mortality

7 Legend

\\ = ¢ < Gavia spec., NAT, 59

/-l 0-0.018

{ 0.018 - 0.079
0.079 - 0.302
0.302 - 0.537
0.537 - 2.098
2.098 - 3.559

I 3.559 - 4.86

Background
OSM Standard

0 - 50 . 100 150 -200km
| .

Figure 9. Diver sp. (gavia sp., EUring 59; note that red-throated diver and black-throated diver are
considered together Table 5) total annual habitat loss casualties per OWF included in the national

scenarios.

The national map (Figure 9) of the humbers of habitat loss diver sp. casualties shows that relatively
more casualties are to be expected in the areas that are situated more to the north and further away
from the coast. The international map (Figure 10) shows a similar picture for the Dutch EEZ, with
relatively fewer casualties closer to the coast and more to the south. Internationally, most casualties
are predicted to occur along the German and Danish coasts and in the central and northern part of the
UK EEZ. Bird density maps of each bimonthly period and of the annual averages can be found in
separate documents (Electronic appendices E3 and E4; respectively
E3_DensityMaps_19species_NATINT_period.pdf and E4_DensityMaps_19species_NATINT_yearly.pdf).
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Legend
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Figure 10. Diver spec. (Gavia sp., EUring 59; note that red-throated diver and black-throated diver
are considered together Table 5) total annual habitat loss casualties per OWF included the
international scenario.

The estimated number of diver sp. casualties per bimonthly period varies between 1 and 4 for the
national scenarios and is highest for the ‘Rekenvariant III’ scenario (Table 14). Using a maximum
estimated abundance of 5680 individuals this corresponds to an additional annual mortality of 0.1 to
0.2% (Table 14). Both mean number of bimonthly casualties and maximum abundance are higher in
the ‘International’ scenario. The estimated additional annual mortality for the international scenario
equals 0.8% (Table 14). This leads to an estimated decrease of juvenile and adult survival of 1.35 and
0.96%. The number of casualties per bimonthly period for Gavia sp. are shown for each Dutch OWF
area in Annex Table 38.

Table 14. Overall, immature (J) and adult (A) mortality (mort) and survival values for diver sp. (Gavia
sp., EUring 59; note that red-throated diver and black-throated diver are considered together Table 5)
derived from mean numbers of casualties per bimonthly period and maximum abundance.

null 0.61000 0.86100

Basic 2030 1 5680 0.00102 0.00102  0.00102  0.60898 0.85998

Rekenvariant II 3 5680 0.00263 0.00263  0.00263  0.60737 0.85837

Rekenvariant III 4 5680 0.00348 0.00348  0.00348  0.60652 0.85752

Rekenvariant I 2 5680 0.00200 0.00200  0.00200  0.60800 0.85900

International 45 32199 0.00826 0.00826  0.00826  0.60174 0.85274
4.3.2 Diver sp. population level effects

The estimated additional mortality from habitat loss due to OWFs does not lead to a violation of the

ALI set for the diver species. Population growth rates estimated for the national scenarios are similar
to the null scenario (Figure 11) and the probability that population abundances lower than the
population abundance threshold result from the impact of OWFs is below 3% for the national scenarios
(Table 15).

Table 15. Population growth rates and ALI statistics for diver sp. (Gavia sp., EUring 59, note that red-
throated diver and black-throated diver are considered together Table 5). Median and 5% and 95%
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quantiles of the population growth rate (‘Lambda’) distribution are reported. 'P impact’ represents the
fraction of the distribution of Lambda that is below the threshold of a 30% smaller population
abundance compared to the median lambda of the null scenario after 3 generations, which occurs for a
Lambda of 1.002. 'P causality’ is the probability that the violation of the threshold results from the
impact. 'ALI 0.5’ shows whether P causality exceeds 0.5, the ALI threshold (see Table 8).

Null 1.015 0.724 1.123 0.4572
Basic 2030 1.014 0.726 1.122 0.4605 0.007 FALSE
Rekenvariant 11 1.011 0.720 1.121 0.4679 0.023 FALSE
Rekenvariant III 1.011 0.724 1.120 0.4707 0.029 FALSE
Rekenvariant I 1.012 0.723 1.121 0.4665 0.020 FALSE
International 1.002 0.716 1.116 0.4998 0.085 FALSE
Basic 2030 International Rekenvariant |

Rekenvariant Il Rekenvariant Il Q* QF N* N N

Density

> S S RN 2 S S S . 4

Population growth rate

Figure 11. Distribution of population growth rates of diver sp. (Gavia sp., EUring 59; note that red-
throated diver and black-throated diver are considered together Table 5) for the different scenarios.
Vertical lines indicate the median population growth rates of the ALI threshold (red), the null scenario
(black) and each scenario(colours). The distributions for each scenario (in colours) overlay the
distribution of the null scenario (in black).
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4.4 Northern fulmar (Fulmarus glacialis)

4.4.1 Northern fulmar habitat loss casualties and mortality

i
L

AREN
W)

{ Legend

Y = ¢ < Fulmaris glacialis, NAT, 220
/- 1l 0.02-0.21
i 0.21-0.55
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2.14-5.44
Bl 5.44-121

Background
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0~ 50 100"~ 150" 200km
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Figure 12. Northern fulmar (Fulmaris glacialis, EUring 220) total annual habitat loss casualties per
OWF included in any of the national scenarios.

Most casualties are predicted in the Dutch northern OWF areas further away from the coast (Figure
12). The international map shows a similar picture with most casualties predicted in OWFs far from
the coasts towards the central North Sea (Figure 13). Bird density maps of each bimonthly period
and of the annual averages can be found in separate documents (Electronic appendices E3 and E4;
respectively E3_DensityMaps_19species_NATINT_period.pdf and
E4_DensityMaps_19species_NATINT_yearly.pdf).

The estimated mean number of northern fulmar casualties per bimonthly period varies between 2 and
6 for the national scenarios and is highest for the ‘Rekenvariant III' scenario (Table 16). Using the
maximum estimated abundance of 50376 individuals, this corresponds to an additional annual
mortality of 0.023% to 0.066% for the national scenarios (Table 16). The estimated mean number of
casualties is higher for the ‘International’ scenario, but because of the large number of northern
fulmars in the entire North Sea (368,439 individuals), the estimated annual mortality for the
international scenario (0.046%; Table 16) is similar to that of the national scenarios. The number of
casualties per bimonthly period for the northern fulmar are shown for each Dutch OWF area in Annex
Table 38.
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Legend
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Figure 13. Northern fulmar (Fulmaris glacialis, EUring 220) total annual habitat loss casualties per
OWF included in the International scenario.

Table 16. Overall, immature (J) and adult (A) mortality (mort) and survival values mortality and
survival values for the northern fulmar (Fulmaris glacialis, EUring 220) derived from mean numbers of
casualties per bimonthly period and max abundance

null 0.88400 0.93600

Basic 2030 2 50376 0.00023 0.00023 0.00023 0.88377 0.93577

Rekenvariant II 5 50376 0.00059 0.00059 0.00059 0.88341 0.93541

Rekenvariant III 6 50376 0.00066 0.00066 0.00066 0.88334 0.93534

Rekenvariant I 5 50376 0.00055 0.00055 0.00055 0.88345 0.93545

International 29 368439 0.00046 0.00046 0.00046 0.88354 0.93554
4.4.2 Northern fulmar population level effects

The estimated additional mortality from habitat loss due to OWFs does not lead to a violation of the
ALls set for the northern fulmar. Population growth rates estimated for all scenarios are similar to the
null scenario (Error! Reference source not found.) and the probability that population abundances
lower than the population abundance threshold result from the impact of OWFs is below 1.7% for all
scenarios (Table 17).
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Figure 14. Distribution of population growth rates of the northern fulmar (Fulmaris glacialis, EUring
220) for the different scenarios. Vertical lines indicate the median population growth rates of the ALI
threshold (red), the null scenario (black) and each scenario(colours). The distributions for each
scenario (in colours) overlay the distribution of the null scenario (in black).

Table 17. Population growth rates and ALI statistics for the northern fulmar (Fulmaris glacialis, EUring
220). Median and 5% and 95% quantiles of the population growth rate (‘Lambda’) distribution are
reported. 'P impact’ represents the fraction of the distribution of Lambda that is below the threshold of
a 15% smaller population abundance compared to the median lambda of the null scenario after 3
generations, which occurs for a Lambda of 1.001. 'P causality’ is the probability that the violation of
the population abundance threshold results from the OWF impact. 'ALI 0.1’ shows whether P causality
exceeds 0.1, the ALI threshold (see Table 8).

Null 1.003 0.896 1.058 0.4808
Basic 2030 1.003 0.895 1.057 0.4850 0.008 FALSE
Rekenvariant II 1.002 0.896 1.057 0.4891 0.017 FALSE
Rekenvariant III 1.002 0.895 1.057 0.4888 0.016 FALSE
Rekenvariant I 1.002 0.897 1.057 0.4878 0.014 FALSE
International 1.003 0.897 1.057 0.4855 0.010 FALSE
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4.5 Northern gannet (Morus bassanus)

4.5.1 Northern gannet habitat loss casualties and mortality

 Morus bassanus, NAT, 710
I 0.13-0.39
[ 0.39-0.99

©0.99-2.22

2.22-3.53
[ 353-4.71
I 4.71-5.91
Bl 5.91-7.56

- Background
OSM Standard

Figure 15. Northern gannet (Morus bassanus, EUring 710) total annual habitat loss casualties per
OWF included in the national scenarios.
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Figure 16. Northern gannet (Morus bassanus, EUring 710) total annual habitat loss casualties per
OWF included in the international scenario.
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For the northern gannet, most casualties are predicted in in the Dutch northern OWF areas further
away from the coast (Figure 15). The international map shows a similar picture with most casualties
predicted in OWF far from the coasts towards the central North Sea (Figure 16). Bird density maps of
each bimonthly period and of the annual averages can be found in separate documents (Electronic
appendices E3 and E4; respectively E3_DensityMaps_19species_NATINT_period.pdf and
E4_DensityMaps_19species_NATINT_yearly.pdf).

The number of northern gannet casualties from both habitat loss and collision risk are presented in
Table 18. There are on average between 204 and 332 casualties per bimonthly period from both
habitat loss (this study) and collisions (Potiek et al., 2021b) for the national scenarios. For habitat loss
alone, this ranges from 7 to 11. Most casualties are predicted in the ‘Rekenvariant III' scenario. The
average estimate for the international scenario is 1209 casualties per two months, of which 97% are
collision victims. The number of casualties from habitat loss per bimonthly period for the northern
gannet are shown for each Dutch OWF area in Annex Table 38.

The estimated maximum abundance used for the national scenarios equals 31,859 individuals, which
leads to an estimated additional mortality rate in between 3.7% (*Basic 2030’) and 6.1%
(‘Rekenvariant III") per year, considering both habitat loss and collision risk (Table 18). For the
international scenario a maximum abundance of 162,868 individuals is used, which results in an
estimated additional mortality of 4.4% per year.
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Table 18. Overall, juvenile (S0), immature (S1, S2, S3) and adult (SA) mortality (mort) and survival values mortality and survival values for the northern gannet (Morus
bassanus, EUring 710) derived from mean numbers of casualties per bimonthly period and max abundance due to habitat loss (this study) and collision mortality (taken from
Potiek et al., 2021b). Mortality source’ shows the source of the mortality that is considered (HabLoss: Habitat loss, Collisions: collision mortality and Total: both habitat loss and
collision mortality together).

Mean Max

Scenario Ms%rjﬁé'éy clatiseusa ab#Cr:eda Mort Mort SO Mort S1 Mort S2 Mort S3 Mort SA SurSv(;vaI SurSvllvaI SLII’SV2IV3| Sursvslval Surs\xval
null 0.48100 0.81600 0.88400 0.88700 0.91800
Basic 2030 CoIIission 198 31859 0.03657 0.01432 0.01372 0.02743 0.02713 0.03570 0.46668 0.80228 0.85657 0.85987 0.88230
Basic 2030 HabLoss 7 31859 0.00116 0.00046 0.00044 0.00087 0.00086 0.00114 0.48054 0.81556 0.88313 0.88614 0.91686
Basic 2030 Total 204 31859 0.03770 0.01477 0.01414 0.02828 0.02796 0.03680 0.46623 0.80186 0.85572 0.85904 0.88120

Rekenvariant II Collision 296 31859 0.05432 0.02128 0.02037 0.04074 0.04029 0.05302 0.45972 0.79563 0.84326 0.84671 0.86498

S
Rekenvariant II HabLoss 10 31859 0.00179 0.00070 0.00067 0.00134 0.00133 0.00175 0.48030 0.81533 0.88266 0.88567 0.91625
Rekenvariant II Total 305 31859 0.05603 0.02195 0.02101 0.04202 0.04156 0.05469 0.45905 0.79499 0.84198 0.84544 0.86331

Rekenvariant III CoIIiSSion 321 31859 0.05893 0.02308 0.02210 0.04420 0.04370 0.05751 0.45792 0.79390 0.83980 0.84330 0.86049
Rekenvariant III HabLoss 11 31859 0.00197 0.00077 0.00074 0.00148 0.00146 0.00193 0.48023 0.81526 0.88252 0.88554 0.91607

Rekenvariant 111 Total 332 31859 0.06080 0.02381 0.02280 0.04560  0.04510  0.05935 0.45719  0.79320 0.83840 0.84190  0.85865
Rekenvariant I CO”'SS'O” 282 31859  0.05189  0.02033  0.01946  0.03892  0.03849  0.05065 0.46067 0.79654  0.84508  0.84851  0.86735
Rekenvariant I HabLoss 9 31859  0.00169  0.00066  0.00063  0.00127  0.00125 0.00165 0.48034  0.81537 0.88273  0.88575  0.91635
Rekenvariant I Total 201 31859  0.05351 0.02096  0.02007 0.04013  0.03969  0.05223 0.46004 0.79593  0.84387 0.84731  0.86577

International Collision 116 1828 0.04223 0.01654 0.01583 0.03167 0.03132  0.04121  0.46446 0.80017  0.85233  0.85568  0.87679
International Habloss 42 1828 0.00154 0.00060  0.00058  0.00115  0.00114  0.00150  0.48040  0.81542  0.88285 0.88586  0.91650
International Total 120 1828 004371  0.01712 0.01639  0.03278  0.03242  0.04266 0.46388 0.79961  0.85122  0.85458  0.87534
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4.5.2 Northern gannet population level effects
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Figure 17. Distribution of population growth rate of the northern gannet (Morus bassanus, EUring
710) for the different scenarios. Vertical lines indicate the median population growth rates of the ALI
threshold (red), the null scenario (black) and each scenario(colours). The distributions for each
scenario (in colours) overlay the distribution of the null scenario (in black).

The estimated additional mortality from habitat loss and collisions due to OWFs leads to a violation of
the ALI set for the northern gannet (Morus bassanus) for all scenarios (Table 19; Figure 17). The
population abundance threshold for the northern gannet is defined as a 30% smaller population
abundance over 3 generations, approximately 46.9 years, compared to a population with no OWFs.
The probability that an OWF impact leads to population abundances lower than the population
abundance threshold equals 58.8% for the ‘Basic 2030’ scenario, 62.2% for the ‘Rekenvariant III’
scenario and 60.4% for the ‘International’ scenario. The acceptable probability is defined at 50%
(Table 8), and the scenario that considers only the OWFs that are already planned thus also exceeds
the ALI. With only casualties from habitat loss, violation of the ALI does not occur for any scenario.
Considering collision victims alone would already lead to the violation of the ALI for all scenarios.

Werkversie

38 Of 79 | Wageningen Marine Research report C070/21


graaflan
werkversie 2


Table 19. Population growth rates and ALI statistics for the northern gannet (Morus bassanus, EUring
710). 'Source’ shows the source of the OWP effect that is considered (HabLoss: Habitat loss,
Collisions: collision mortality and Total: both habitat loss and collision mortality together). Median and
5% and 95% quantiles of the population growth rate (‘Lambda’) distribution are reported. 'P impact’
represents the fraction of the distribution of Lambda that is below the threshold of a 30% smaller
population abundance compared to the median lambda of the null scenario after 3 generations, which
occurs for a Lambda of 1.002. 'P causality’ is the probability that the violation of the population
abundance threshold results from the OWF impact. 'ALI 0.5’ shows whether P causality exceeds 0.5,
the ALI threshold (see Table 8).

Null null 1.009 0.966 1.045 0.3751
Basic 2030 Collisions 0.973 0.930 1.009 0.9036 0.585 TRUE
Basic 2030 HabLoss 1.008 0.965 1.044 0.3944 0.049 FALSE
Basic 2030 Total 0.972 0.929 1.008 0.9113 0.588 TRUE

Rekenvariant II  Collisions 0.955 0.913 0.992 0.9830 0.618 TRUE
Rekenvariant II HabLoss 1.007 0.964 1.043 0.4036 0.071 FALSE
Rekenvariant 11 Total 0.953 0.912 0.990 0.9860 0.620 TRUE
Rekenvariant III  Collisions 0.951 0.908 0.987 0.9899 0.621 TRUE
Rekenvariant III HablLoss 1.007 0.964 1.043 0.4076 0.080 FALSE
Rekenvariant III Total 0.949 0.906 0.985 0.9922 0.622 TRUE
Rekenvariant I Collisions 0.958 0.915 0.994 0.9766 0.616 TRUE
Rekenvariant I HabLoss 1.007 0.964 1.043 0.4041 0.072 FALSE
Rekenvariant I Total 0.956 0.914 0.993 0.9808 0.618 TRUE
International Collisions 0.967 0.925 1.004 0.9397 0.601 TRUE
International HabLoss 1.008 0.965 1.043 0.3999 0.062 FALSE

International Total 0.966 0.924 1.002 0.9474 0.604 TRUE
4.6 Great cormorant (Phalacrocorax carbo)
4.6.1 Great cormorant habitat loss casualties and mortality
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Figure 18. Great cormorant (Phalacrocorax carbo, EUring 720) total annual habitat loss casualties per
OWF included in the national scenarios.
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Legend
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Figure 19. Great cormorant (Phalacrocorax carbo, EUring 720) total annual habitat loss casualties per
OWF included in the international scenario.

For the great cormorant, predicted casualties are overall very low. Most Dutch casualties are predicted
in the Dutch OWF areas along the coast (Figure 18). In an international context, the spatial pattern is
similar (Figure 19), with few victims in most areas and slightly more predicted victims in small areas
along the Scottish coast, one area central to the UK EEZ and along the Dutch coast. Bird density maps
of each bimonthly period and of the annual averages can be found in separate documents (Electronic
appendices E3 and E4; respectively E3_DensityMaps_19species_NATINT_period.pdf and
E4_DensityMaps_19species_NATINT_yearly.pdf).

The estimated mean number of great cormorant casualties per bimonthly period is around 1 individual
for all scenarios (Table 20). Note that there is no difference in the number of casualties between the
national scenarios. Thus, the effect of the new national OWF areas on habitat loss seems negligible as
the mean number of casualties does not increase for the scenarios with new OWF areas compared to
the scenario with the OWFs that are already planned. With the maximum estimated abundances, the
estimated numbers of casualties correspond to an additional mortality rate of 0.12% and 0.09% per
year for the national and international scenarios, respectively (Table 20). The number of casualties per
bimonthly period for the great cormorant are shown for each Dutch OWF area in Annex Table 38.

Table 20. mortality for the great cormorant (Phalacrocorax carbo, EUring 720) derived from mean
numbers of casualties per bimonthly period and maximum abundance.

Basic 2030 1 2621 0.0012462
Rekenvariant II 1 2621 0.0012462
Rekenvariant III 1 2621 0.0012462
Rekenvariant I 1 2621 0.0012462

International 1 3822 0.0009098
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4.7 Common eider (Somateria mollissima)

4.7.1 Common eider habitat loss casualties and mortality
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Figure 20. Common eider (Somateria mollissima, EUring 2060) total annual habitat loss casualties
per OWF included in the national scenarios.
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Figure 21. Common eider (Somateria mollissima, EUring 2060) total annual habitat loss casualties
per OWF included in the international scenario.
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For the common eider, predicted casualties are overall very low. Most Dutch casualties are predicted
in the Dutch OWF areas along the coast (Figure 20). In an international context, the spatial pattern is
similar (Figure 21), with few victims in most areas and slightly more predicted victims in small areas
along the southern Scottish coast, one area central to the UK EEZ and along the German and Dutch
coasts. Bird density maps of each bimonthly period and of the annual averages can be found in
separate documents (Electronic appendices E3 and E4; respectively
E3_DensityMaps_19species_NATINT_period.pdf and E4_DensityMaps_19species_NATINT_yearly.pdf).

The estimated mean number of common eider casualties per bimonthly period is around 0.7
individuals for the national scenarios and 5.7 for the international scenario (Table 21). Note that there
is no difference in the number of casualties between the national scenarios. Thus, the effect of the
new national OWF areas on habitat loss seems negligible as the mean number of casualties does not
increase for the scenarios with new OWF areas compared to the scenario with the OWFs that are
already planned. With the maximum estimated abundance the estimated number of casualties results
in an additional mortality rate for the national scenarios of 0.019% per year (Table 21). For the
international scenario the estimated additional mortality is 0.03% per year. The number of casualties
per bimonthly period for the common eider are shown for each Dutch OWF area in Annex Table 38.

Table 21. Mortality for the common eider (Somateria mollissima, EUring 2060) derived from mean
numbers of casualties per bimonthly period and maximum abundance

Basic 2030 1 22134 0.0001958
Rekenvariant II 1 22134 0.0001958
Rekenvariant III 1 22134 0.0001958
Rekenvariant 1 1 22134 0.0001958

International 6 96653 0.0003546
4.8 Common scoter (Melanitta nigra)
4.8.1 Common scoter habitat loss casualties and mortality
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Figure 22. Common scoter (Melanitta nigra, EUring 2130) total annual habitat loss casualties per
OWF included in the national scenarios.
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Legend
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Figure 23. Common scoter (Melanitta nigra, EUring 2130) total annual habitat loss casualties per
OWF included in the international scenario.

For the common scoter, predicted casualties are overall very low. Most Dutch casualties are predicted
in some Dutch OWF areas along the coast (Figure 22). In an international context, the spatial pattern
is slightly different (Figure 23), few victims are predicted in most areas and some areas have more
predicted victims, mostly central to the North Sea and at one spot along the Danish coast. Bird density
maps of each bimonthly period and of the annual averages can be found in separate documents
(Electronic appendices E3 and E4; respectively E3_DensityMaps_19species_NATINT_period.pdf and
E4_DensityMaps_19species_NATINT_yearly.pdf).

The estimated mean number of common scoter casualties per bimonthly period is around 2 individuals
for the national scenarios and 15 for the international scenario (Table 22). Note that there is no
difference in the number of casualties between the national scenarios. Thus, the effect of the new
national OWF areas on habitat loss seems negligible as the mean number of casualties does not
increase for the scenarios with new OWF areas compared to the scenario with the OWFs that are
already planned. With the maximum estimated abundance (Table 22), the estimated number of
casualties results in an additional mortality rate for the national scenarios of 0.014% per year (Table
22). For the international scenario the estimated addition mortality is 0.015% per year. The number of
casualties per bimonthly period for the common scoter are shown for each Dutch OWF area in Annex
Table 38.

Table 22. Mortality for the common scoter (Melanitta nigra, EUring 2130) derived from mean numbers
of casualties per bimonthly period and maximum abundance

Basic 2030 2 51166 0.0001382
Rekenvariant II 2 51166 0.0001382
Rekenvariant III 2 51166 0.0001382
Rekenvariant I 2 51166 0.0001382

International 15 598905 0.0001456
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4.9 Sandwich tern (Thalasseus sandvicensis)

4.9.1 Sandwich tern habitat loss casualties and mortality
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Figure 24. Sandwich tern (Thalasseus sandvicensis, EUring 6110) total annual habitat loss casualties
per OWF included in the national scenarios.
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Figure 25. Sandwich tern (Thalasseus sandvicensis, EUring 6110) total annual habitat loss casualties
per OWF included in the international scenario.

For the sandwich tern, most Dutch casualties are predicted in the Dutch OWF areas along the coast
(Figure 24), but also in some of the areas further from the coast, such as “IIJmuiden Ver” (OWF -
bw6), “Zoekgebied 5 Oost” (OWF - 2630) and “Hollandse Kust Noord” (OWF - 15). The international
map shows a similar pattern, with few casualties predicted in international waters except for some
areas along the UK and Belgian coasts (Figure 25). Bird density maps of each bimonthly period and
of the annual averages can be found in separate documents (Electronic appendices E3 and E4;
respectively E3_DensityMaps_19species_NATINT_period.pdf and
E4_DensityMaps_19species_NATINT_yearly.pdf).

The number of sandwich tern casualties from both habitat loss (this study) and collision risk (Potiek et
al., 2021b) are presented in Table 23. There are on average in between 9 and 12 casualties per
bimonthly period from both habitat loss and collisions for the national scenarios, with most casualties
in the ‘Rekenvariant III’ scenario. The average estimate for the international scenario is 19 casualties
per two months, of which 58% are collision victims. The number of casualties from habitat loss per
bimonthly period for the sandwich tern are shown for each Dutch OWF area in Annex Table 38.

The estimated maximum abundance used for the national scenarios equals 22,603 individuals, which
leads to an estimated additional mortality rate in between 0.23% (*Basic 2030") and 0.30%
(‘Rekenvariant III") per year, for both habitat loss and collision risk (Table 23). The international
scenario uses maximum abundance of 25,882 individuals, which results in an estimated additional
mortality of 0.43% per year. From Table 23 it can be seen that the additional OWF mortality is only
applied to the adult life stages 4;, and A4p, which share survival parameter S,. Survival of the
immature life stages (age 0 - 2) is unaffected by OWF-induced mortality in the geographical context
of the southern North Sea.
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Table 23. Juvenile (S0), immature (S12) and adult (SA) mortality (mort) and survival values for the sandwich tern (Thalasseus sandvicensis, EUring 6110) derived from mean
numbers of casualties per bimonthly period and max abundance due to habitat loss (this study) and collision mortality (taken from Potiek et al., 2021b). Mortality source’ shows
the source of the mortality that is considered (HabLoss: Habitat loss, Collisions: collision mortality and Total: both habitat loss and collision mortality together). Note that the SO
and S12 survival do not change and were therefore not included in the table.

Null Null 0.94200

Basic 2030 Collisions 6 22603 0.00142 0 0 0.00142 0.94058
Basic 2030 HabLoss 4 22603 0.00091 0 0 0.00091 0.94109
Basic 2030 Total 9 22603 0.00233 0 0 0.00233 0.93967
Rekenvariant II Collisions 7 22603 0.00176 0 0 0.00176 0.94024
Rekenvariant II HabLoss 5 22603 0.00119 0 0 0.00119 0.94081
Rekenvariant II Total 12 22603 0.00294 0 0 0.00294 0.93906
Rekenvariant III Collisions 7 22603 0.00183 0 0 0.00183 0.94017
Rekenvariant III HabLoss 5 22603 0.00122 0 0 0.00122 0.94078
Rekenvariant III Total 12 22603 0.00304 0 0 0.00304 0.93896
Rekenvariant I Collisions 7 22603 0.00176 0 0 0.00176 0.94024
Rekenvariant I HabLoss 5 22603 0.00119 0 0 0.00119 0.94081
Rekenvariant I Total 12 22603 0.00294 0 0 0.00294 0.93906
International Collisions 11 25882 0.00249 0 0 0.00249 0.93951
International HabLoss 8 25882 0.00178 0 0 0.00178 0.94022
International Total 19 25882 0.00427 0 0 0.00427 0.93773
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4.9.2 Sandwich tern population level effects
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Figure 26. Distribution of population growth rate of the sandwich tern (Thalasseus sandvicensis,
EUring 6110) for the different scenarios. Vertical lines indicate the median population growth rates of
the ALI threshold (red), the null scenario (black) and each scenario(colours). The distributions for each
scenario (in colours) overlay the distribution of the null scenario (in black).

The estimated additional mortality from habitat loss and collision mortality due to OWFs does not lead
to a violation of the ALI set for the sandwich tern. Median population growth rates estimated for the
national scenarios range between 1.040 and 1.043 (Table 24). Population growth rates estimated for
all scenarios are similar to the null scenario (Figure 26). The probability that a violation of the
population abundance threshold results from an OWF-induced impact ranges between 3.7 to 4.1% for
the national scenarios and equals 5.7% for the international scenario (Table 24).

Table 24. Population growth rate and ALI statistics for the sandwich tern (Thalasseus sandvicensis,
EUring 6110). Source’ shows the source of the OWP effect that is considered (HabLoss: Habitat loss,
Collisions: collision mortality and Total: both habitat loss and collision mortality together). Median and
5% and 95% quantiles of the population growth rate (‘Lambda’) distribution are reported. 'P impact’
represents the fraction of the distribution of Lambda that is below the threshold of a 30% smaller
population abundance compared to the median lambda of the null scenario after 3 generations, which
occurs for a Lambda of 1.037. 'P causality’ is the probability that the violation of the population
abundance threshold results from the OWF impact. 'ALI 0.5’ shows whether P causality exceeds 0.5,
the ALI threshold (see Table 8).

Null null 1.044 0.805 1.118 0.4436

Basic 2030 Collisions 1.043 0.805 1.117 0.4530 0.021 FALSE
Basic 2030 HabLoss 1.043 0.798 1.118 0.4512 0.017 FALSE
Basic 2030 Total 1.041 0.801 1.117 0.4610 0.038 FALSE
Rekenvariant II Collisions 1.042 0.803 1.117 0.4561 0.027 FALSE
Rekenvariant II HabLoss 1.043 0.802 1.117 0.4528 0.020 FALSE
Rekenvariant II Total 1.041 0.804 1.117 0.4628 0.041 FALSE
Rekenvariant III Collisions 1.042 0.803 1.117 0.4566 0.028 FALSE
Rekenvariant III HabLoss 1.042 0.801 1.117 0.4535 0.022 FALSE
Rekenvariant III Total 1.042 0.803 1.117 0.4609 0.037 FALSE
Rekenvariant I Collisions 1.042 0.803 1.117 0.4538 0.022 FALSE
Rekenvariant I HabLoss 1.043 0.803 1.118 0.4521 0.019 FALSE
Rekenvariant I Total 1.042 0.804 1.117 0.4606 0.037 FALSE
International Collisions 1.042 0.805 1.117 0.4596 0.035 FALSE
International HabLoss 1.042 0.802 1.118 0.4549 0.025 FALSE
International Total 1.040 0.800 1.116 0.4703 0.057 FALSE
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4.10 Common guillemot (Uria aalge)

4.10.1 Common guillemot habitat loss casualties and mortality
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Figure 27. Common guillemot (Uria aalge, EUring 6340) total annual habitat loss casualties per OWF
included in the national scenarios.
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Figure 28. Common guillemot (Uria aalge, EUring 6340) total annual habitat loss casualties per OWF
included in the international scenario.
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For the common guillemot, most Dutch casualties are predicted in the OWF areas far from the coast
(Figure 27). The international map shows most casualties in OWF areas inside the UK EEZ (Figure 28).
Bird density maps of each bimonthly period and of the annual averages can be found in separate
documents (Electronic appendices E3 and E4; respectively
E3_DensityMaps_19species_NATINT_period.pdf and E4_DensityMaps_19species_NATINT_yearly.pdf).

The estimated mean number of common guillemot casualties per bimonthly period for the national
scenarios varies between 99 and 237 and is highest for the ‘Rekenvariant III' scenario (Table 25).
Using a maximum estimated abundance of 227,587 individuals this corresponds to an additional
annual mortality of 0.2% - 0.6% (Table 25). For the international scenario there are on average 2359
casualties per bimonthly period, corresponding to an additional annual mortality of 0.8%. The number
of casualties per bimonthly period for the common guillemot are shown for each Dutch OWF area in
Annex Table 38.
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Table 25. Juvenile (S0), Immature (S1, S2) and adult (SA) mortality (mort) and survival values for the common guillemot (Uria aalge, EUring 6340) derived from mean
numbers of casualties per bimonthly period and max abundance

Null 0.60800 0.77400 0.85800 0.94900

Basic 2030 99 227587 0.00258  0.00258  0.00258 0.00258  0.00258 0.60542 0.77142 0.85542 0.94642
Rekenvariant II 186 227587 0.00488 0.00488 0.00488 0.00488 0.00488 0.60312 0.76912 0.85312 0.94412
Rekenvariant III 237 227587 0.00622  0.00622  0.00622  0.00622  0.00622 0.60178 0.76778 0.85178 0.94278
Rekenvariant I 171 227587 0.00448  0.00448 0.00448 0.00448  0.00448 0.60352 0.76952 0.85352 0.94452
International 2359 1677205 0.00841 0.00841 0.00841  0.00841 0.00841 0.59959 0.76559 0.84959 0.94059
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4.10.2 Common guillemot population-level effects

The estimated additional mortality from habitat loss due to OWFs does not lead to a violation of the
ALI set for the common guillemot. Median population growth rates estimated for the national scenarios
range between 1.036 and 1.041 (Table 26). Population growth rates estimated for all scenarios are
slightly different from the null scenario (Figure 29). The probability that a violation of the population
abundance threshold results from an OWF-induced impact ranges between 6.6% to 15% for the
national scenarios and equals 18.9% for the international scenario (Table 26).

Table 26. Population growth rates and ALI statistics for the common guillemot (Uria aalge, EUring
6340). Median and 5% and 95% quantiles of the population growth rate (‘Lambda’) distribution are
reported. 'P impact’ represents the fraction of the distribution of Lambda that is below the threshold of
a 30% smaller population abundance compared to the median lambda of the null scenario after 3
generations, which occurs for a Lambda of 1.038. 'P causality’ is the probability that the violation of
the population abundance threshold results from the OWF impact. 'ALI 0.5 shows whether P causality
exceeds 0.5, the ALI threshold (see Table 8).

Null 1.044 0.948 1.099 0.4405
Basic 2030 1.041 0.945 1.096 0.4716 0.066 FALSE
Rekenvariant 11 1.037 0.942 1.094 0.5019 0.122 FALSE
Rekenvariant III 1.036 0.942 1.092 0.5184 0.150 FALSE
Rekenvariant I 1.038 0.944 1.094 0.4949 0.110 FALSE
International 1.033 0.939 1.090 0.5428 0.189 FALSE
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Figure 29. Distribution of population growth rates of the common guillemot (Uria aalge, EUring 6340)
for the different scenarios. Vertical lines indicate the median population growth rates of the ALI
threshold (red), the null scenario (black) and each scenario(colours). The distributions for each
scenario (in colours) overlay the distribution of the null scenario (in black).
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4.11  Razorbill (Alca torda)

4.11.1 Razorbill habitat loss casualties and mortality
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Figure 30. Razorbill (Alca torda, EUring 6360) total annual habitat loss casualties per OWF included in
the national scenarios.
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Figure 31. Razorbill (Alca torda, EUring 6360) total annual habitat loss casualties per OWF included in

of the international scenario. .
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For the razorbill, most Dutch casualties are predicted in the OWF areas far from the coast (Figure
30). The international map shows most casualties in OWF areas inside the UK EEZ but inside the
Dutch OWF areas in the central North Sea medium to high numbers of razorbill casualties are also
predicted (Figure 31). Bird density maps of each bimonthly period and of the annual averages can be
found in separate documents (Electronic appendices E3 and E4; respectively
E3_DensityMaps_19species_NATINT_period.pdf and E4_DensityMaps_19species_NATINT_yearly.pdf).

The estimated mean number of razorbill casualties per bimonthly period for the national scenarios
varies between 28 and 62 and is highest for the ‘Rekenvariant III' scenario (Table 27). Using a
maximum estimated abundance of 61,669 individuals this corresponds to an additional annual
mortality of 0.2% - 0.6% (Table 27). For the international scenario there are on average 435
casualties per two month period, on an estimated maximum abundance of 227,439 individuals. This
corresponds to an additional annual mortality of 1.1%. The number of casualties per bimonthly period
for the razorbill are shown for each Dutch OWF area in Annex Table 38.

Table 27. Immature (S01) and adult (SA) mortality (mort) and survival values for the razorbill (Alca
torda, EUring 6360) derived from mean numbers of casualties per bimonthly period and max
abundance

Null 0.64300  0.90900

Basic 2030 28 61669 0.00267 0.00267 0.00267 0.64033  0.90633

Rekenvariant II 55 61669 0.00524  0.00524 0.00524 0.63776  0.90376

Rekenvariant III 62 61669 0.00602  0.00602 0.00602 0.63698  0.90298

Rekenvariant I 51 61669 0.00487 0.00487 0.00487 0.63813  0.90413

International 435 227439 0.01142 0.01142 0.01142 0.63158 0.89758
4.11.2 Razorbill population level effects

The estimated additional mortality from habitat loss due to OWFs does not lead to a violation of the
ALI set for the razorbill. Median population growth rates estimated for the national scenarios range
between 0.999 and 1.003 (Table 28) and equals 0.992 for the international scenario. The probability
that a violation of the population abundance threshold results from an OWF-induced impact ranges
between 4% - 9% for the national scenarios and equals 16.3% for the international scenario (Table
28). Population growth rates estimated for all scenarios are slightly different from the null scenario
(Figure 32).

Table 28: Population growth rates and ALI statistics for the razorbill (Alca torda, EUring 6360). Median
and 5% and 95% quantiles of the population growth rate (‘Lambda’) distribution are reported. 'P
impact’ represents the fraction of the distribution of Lambda that is below the threshold of a 30%
smaller population abundance compared to the median lambda of the null scenario after 3
generations, which occurs for a Lambda of 0.998. 'P causality’ is the probability that the violation of
the population abundance threshold results from the OWF impact. 'ALI 0.5’ shows whether P causality
exceeds 0.5, the ALI threshold (see Table 8).

Null 1.007 0.858 1.082 0.4526
Basic 2030 1.003 0.855 1.079 0.4714 0.040 FALSE
Rekenvariant II 0.999 0.852 1.077 0.4955 0.086 FALSE
Rekenvariant III 0.999 0.851 1.076 0.4985 0.092 FALSE
Rekenvariant I 1.000 0.851 1.077 0.4886 0.074 FALSE
International 0.992 0.847 1.071 0.5409 0.163 FALSE
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Figure 32. Distribution of population growth rates of the razorbill (Alca torda, EUring 6360) for the
different scenarios. Vertical lines indicate the median population growth rates of the ALI threshold
(red), the null scenario (black) and each scenario(colours). The distributions for each scenario (in
colours) overlay the distribution of the null scenario (in black).

4.12  Atlantic puffin (Fratercula arctica)

4.12.1 Atlantic puffin habitat loss casualties and mortality
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Figure 33. Atlantic puffin (Fratercula arctica, EUring 6540) total annual habitat loss casualties per
OWF included in the national scenarios.
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Figure 34. Atlantic puffin (Fratercula arctica, EUring 6540) total annual habitat loss casualties per
OWF included in the international scenario.

For the Atlantic puffin, most Dutch casualties are predicted in the areas further away from the coast
(Figure 33). The international map predicts few casualties in Dutch OWF areas and most in the OWF
areas along the Scottish coast (Figure 34). Bird density maps of each bimonthly period and of the
annual averages can be found in separate documents (Electronic appendices E3 and E4; respectively
E3_DensityMaps_19species_NATINT_period.pdf and E4_DensityMaps_19species_NATINT_yearly.pdf).

The estimated mean number of Atlantic puffin casualties per bimonthly period for the national
scenarios varies between 1 and 2 and is highest for the ‘Rekenvariant III’ scenario (Table 29). Using a
maximum estimated abundance of 2,215 individuals this corresponds to an additional annual mortality
between 0.14% - 0.29% (Table 29). For the international scenario there are on average 118
casualties per two month period, on an estimated maximum abundance of 231,775 individuals. This
corresponds to an additional annual mortality of 0.3%. The number of casualties per bimonthly period
for the Atlantic puffin are shown for each Dutch OWF area in Annex Table 38.
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Table 29. Immature (S03) and adult (S4, S5 and SA) mortality (mort) and survival values for the Atlantic puffin (Fratercula arctica, EUring 6540) derived from mean numbers of
casualties per bimonthly period and max abundance.

null 0.71000 0.78000 0.80000 0.93000

Basic 2030 1 2215 0.00144 0.00144 0.00144 0.00144 0.00144 0.70856 0.77856 0.79856 0.92856
Rekenvariant II 1 2215 0.00228 0.00228 0.00228 0.00228 0.00228 0.70772 0.77772 0.79772 0.92772
Rekenvariant III 2 2215 0.00299 0.00299 0.00299 0.00299 0.00299 0.70701 0.77701 0.79701 0.92701
Rekenvariant I 1 2215 0.00217 0.00217 0.00217 0.00217 0.00217 0.70783 0.77783 0.79783 0.92783
International 118 231775 0.00305 0.00305 0.00305 0.00305 0.00305 0.70695 0.77695 0.79695 0.92695
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4.12.2 Atlantic puffin population level effects

The estimated additional mortality from habitat loss due to OWFs does not lead to a violation of the
ALI set for the Atlantic puffin. Median population growth rates estimated for the national scenarios
range between 0.998 and 1.000 (Table 30) and equals 0.998 for the international scenario. The
probability that a violation of the population abundance threshold results from an OWF-induced impact
ranges between 2.9% - 6.2% for the national scenarios and equals 6.1% for the international scenario
(Table 30). Population growth rates estimated for all scenarios are similar to the null scenario (Figure
35).

Table 30. Population growth rate and ALI statistics for the Atlantic puffin (Fratercula arctica, EUring
6540). Median and 5% and 95% quantiles of the population growth rate (‘Lambda’) distribution are
reported. 'P impact’ represents the fraction of the distribution of Lambda that is below the threshold of
a 15% smaller population abundance compared to the median lambda of the null scenario after 3
generations, which occurs for a Lambda of 0.998. 'P causality’ is the probability that the violation of
the population abundance threshold results from the OWF impact. 'ALI 0.1’ shows whether P causality
exceeds 0.1, the ALI threshold (see Table 8).

Null 1.001 0.892 1.073 0.4758
Basic 2030 1.000 0.891 1.071 0.4900 0.029 FALSE
Rekenvariant II 0.999 0.889 1.070 0.4977 0.044 FALSE
Rekenvariant III 0.998 0.889 1.069 0.5072 0.062 FALSE
Rekenvariant I 0.999 0.889 1.070 0.4951 0.039 FALSE
International 0.998 0.888 1.069 0.5068 0.061 FALSE
Basic 2030 International Rekenvariant |
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Figure 35. Distribution of population growth rates of the Atlantic puffin (Fratercula arctica, EUring
6540) for the different scenarios. Vertical lines indicate the median population growth rates of the ALI
threshold (red), the null scenario (black) and each scenario(colours). The distributions for each
scenario (in colours) overlay the distribution of the null scenario (in black).
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5 Quality Assurance

Wageningen Marine Research utilises an ISO 9001:2015 certified quality management system. This
certificate is valid until 15 December 2021. The organisation has been certified since 27 February

2001. The certification was issued by DNV GL.
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Annex 1  Population models

Diver sp. (Gavia sp.)

The matrix model for the diver sp. is based on the red-throated diver Gavia stellata and contains three
life stages; a juvenile stage J,; (age 0 and 1), a pre-breeding adult stage A, (age 2) and a breeding
adult stage 4 (age 3+). This subdivision was based on the available data on survival, which was
estimated for individuals at age 0, age 1 and age 3+. Because reproduction starts at age 3 (Horswill &
Robinson, 2015), we include a pre-breeding adult stage for individuals with age 2. Survival and
transitions between stages during the non-breeding season are described by the winter transition
matrix A, ¢s

5(1-5)) 0 0\

| (1_512) |
AW,GS = 5]2(1—51) 0 0 . )]
(1-57)
0 Sq S,

With annual survival of juveniles S;, and survival of pre-breeding and breeding adults S,.
A fraction of the adults produce offspring during the breeding season. Reproduction is modelled by the

summer transition matrix Agss:
1 0 F(-P)
Aggs = <0 1 0 ) (®
0 0 1
Adults produce F, female offspring (number of fledged female chicks per female). The probability that

a female skips reproduction during the breeding season equals Pg.
The annual projection matrix is calculated as Ags = Ay, ¢s - Asgs, Which results in:

5(1-5) _ (1-5)
=59 ° MRSy
Ass=|5S52(1-5) . (1-5) | (9
i-s9 ° PO
0 Sa S,

Diver parameter values

Parameter values for the diver are listed in Table 31. The value of F, is an average from various
sources, weighted by the number of years covered and includes data from Finland (EkI6f & Koskimies,
2018), Sweden (Eriksson, 2012) and an overall UK estimate reported by Horswill & Robinson (2015).
There is no information on the probability of skipping reproduction (P:) for the red-throated diver.
Based on the range of estimates for other seabirds we adopt a value of 0.05. The standard deviation
for Py is derived from the range rule using the range 0.0 - 0.5. The mean for juvenile survival (S;) is
an average of the values for age 0 (0.6) and age 1 (0.62) as reported by Hemmingsson & Eriksson
(2002). The standard deviation was calculated from these two values, which probably results in an
underestimate of the true variation in this parameter. Hemmingsson & Eriksson (2002) also report a
survival estimate of individuals of age 3 years and older (0.84). This value was combined with the
estimate of Schmutz (2014) for adults birds in Alaska, who also reports a the standard deviation for
adult survival.
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Table 31. Default parameter values for red-throated diver (Gavia stellata).

Fy 0.381 # [/ year 0.0905 fledged female Data from Sweden and UK 52 1, 2,3,
offspring 4,7

Pp 0.05 - 0.125 skipped breeding SD based on range rule - -
probability

Sy 0.61 - 0.0141 annual survival Based on two estimates 17 5
probability age 0-1  from Sweden

Sa 0.861 - 0.132 annual survival Based on estimate from 23 5,6
probability adults Sweden (5) and Alaska
age 2+ (6)

am 3 years - age at recruitment 7

(Eriksson, 2012), 2(EkIof & Koskimies, 2018), 3(Gomersall, 1986), *(Booth, 1999), >(Hemmingsson &
Eriksson, 2002), 8(Schmutz, 2014), 7(Horswill & Robinson, 2015)

Northern gannet (Morus bassanus)

The matrix model for the northern gannet (Morus bassanus) is composed of a juvenile stage: J, (age
0), three immature stages: I, (age 1), I, (age 2) and I; (age 3), a pre-breeding adult stage: 4, (age
4), and a breeding adult stage Ag (age 5+). The juvenile and immature stages have different survival
probabilities (S,, Sy, S, and S3), while the survival probability of pre-breeding adults equals that of
breeding adults (S,). Survival and transitions between stages during the non-breeding season are
described by the winter transition matrix Ay msp:

0 0 0 0 0
So 00 0 0 0
o s, 0 0 0 o0
Awmbi=| 09 0 s, 0 0 0 (10)
0 0 0 S 0 0
0 0 0 0 S, S,

Adult females produce offspring during the breeding season. Only part of the females reproduce and
parameter P, equals the probability of not reproducing. Because maximal clutch size of northern
gannets is 1 egg (Wanless et al., 2006), the breeding success parameter F, describes the number of
fledged chicks of both sexes per female individual. Reproduction is modelled by the summer transition
matrix Agup:

F,
100 0 0 7A(1—PF)
01 0 0 O 0
Agup:=10 0 1 0 0 0 . (11)
00 0 1 0 0
00 0 0 1 0
0 0 0 0 O 1
The annual projection matrix is calculated as Ay, = Ay mp - Asmp
0O 0 0 0 O 0
F,
S, 00 0 0 7“(1 - PF)SO\
Aw,=|0 S 0 0 0 0 [. (12)
0 0 S, 0 0 0
0 0 0 S; O 0
0 0 0 0 S, S,

The reproduction term (SO%A(l — Pp)) correctly appears in the second row of A,,, because population
census occurs just after the yearling individuals have turned 1 year old.

Northern gannet parameter values

There are a number of reports of life-history parameters for this species. Horswill & Robinson (2015)
report a UK-wide average for the breeding parameter F,, which was adopted here (Table 32). Because
there are no data on probability of skipping reproduction, we adopted the same value for P as for the
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red-throated diver (Table 31). Annual survival probabilities for the juvenile and immature stages were
taken from Wanless et al. (2006), who report values derived from colonies at Bass Rock, Hermaness,

Ailsa Craig and Great Saltee (UK and Ireland). For these colonies, Wanless et al. (2006) also report a

value for adult survival, which was complemented with a more recent estimate from Bass Rock (Lane

et al., 2020) and an adult survival estimate from Grassholm, Wales (Deakin et al., 2019).

Table 32. Northern gannet life-history parameters

F, 0.7 0.082 #/ Fledged number of offspring National average UK >90 1
year per female
Pr 0.05 0.125 - Skipped breeding probability SD based on range
rule

So 0.481 0.0853 - Annual survival probability age 43 2
0

S: 0.816 0.0393 - Annual survival probability age 43 2
1

S, 0.884 0.0293 - Annual survival probability age 43 2
2

Ss 0.887 0.0301 - Annual survival probability age 43 2
3

Sa 0.918 0.0199 - Adult annual survival 101 2,3,4
probability

Agm 5 Years Age at recruitment 1

!(Horswill & Robinson, 2015); ?(Wanless et al., 2006); 3 (Lane et al., 2020); 4(Deakin et al., 2019)

Sandwich tern (Thalasseus sandvicensis)

The matrix model for the sandwich tern (Thalasseus sandvicensis) is composed of a juvenile stage J,
(age 0), an immature stage J;, (age 1 and 2), a young adult stage 45, (age 3 and 4) and an old adult
stage 4; (age 5+). Immature individuals of age one and two years old are grouped into a single stage,
because estimated mortality rates are identical for these ages. Recruitment in the sandwich tern
occurs at age 3 (Van der Jeugd et al., 2014). Because adults aged 3 and 4 years have a significantly
lower breeding success than older indiyigluals (Vgen, 1977), we defing an additional adult class for
these ages. Survival and transitions b Igg/eeﬁét]agecszauring t5\e non—rg??eding season are described by
the winter transition matrix A, rs: | (1= 55,7

Ayrs = | 0 5122(1 —S12)  Sa(1—=15,) 0

(13)
With survival of juveniles S,, survival !Efimm@tmészzs)lz and susviVal of;dults Sy

Part of the females produce offspring l,U”iI’lg the(preedinﬁﬂzs@aso%) R§E oduction is modelled by the

aps . 2
summer transition matrix Agrs: 1-5,

1 0 03F,(1—-Py) F(1-P)
_(0 1 0 0
As,Ts_ 0 0 1 0 . (14‘)
0 0 0 1

Sandwich terns brood size varies between 1-2 eggs per brood. The breeding success parameter F,
therefore represents number of female offspring per year. Breeding success of young females equals
0.3 times the breeding success of older females (Veen, 1977). Note that this parameter is hard coded
and hence does not vary between different stochastic realization of the summer transition matrix. The
probability that an adult female skips reproduction equals P for both young and old females.

The annual projection matrix is calculated as Ay = Ay, 75 " Asrs, With
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(4 50290 s \
|%-&@_1% mau—mmo&u—mm”
12
!0 51(2 1- 51)2) %(1_5;4)) 0 ! (15)
1— 5,2 1-5,
k 54°(1—S,) )
(1-54°)

Sandwich tern parameter values

The parameter values for the sandwich tern (Table 33) are based on studies of sandwich tern colonies
in the Netherlands. The value for the breeding success parameter (F,) is based on 82 years of data in
total, from 7 different studies (Table 33). There is no information on the probability of skipping
reproduction for the sandwich tern. Van Kooten et al. (2019) used values for P of 0.05, 0.1 and 0.2
and here we adopt their median value of 0.1. The standard deviation for P is derived from the range
rule by assuming a range of 0 to 0.5 for this parameter. The incidence of skipped breeding is equal for
both adult stages. Survival probabilities are based on studies of Van der Jeugd et al. (2014) and
recent data from Schekkerman et al. (2021).

Table 33. Default parameter values sandwich tern

F, 0.325 0.160 # [/ year Fledged female offspring 82 1-7

Pr 0.1 0.125 - Skipped breeding probability, all
adult stages

So 0.508 0.0917 - Annual survival probability 51 7
juveniles, age 0

Si2 0.777 0.0518 - Annual survival probability 51 1,7
immatures, age 1 and 2

Su 0.942 0.108 - Annual survival probability 51 1,7

adults, age 3+
Arm 3 - Years Age at maturation 7
!(Schekkerman et al., 2021) ?(Derks & De Kraker, 2005); 3(Koffijberg et al., 2017); *(Beijersbergen, 2001)
5(Veen, 1977) ¢(Stienen & Brenninkmeijer, 1992) ; 7(Van der Jeugd et al., 2014).

Razorbill (Alca torda)

The matrix model for the razorbill (Alca torda) is composed of a juvenile stage J,; (age 0 and 1), a

pre-breeding adult stage 4,5, (age 2 to 4) and a breeding adult stage Az (age 5+). Both pre-breeding
and breeding adults have the same survival probability S,, which differs from the survival of juveniles
Se1- Survival and transitions between stages during the non-breeding season are described by winter

transition matrix Ay 4.:
So1(1 =S,
01( ;)1) 0 0
(1-501%)

_|%fu—%o (1-54%) |

Aot =\ T055,7) (1=s0) )

(16)

0 3 (1 SA)
P -s0)

A fraction P of the breeding adult females skip reproduction each year. Females that do reproduce lay
one egg and produce F, chicks each year. Reproduction during the breeding season is modelled by the
summer transition matrix Ag4,:

10 %(1—1})
sAt = 0 1 0
0 0 1

A @17)
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The annual projection matrix is calculated as Ay = Ay a¢ - Asae, Which leads to

501(1 - 501) FA 501(1 - 501)
| (=502 0 PR carNey
| S0 2@ =S0)  _ (1-54°) F, So1(1 — So1)
M ey 20T T sy o
3 (1_SA)
0 A (1_SA3) SA

Razorbill parameter values

Parameter values for the razorbill (Table 34) were taken from various studies on colonies in the UK
and Ireland. The mean value of the breeding success parameter F, is based on 85 years of data from 7
different colonies. Horswill & Robinson (2015) report an estimate of only 3% for the incidence of
missed breeding from a study by Harris & Wanless (1989). We used this value as mean for parameter
Pp, because it is based on species-specific observations. We calculated the SD for this parameter from
the range rule using a range of 0 - 0.5.

Values of immature survival S,; are based on colonies at Skokholm, Wales (Lloyd & Perrins, 1977) and
in the Britain and Irish Sea (Lloyd, 1974). Values for adult survival are based on 4 colonies around the
UK, and 1 colony at Horngya, Norway (Sandvik et al., 2005).

Table 34. Default parameter values razorbill

F, 0.550 0.138 #/ Fledged chicks per year 85 1-4
year

Py 0.03 0.125 - Skipped breeding SD based on range rule with - 5
probability, all adult range 0 - 0.5.
stages

So1 0.643 0.048 - Annual survival 21 6,7
probability age 0 and 1

Su 0.909 0.0678 - Adult annual survival 97 4,7-10
probability

Agrm 5 - Years Age at recruitment

!(Mavor et al., 2008); 2(Shaw, 2012); 3(Newell et al., 2013); 4(Stubbings et al., 2018); >(Harris & Wanless,
1989); ¢(Lloyd 1974); 7(Lloyd & Perrins, 1977), 8(Sandvik et al., 2005); °(St. John Glew et al., 2019);
0(Lavers et al., 2008).

Common guillemot (Uria aalge)

The matrix model for the common guillemot (Uria aalge) is composed of three juvenile life stages; J,
(age 0), J; (age 1) and J, (age 2), a pre-breeding adult life stage (age 3-5) and a breeding adult life
stage A (age 6+). Each juvenile life stage has its own survival parameter, S,, S; and S,. Pre-breeding
and breeding adult have survival probability S,. Survival and transitions between stages during the
non-breeding season are described by winter transition matrix Ay, y,:

0 0 0 0 0
/50 0 0 0 0\
0 S 0 0 0
S,(1-5,2
Avwa=|0 0 S, A(—ﬁj) o[ (19)
(1-54%)
S3(1-¢
0 0 0 Lg‘q) S,
(1-5.°)

A fraction P; of the breeding adult females skip reproduction each year. Because the maximum clutch
size is one egg, the breeding success parameter F, represents the number of fledged chicks per
breeding female. Reproduction during the breeding season is modelled by the summer transition
matriX Agyq:
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/1 00 0 —A(l—PF)\
1o 1 0 0 0 |
Asva=lo o 1 0 0 ' (20)
0 0 0 1 0
0 0 0 O 1
The annual projection matrix is calculated as Ay, = Ay yq " Aspa, Which leads to
0 0 O 0 0
Fy
Se 0 0 0 ?(1 — Pr)So
| 0 S, O 0 0 |
— 2
Ayq = Sa(1=54%) 2D
0 0 S, 3" 0
(1-54%)
S32(1-5
0 0 0 Lg‘a S,
(1-54°)

Common guillemot parameter values

Parameter values for the common guillemot are reported in Table 35. There are numerous studies that
report life-history parameters for this species. Mean and standard deviation for breeding success
parameter F, were obtained from five studies covered a total of 194 years of data. The mean and
standard deviation for P, are based on a single study of birds from the Isle of May, Scotland covering
33 years (Reed et al., 2015). Survival probabilities were derived from birds at Skomer, Wales and the
Isle of May and Canna Isles, Scotland. Sandvik et al. (2005) also report values for adult survival from
birds at Horngya, Norway.

Table 35. Default parameter values common guillemot

F, 0.664 0.149 #/ fledged offspring  area specific 194 1-5
year estimates (UK),
available
Pr 0.07 0.03 - skipped breeding SD based on range 33 6
probability rule using range
0.02-0.14
So 0.608 0.132 - annual survival 68 7,10
probability age 0
Sy 0.774 0.112 - annual survival 64 7,8,10
probability age 1
S, 0.858 0.0736 - annual survival 64 7,8,10
probability age 2
Su 0.949 0.0447 - annual survival 7-10
probability adults
age 3+
ayy 6 - Years age at 1

recruitment
1 (Mavor et al., 2008); ?(Newell et al., 2013); 3(Harris et al., 2020); “(Shaw, 2012) ° (Meade et al., 2013)
5(Reed et al., 2015); 7(Reynolds et al., 2011); & (Harris et al., 2007); ° (Sandvik et al., 2005 p. 200);
0(Meade et al., 2013)

Northern fulmar (Fulmarus glacialis)

The matrix model for the northern fulmar (Fu/lmarus glacialis) is composed of a juvenile stage J, a pre-
breeding adult stage 4,5 and a breeding adult life stage 4;. The ages that correspond to each life
stage depend on the duration (in years) of the juvenile and pre-breeding adult life stages, which are
parameters in northern fulmar matrix model. Survival rates of juveniles (s;) differ from survival of pre-
breeding and breeding adults (S,). Survival and transitions between stages during the non-breeding
season are described by winter transition matrix Ay r,:
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$(1-5"7")

0 0
(1-5")
_| sMa-s) (@-st)
Awrg = (1_—5]1\,]) Sa (1 — NPB) 0 |. (16)
(1-5,)
0 SANPB (1 — I:PB)

Here, N, represents the number of juvenile age classes and Np; is the number of pre-breeding age
classes. Note that these parameters can only take whole numbers (integer values).

A fraction P of the breeding adult females skip reproduction each year. Because females only lay a
single egg, the breeding success parameter F, represents the number of fledged chicks per breeding
female per year. Reproduction during the breeding season is modelled by the summer transition
matrix Agpg:

F,
10 7“(1 —P)
As,Fg = 0 1 0 (17)
0 0 1
The annual projection matrix is calculated as Apg = Ay rq * Asrg, Which leads to
s(1-sMNt F S(1-sM1
)( /N ) 0 Aa-py )( ]N )
(1-5") 2 (1-5")
sN(1-S 1—8,Neet F sN(1-S8
Fg: ] ( N]) ( 7 ) —A(I—PF) ] ( N/) . (16)
-5 7 a-s") (1-5")
(1-54)
N
0 Sa ”m Sa

Northern fulmar parameter values

Parameter values for the northern fulmar are reported in Table 36. Mean and standard deviation for
breeding success parameter F, were obtained from five studies of four different Island around the UK
that covered 108 years of data in total. The mean and standard deviation for P, are based on a single
study of birds from Eynhallow, Orkney Islands, Scotland covering 36 years (Thompson & Ollason,
2001). Juvenile survival was calculated from survival across the immature years of the southern
fulmar at Ile des Pétrels, Antarctica. Jenouvrier et al. (2003) report a survival probability across age 0
to 11 of 0.26, which corresponds to an annual survival of 0.884. Female age at first breeding is at
least 10 years (Ollason & Dunnet, 1978) and we assumed that during six of those years individuals
experience juvenile mortality rates, while the remaining four years they experience adult mortality
rates. Like the matrix models for the other species, we do not consider variation in the length of the
juvenile and the pre-breeding adult stage.

72 Of 79 | Wageningen Marine Research report C070/21



Table 36. Default parameter values northern fulmar

E, 0.42 0.13 #/ fledged offspring 108 1-5
year

Pr 0.304 0.113 - skipped breeding 36 6
probability

S 0.884 0.054 - annual survival Southern fulmar 39 7
probability
juveniles

Sa 0.936 0.055 - annual survival 34 8

probability adults

N, 6 - Years  Number of No variation was
juvenile ages considered for
this parameter

Npg 4 - Years Number of pre- No variation was
breeding adult considered for
ages this parameter
ag 10 - Years Female age at 9

first breeding

!(Lewis et al., 2009); ?(Newell et al., 2013); 3(Newell et al., 2016); 4(Stubbings et al., 2018) >(Shaw et
al., 2002); ®(Thompson & Ollason, 2001); ’(Jenouvrier et al., 2003); 8(Grosbois & Thompson, 2005);
°(Ollason & Dunnet, 1978)

Atlantic puffin (Fratercula arctica)

The matrix model for the Atlantic puffin (Fratercula arctica) is composed of three immature stages, J;
(age 0 - 3), J, (age 4) and J; (age 5), and an adult stage A (age 5+). Immature individuals aged one
to three years old are grouped into a single stage, because the estimated survival rate (S,3) is identical
across these ages. Survival probabilities are different for four (S,) and five (Ss) year old individuals,
and for adults (S,). Survival and transitions between stages during the non-breeding season are
described by the winter transition matrix Ay rq:

Soa(1—58
03( 03) 0 0 0\

(1-503%) I
AwFa — 5034(1 _503) 0 0 o |- (13)
' (1 So5*)
0 S, 0 0
0 0 S5 S,

Most individuals start breeding when they are at least 6 years old, but some individuals breed earlier.
We therefore allow 4 and 5 year old individuals to produce offspring with a separate probability to skip
breeding for these life stages (Pz, and Pgs). Reproduction is modelled by the summer transition matrix

As,Fu:
1 (=P (A=Pe) A-PDF
Asra = 0 1 0 0 . (14)
0 0 1 0
0 0 0 1

Breeding success parameter F, represents the number of offspring per year, as Atlantic puffin females
lay a single egg at a time. The probability that an adult female skips reproduction equals Pz. The
annual projection matrix is calculated as Ag, = Ay rq - Agra, With
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Sp(=88) (| _p FaSw@ =S8, FSe(=S) o FaSis( S5

(1—S03%) 2 (1-54% 2 (1-54% 2 (1-5S4%)
| So3*(1 = S43) Fu Soz*(1 = Sy3) FuSoz*(1 = Sp3) Fu Soz*(1 = Sy3)
A — 03 03 1 _ P _A 03 03 1 _ P _A 03 03 1 _ P _A 03 03 . (15)
Fa —(1 — 5034) ( F4-) 2 (1 _5034) ( FS) 2 (1 _5034) ( F) 2 (1 _5034)
0 Sa 0 0
0 0 Ss Sa

Atlantic puffin parameter values

Parameter values for the Atlantic puffin (Table 37) are mainly based on studies from the UK. Estimates
for breeding success were derived from several colonies around the UK. The values for the skipped
breeding probability for four and five year olds account for the proportion of individuals that only start
breeding at age 6 (Harris & Wanless, 2011). Once breeding starts, Atlantic puffins attempt to breed
almost every year (Ashcroft, 1979, Lowther et al., 2020), which translates in the low value for P;.
Values for immature survival are based on a metapopulation study of four colonies in the Gulf of Maine, USA
and Canada (Breton et al., 2006). Adult survival rates are based on three UK colonies and two colonies in
Norway.

Table 37. Default parameter values Atlantic puffin

E, 0.70 0.11 # [/ year Fledged offspring 60 1-6

Pp, 0.6 0.01 - Skipped breeding probability, 4 7
year olds

Pps 0.3 0.01 - Skipped breeding probability, 5 7
year olds

Pr 0.078 0.01 - Skipped breeding probability, 3 8
adults

So3 0.71 0.11 - Annual survival probability 24 9
juveniles, age 0 - 3

Ss 0.78 0.092 - Annual survival probability age 4 24 9
individuals

Ss 0.80 0.083 - Annual survival probability age 5 24 9
individuals

Sa 0.93 0.057 - Annual survival probability adults 81 4,10

!(Mavor et al., 2008); 2(Shaw et al., 2002); 3(Newell et al., 2016); “(Harris et al., 2013); >(Stubbings et al.,
2018); (Fayet et al., 2017); 7(Harris & Wanless, 2011); 8(Ashcroft, 1979); °(Breton et al., 2006); °(Harris
et al., 2005)
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Annex 2 Number of casualties for Dutch
OWF areas

Table 38: Estimated number of casualties due to habitat loss from Dutch OWFs per OWF id, species
and bimonthly period. Areas corresponding to the OWF IDs are shown in Figure 6 and their names
can be found in Table 10.

OWF id EUring  species Aug + Sep Okt + Nov Dec + Jan Feb + Mar Apr + May Jun + Jul Total
1 6360  Alca torda 0.0 4.4 3.2 2.8 0.0 0.0 10.4
1 6540  Fratercula arctica 0.0 0.0 0.3 0.0 0.0 0.0 0.3
1 220  Fulmarus glacialis 0.0 0.0 0.4 0.1 0.0 0.0 0.5
1 59  Gavia sp 0.0 0.0 0.0 0.1 0.0 0.0 0.1
1 2130  Melanitta nigra 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 710  Morus bassanus 0.2 1.0 1.4 1.1 0.1 0.6 44
1 720  Phalacrocorax carbo 0.0 0.0 0.0 0.0 0.6 0.0 0.6
1 2060  Somateria mollissima 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 6110  Thalasseus sandvicensis 0.0 0.0 0.0 0.0 1.7 0.0 1.7
1 6340  Uria aalge 0.1 10.8 10.6 12.2 0.1 0.0 33.8
2 6360  Alca torda 0.0 1.4 33 5.8 0.0 0.0 10.5
2 6540  Fratercula arctica 0.0 0.0 0.4 0.0 0.0 0.0 0.4
2 220  Fulmarus glacialis 0.0 0.0 0.4 0.1 0.0 0.0 0.5
2 59  Gavia sp 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 2130  Melanitta nigra 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 710  Morus bassanus 0.3 1.0 1.7 1.4 0.3 0.0 4.7
2 720  Phalacrocorax carbo 0.0 0.0 0.0 0.0 0.9 0.0 0.9
2 2060  Somateria mollissima 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 6110  Thalasseus sandvicensis 0.0 0.0 0.0 0.0 0.8 0.0 0.8
2 6340  Uria aalge 0.1 6.4 11.4 19.7 0.1 0.0 37.7
3 6360  Alca torda 0.0 1.7 2.5 8.9 0.0 0.0 13.1
3 6540  Fratercula arctica 0.0 0.0 0.0 0.1 0.0 0.0 0.1
3 220  Fulmarus glacialis 0.0 0.1 0.5 0.2 0.0 0.0 0.8
3 59  Gavia sp 0.0 0.1 0.0 0.0 0.0 0.0 0.1
3 2130  Melanitta nigra 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 710  Morus bassanus 0.1 1.0 1.4 1.6 0.4 0.1 4.6
3 720  Phalacrocorax carbo 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 2060  Somateria mollissima 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 6110  Thalasseus sandvicensis 0.0 0.0 0.0 0.0 0.3 0.0 0.3
3 6340  Uria aalge 0.0 39 9.2 21.6 0.3 0.0 35.0
4 6360  Alca torda 0.0 0.1 0.2 0.3 0.0 0.0 0.6
4 6540  Fratercula arctica 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 220  Fulmarus glacialis 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 59  Gavia sp 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 2130  Melanitta nigra 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 710  Morus bassanus 0.0 0.0 0.1 0.1 0.0 0.0 0.2
4 720  Phalacrocorax carbo 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 2060  Somateria mollissima 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 6110  Thalasseus sandvicensis 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 6340  Uria aalge 0.0 0.1 0.3 0.9 0.0 0.0 1.3
5 6360  Alca torda 0.0 0.5 0.9 0.6 0.0 0.0 2.0
5 6540  Fratercula arctica 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 220  Fulmarus glacialis 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 59  Gavia sp 0.0 0.1 0.5 0.2 0.0 0.0 0.8
5 2130  Melanitta nigra 0.1 0.0 0.0 3.0 39 0.0 7.0
5 710  Morus bassanus 0.1 0.1 0.0 0.1 0.0 0.3 0.6
5 720  Phalacrocorax carbo 0.1 0.4 0.0 0.0 0.2 0.3 1.0
5 2060  Somateria mollissima 0.0 0.1 0.0 0.0 0.0 0.0 0.1
5 6110  Thalasseus sandvicensis 0.5 0.0 0.0 0.0 0.8 1.2 2.5
5 6340  Uria aalge 0.1 7.8 3.6 1.6 0.0 0.0 131
6 6360  Alca torda 0.0 0.4 0.4 0.3 0.0 0.0 11
6 6540  Fratercula arctica 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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12 710  Morus bassanus 0.0 0.2 0.4 0.0 0.2 0.0 0.8
12 720  Phalacrocorax carbo 0.0 0.0 0.0 0.0 0.0 0.0 0.0
12 2060  Somateria mollissima 0.0 0.0 0.3 0.0 0.0 0.0 0.3
12 6110  Thalasseus sandvicensis 0.0 0.0 0.0 0.0 0.4 0.1 0.5
12 6340  Uria aalge 0.0 8.6 8.0 2.2 0.0 0.0 18.8
13 6360  Alca torda 0.0 1.0 1.6 1.0 0.0 0.0 3.6
13 6540  Fratercula arctica 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 220  Fulmarus glacialis 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 59  Gavia sp 0.0 0.0 0.2 0.2 0.1 0.0 0.5
13 2130  Melanitta nigra 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 710  Morus bassanus 0.2 0.2 0.1 0.1 0.3 0.1 1.0
13 720  Phalacrocorax carbo 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 2060  Somateria mollissima 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 6110  Thalasseus sandvicensis 0.3 0.0 0.0 0.0 0.6 0.1 1.0
13 6340  Uria aalge 0.0 9.3 12.0 2.8 0.2 0.0 24.3
14 6360  Alca torda 0.0 2.3 2.1 3.7 0.0 0.0 8.1
14 6540  Fratercula arctica 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 220  Fulmarus glacialis 0.0 0.0 0.5 0.1 0.0 0.0 0.6
14 59  Gavia sp 0.0 0.0 0.0 0.2 0.0 0.0 0.2
14 2130  Melanitta nigra 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 710  Morus bassanus 0.1 1.0 1.5 1.4 0.2 0.3 4.5
14 720  Phalacrocorax carbo 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 2060  Somateria mollissima 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 6110  Thalasseus sandvicensis 0.1 0.0 0.0 0.0 1.3 0.0 1.4
14 6340  Uria aalge 0.0 7.8 6.4 11.5 0.3 0.0 26.0
15 6360  Alca torda 0.0 38 3.6 8.2 0.3 0.0 15.9
15 6540  Fratercula arctica 0.0 0.2 0.0 0.1 0.0 0.0 0.3
15 220  Fulmarus glacialis 0.0 0.0 0.1 0.1 0.0 0.0 0.2
15 59  Gavia sp 0.0 0.0 0.2 0.0 0.0 0.0 0.2
15 2130  Melanitta nigra 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15 710  Morus bassanus 0.2 0.6 0.1 0.5 0.0 0.3 1.7
15 720  Phalacrocorax carbo 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15 2060  Somateria mollissima 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15 6110  Thalasseus sandvicensis 0.8 0.0 0.0 0.0 1.4 1.5 3.7
15 6340  Uria aalge 0.5 27.9 22.5 6.9 2.4 0.1 60.3
bw4 6360  Alca torda 0.1 1.6 1.8 2.7 0.1 0.0 6.3
bw4 6540  Fratercula arctica 0.0 0.0 0.1 0.0 0.0 0.0 0.1
bw4 220  Fulmarus glacialis 0.6 0.0 0.1 0.1 0.0 0.0 0.8
bw4 59  Gaviasp 0.1 0.0 0.0 0.1 0.1 0.0 0.3
bw4 2130  Melanitta nigra 0.0 0.0 0.0 0.0 0.0 0.0 0.0
bw4 710  Morus bassanus 0.2 0.4 0.1 0.0 0.1 0.1 0.9
bw4 720  Phalacrocorax carbo 0.0 0.0 0.0 0.0 0.0 0.0 0.0
bw4 2060  Somateria mollissima 0.0 0.0 0.0 0.0 0.0 0.0 0.0
bw4 6110  Thalasseus sandvicensis 0.9 0.0 0.0 0.0 0.1 0.0 1.0
bw4 6340  Uria aalge 8.0 3.0 7.9 2.1 2.7 0.7 24.4
bwé 6360  Alca torda 0.2 7.9 9.1 34.8 0.8 0.0 52.8
bwé 6540  Fratercula arctica 0.0 0.1 0.3 1.2 0.0 0.0 1.6
bwé 220  Fulmarus glacialis 0.9 0.5 1.4 1.2 0.8 0.6 5.4
bwé 59  Gavia sp 0.0 0.0 0.2 0.0 0.0 0.0 0.2
bw6 2130  Melanitta nigra 0.0 0.0 0.0 0.0 0.0 0.0 0.0
bwé 710  Morus bassanus 0.8 2.4 2.3 0.8 0.9 0.3 7.5
bwé 720  Phalacrocorax carbo 0.0 0.0 0.0 0.0 0.0 0.0 0.0
bwé 2060  Somateria mollissima 0.0 0.0 0.0 0.0 0.0 0.0 0.0
bwé 6110  Thalasseus sandvicensis 0.3 0.1 0.0 0.0 2.7 0.2 3.3
bwé 6340  Uria aalge 5.3 30.4 34.4 54.0 48.8 2.6 175.5
bw7 6360  Alca torda 0.0 2.1 4.5 10.9 0.0 0.0 17.5
bw7 6540  Fratercula arctica 0.0 0.1 0.0 0.1 0.0 0.0 0.2
bw7 220  Fulmarus glacialis 0.0 0.1 0.2 0.5 0.0 0.1 0.9
bw7 59  Gavia sp 0.0 0.0 0.2 0.0 0.0 0.0 0.2
bw7 2130  Melanitta nigra 0.0 0.0 0.0 0.0 0.0 0.0 0.0
bw7 710  Morus bassanus 0.3 0.7 0.3 0.4 0.5 0.1 2.3
bw7 720  Phalacrocorax carbo 0.0 0.0 0.0 0.0 0.0 0.0 0.0
bw7 2060  Somateria mollissima 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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