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Glossary

Term Definition

Apportioning factors

Proportion of birds occurring at the AA predicted to originate from each SPA.

Array Area

The area in which the generation infrastructure (including Wind Turbine
Generators and associated foundations, and inter-array cables) and Offshore
Electrical Platforms will be located.

Barrier effect

The presence of an offshore renewable development prevents individuals from
flying through its footprint, increasing travel time as individuals have to fly around
the development.

Breeding season

Period that a species is strongly associated with a nest site, including nesting,
egg-laying and provisioning young.

Connectivity with the
development

SPAs within species’ recommended foraging range, when travelling by sea only,
of the proposed development.

Distributional responses

The behavioural responses of birds arising from barrier effects and/or
displacement as they show an avoidance reaction to development

Displacement buffer

The surrounding area of the array footprint where animals may also be displaced
from.

Displacement effect

The presence of an offshore renewable development stops individuals from
foraging within its footprint, causing them to find new foraging locations.

Displacement matrix

The ‘Matrix Approach’ is used to estimate the percentage of the individuals
occurring at the Array Area plus additional buffer which will be displaced by the
proposed development and in turn the percentage which may become fatalities.

Displacement mortality

Estimated number of individuals dying due to displacement impacts.

Displacement zone

In the SeabORD model: area from which individuals are displaced from, defined
as the Array Area plus an additional buffer specified as the footprint border.

Footprint border

In the SeabORD model: displacement buffer around the Array Area used to
define the zone from which individuals will be displaced from.

Footprint buffer

In the SeabORD model: displacement buffer around the Array Area used to
define the zone into which birds are displaced.

Habitat specialization

Score from 1 to 5 indicating a species’ degree of habitat specialization (Furness
et al. 2013).

Mean seasonal peak
abundance

Mean of the highest recorded monthly abundances within each season across
each baseline survey year.

Model region

Extent of the region of interest used in a SeabORD run.

Non-breeding season

Period when no breeding takes place, including over-wintering and migration
periods.

SeabORD

Modelling tool developed by Searle et al. (2018) to assess displacement and
barrier effects of offshore renewable development (ORD).

Susceptibility to disturbance

Score from 1 to 5 indicating a species sensitivity to disturbance by wind farm
structures, ship and helicopter traffic (Furness et al. 2013).
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Acronyms

Acronym Definition

CEF Cumulative Effects Framework

DAS Digital aerial survey

MRSea Marine Renewables Strategic environmental assessment.
ORD Offshore renewable development

RSPB Royal Society for the Protection of Birds

SMP Seabird Monitoring Programme

SNCB Statutory Nature Conservation Bodies

SPA Special Protected Area

Species names

Species

Velvet scoter
Kittiwake
Black-headed gull
Common gull

Greater black-backed gull
Herring gull

Common tern

Arctic tern

Great skua

Arctic skua

Little auk

Guillemot

Razorbill

Puffin

Red-throated diver
European storm petrel
Leach's petrel

Fulmar

Manx shearwater

Gannet

Muir Mhor Offshore Wind Farm

Scientific Name
Melanitta fusca

Rissa tridactyla
Chroicocephalus ridibundus
Larus canus

Larus marinus

Larus argentatus
Sterna hirundo

Sterna paradisaea
Stercorarius skua
Stercorarius parasiticus
Alle alle

Uria aalge

Alca torda

Fratercula arctica
Gavia stellata
Hydrobates pelagicus
Hydrobates leucorhous
Fulmarus glacialis
Puffinus puffinus

Morus bassanus
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1. Introduction

This technical appendix presents the methodology and results used to predict displacement and barrier effects on
seabirds during operation of the proposed Muir Mhor offshore windfarm. To estimate the displacement and or barrier
effects of the proposed windfarm a combination of a matrix-based approach and a modelled approach using the
SeabORD modelling tool (Searle et al., 2018) were undertaken as advised by NatureScot (NatureScot, 2023a). The
SeabORD tool can only be used to model displacement and barrier effects on guillemot, razorbill, puffin and kittiwake
and only during the chick rearing/breeding season. Therefore, the matrix-based approach was undertaken for all
relevant species for both the breeding and the non-breeding seasons, and the SeabORD modelling tool only for
those species mentioned above during their breeding seasons. Displacement matrices and SeabORD predictions
are apportioned out to individual Special Protected Areas (SPA) and non-SPA colonies in the Offshore Ornithology
Apportionment Report (Volume 3, Appendix 11.4).
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2. Methodology

2.1. Matrix-based approach

The matrix-based approach is an industry standard method to predict mortalities associated with the displacement
of seabirds from offshore wind farm sites. The method uses per survey abundance estimates from site-based
surveys to derive the number of birds with the potential to experience displacement effects. Predicted mortalities are
then calculated based on indicative species-specific rates, published by NatureScot (2023a), representing
susceptibility to displacement and mortality resulting from displacement.

2.1.1. Relevant species

As species’ sensitivity to displacement will vary considerably due to their characteristics, species were screened
based on their presence at the AA and its surveyed buffer using digital aerial survey data (DAS) and on a species-
specific sensitivity score. The latter was based on a susceptibility to disturbance score and a habitat specialization
score developed by Furness et al. (2013), and later updated by Bradbury et al. (2014). The two metrics were used
to assess which species are most susceptible to displacement impacts. Joint UK Statutory Nature Conservation
Body guidance (SNCB, 2022a) recommends assessing displacement for any species with a score of three or higher
in either metric, with the exception of gannet which should be included even with a score of two, as recent studies
suggest a higher sensitivity to displacement and barrier effects (Krijgsveld, et al. 2011; Vanermen et al., 2013; Wade
et al. 2016).

Two more species were brought forward for assessment even though they presented a score below three: kittiwake
and Manx shearwater. They were both included as NatureScot (2023a) have advised Scottish projects to include
kittiwake regardless of their score, and Manx shearwater was included as this was a species of interest highlighted
in Scoping Reponses by NatureScot and the Royal Society for the Protection of Birds (RSPB) (Offshore and Intertidal
Ornithology EIA Report (Volume 2, Chapter 12, Table 12-2)).

An additional step in determining whether a displacement assessment was carried out for a particular species was
to consider its abundance at the AA and additional buffer (see 2.1.2): species with mean seasonal peak abundance
estimates below 15 were excluded. This process eliminated velvet scoter, common tern, and black-headed gull from
the assessment (see section 2.1.4). As an exception to this rule Manx shearwater were kept in the assessment as
per scoping response (Offshore and Intertidal Ornithology EIA Report (Volume 2, Chapter 12, Table 12-2)) discussed
above, as was red-throated diver because they are particularly susceptible to displacement and were kept in despite
having a mean seasonal peak abundance estimate below 15 as a precautionary approach.

2.1.2.  Displacement buffer

Displacement impacts due to the presence of an offshore wind farm may extend beyond the AA footprint. The UK
SNCB (2022a) guidance therefore recommends considering an additional buffer around the AA to assess
displacement impacts. In particular, it recommends using a standard displacement buffer of 2 km for most species.
The only exceptions are divers and sea ducks, which are considered to be the most sensitive groups and should
therefore generally be assessed using a 4 km displacement buffer. Red-throated diver is particularly sensitive to
displacement and therefore guidance recommends assessment based on a 10 km displacement buffer, where the
Project is within 10 km of an SPA designated for non-breeding red-throated divers (SNCB, 2022b). However, as
there are no SPAs within a 10 km radius and counts of red-throated diver during the 2-year DAS were very low (only
1 observation in Survey 2), the assessment used the 4 km buffer.

The species recorded at the AA and additional buffer are presented alongside their specific susceptibility to
disturbance and habitat specialization score in Table 2.1. For species taken forward for displacement assessment,
the displacement buffer and source of the density data used is indicated. Density was either calculated with a design-
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based approach or using the Marine Renewables Strategic environment assessment (MRSea) (see Offshore
Ornithology Density and Abundance Report (Volume 3, Appendix 11.6)).

Table 2.1: ‘Disturbance susceptibility’ and ‘Habitat specialization’ scores as provided by the UK SNCB
guidance (SNCB, 2022a). In bold are the species that were taken forward for assessment. For
species that were scoped in, details on the size of the displacement buffer and the source of the
density data used to calculate mean peak seasonal abundance are provided; either design-based
or model-based (i.e. MRSea).

Disturbance Habitat Displacement Density data

Species susceptibility specialization buffer source

Red-throated diver 5 4 4 km Design-based
Velvet scoter® 5 3 4 km Design-based
Guillemot 3 3 2km Model-based
Razorbill 3 3 2 km Model-based
Arctic tern 2 3 2 km Design-based
Common tern** 2 B 2 km Design-based
Puffin 2 3 2 km Design-based
Kittiwake** 2 2 2 km Model-based
Common gull 2 2 - -
Great black-backed gull 2 2 - -
Little auk 2 2 - -
Herring gull 2 1 - -
Gannet** 2 1 2 km Model-based
Black-headed gull* 1 8 2 km Design-based
Arctic skua 1 2 - -
Great skua 1 2 - -
European storm petrel 1 1 - -
Fulmar 1 1 - -
Manx shearwater** 1 1 2 km Design-based
Leach’s storm petrel 1 1 - -

Source: SNCB (2022a)

* Common tern is not included in the list provided in the SNCB guidance (SNCB, 2022a), so values for other tern species were used.
** Species for which displacement assessment was carried out regardless of score.
+ Species.scoped out of displacement assessment due to low abundance recorded at the AA and additional buffer.

2.1.3. Seasonal definitions

NatureScot guidance indicates that displacement should be calculated for the breeding and the non-breeding
seasons as defined in NatureScot (2020). However, during scoping consultation (Offshore and Intertidal Ornithology
EIA Report (Volume 2, Chapter 12, Table 12-2)), NatureScot also advised that apportioning of non-breeding season
displacement impacts to SPAs should be carried out using seasonal definitions presented in Furness (2015), which
further sub-divides the non-breeding season in distinct periods. Displacement matrices were therefore carried out
for the breeding season as a whole and for each sub-period as defined by Furness (2015). In instances where the
non-breeding periods defined in Furness (2015) overlapped with the breeding seasons in NatureScot (2020), the
non-breeding seasons were foreshortened as presented in Berwick Bank (2022) and advised during scoping
consultation (Offshore and Intertidal Ornithology EIA Report (Volume 2, Chapter 12, Table 12-2)). When seasonal
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definitions included ‘half months’ (i.e. the break between the seasons occurs in the middle of a month rather than at
the end), the value of the full month was used for both seasons (NatureScot, 2023b). Where seasons within a year
were represented by a single month of survey effort (e.g., March 2023 would be the only month in the gannet
breeding season in 2023), this was not included in peak seasonal abundance calculations, but in this example this
month was included for the spring migration period as this month is represented in both seasons.

Table 2.2: Definition of species-specific bio-seasons. Seasonal definitions were dervied from NatureScot (2020)
and Furness (2015). Following recommendations in the scoping opinion where Furness (2015)
definition of the non-breeding seasons, overlapped with NatureScot definition of the breeding
season, the non-breeding were foreshortened.

Species

Kittiwake

Common gull

Black-headed gull

Common tern*

Arctic tern

Guillemot

Razorbill

Puffin

Red throated diver

Manx shearwater*

Gannet

Velvet scoter

Breeding Spring migration Autumn migration

Key:

Non-breeding Not present in significant numbers

From NatureScot (2020) velvet scoter are not present in significant numbers in Scotland between mid-April and August

*For these species the NatureScot definition of breeding season (strong association with nesting sites) completely overlaps the autumn migration
period defined in Furness (2015). As priority is given to the NatureScot definition of breeding season, no autumn migration period is shown for
these species.

2.1.4.  Abundance within displacement buffers

Per survey abundances of the species detailed above (Table 2.1) used in the matrix-based approach were derived
from either design-based densities or, where available, densities predicted from MRSea (details of which can be
found in the Offshore Ornithology Density and Abundance Report (Volume 3, Appendix 11.6)). Abundance estimates
included corrections to account for records of unidentified birds and for availability bias, where appropriate. For each
species, all individuals recorded (both flying and on the water including birds observed diving, landing and taking
off) were included in abundances used in the displacement analysis.
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As per SNCB (2022a) guidance, the matrix-based displacement assessment is based on mean seasonal peak
abundances. These were calculated from the highest recorded monthly abundance within each season averaged
across the two years of baseline data. The monthly abundances observed for each species are presented in section
4 of the Offshore Ornithology Density and Abundance Report (Volume 3, Appendix 11.6) and the seasonal peak
abundances derived from these are presented in Table A-1, Annex A. Mean seasonal peak abundances, used as
the inputs for the matrix-based approach are presented in Table 2.3.

For the overall non-breeding season estimates where the non-breeding season comprised more than one sub-
period, the summed mean seasonal peak abundance estimates were used. This is deemed to be a precautionary
approach. For example, for kittiwake, as per Table A-1, Annex A, during the Autumn migration in the AA + 2km
buffer, the peak monthly abundances were 41.11 birds/km? in the first year and 75.35 birds/km? in the second, giving
a mean seasonal peak abundance of 58.23 birds/km?2. This was then added to the Spring migration mean peak
abundance of 751.06 birds/km? giving a mean peak abundance for the whole non-breeding season of 809.29
birds/km?. This additive approach is precautionary.

Black-headed gull, velvet scoter and common tern were not brought forward for assessment due to their mean
seasonal peak abundance estimates being less than 15. On the other hand, red-throated diver and Manx shearwater
were brought forward for assessment despite their mean seasonal peak abundance being less than 15 due to
concerns on their sensitivity to displacement (Table 2.1).

The calculated mean seasonal peak abundance of velvet scoter was zero. This was due to fact that they were only
observed during Survey 14 (May 2022), which led them to be included in the list as a species observed at the AA.
However, as described in section 2.1.3 their occurrence in Scottish waters is limited to September to mid-April, which
excluded the survey mentioned above and explains their over winter and overall non-breeding season mean peak
abundance. As a result of this, displacement matrices are not presented for velvet scoter.

Table 2.3: Mean seasonal peak abundance for each species for the AA only and AA plus a 2 or 4 km buffer.
Monthly density estimates used to calculate the mean peak are presented in Table A-1, Annex A. The non
breeding overall column was calculated as the sum of the non-breeding sub-periods.

Non- Non-breeding sub-periods

Displacement Breeding breeding Autumn Spring Over

Species area season total migration migration winter
Red-throated diver AA 6.49 0.00 0.00 0.00 0.00
AA + 4 km buffer 6.65 0.00 0.00 0.00 0.00

Velvet scoter AA - 0.00 - - 0.00
AA + 4 km buffer - 0.00 - - 0.00

Guillemot AA 6,940.84 6,723.08 - 6,723.08 -
AA + 2 km buffer 13,122.48 11,862.68 - 11,862.68 -

Razorbill AA 1,042.32 969.43 943.39 67.81 26.04
AA + 2 km buffer 1,548.65 1,430.04 1,388.27 116.58 41.77

Arctic tern AA 227.06 0.00 0.00 0.00 -
AA + 2 km buffer 293.74 0.00 0.00 0.00 -

Common tern AA 11.09 0.00 0.00 0.00 -
AA + 2 km buffer 11.12 0.00 0.00 0.00 -

Puffin AA 1,108.66 1,108.66 - - 1,108.66
AA + 2 km buffer 1,812.09 1,812.09 - - 1,812.09

Kittiwake AA 1,849.72 450.11 32.36 417.75 -
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Non- Non-breeding sub-periods

Displacement Breeding  breeding Autumn Spring Over

Species area season total migration migration winter
AA + 2 km buffer 3,252.35 809.29 58.23 751.06 =

Gannet AA 259.34 388.32 348.17 40.15 -
AA + 2 km buffer 597.43 666.76 592.63 74.13 =

Black-headed gull AA 4.99 0.00 - - 0.00
AA + 2 km buffer 5.00 0.00 - - 0.00

Manx shearwater AA 4.99 - - - -
AA + 2 km buffer 10.01 - - - -

2.1.5.  Matrix approach

A range of displacement mortalities are presented as a matrix with displacement levels (from 0% to 100% in 10%
increments) on one axis and mortality levels (from 0% to 100% in 10% increments with an additional 0% to 5% in
1% increments) on the other axis. The value at 100% levels of mortality and displacement represents the mean
seasonal peak abundance and other values within the matrix represent numbers of predicted mortalities that would
be associated with different displacement levels. The guidance for this matrix-based approach, discussed in
NatureScot (2023a) and detailed in SNCB (2022a), advises that a range of displacement levels are carried forward
to the assessment of population impacts (Table 2.4).

Displacement and mortality levels to be used in the assessment were available for most species in NatureScot
guidance (NatureScot, 2023a). However, red-throated diver percentages were derived from SNCB (2022b), where
it is acknowledged that using a 100% displacement within a 4 km is acceptable as long as the development is not
within 10 km of a designated SPA for non-breeding red-throated divers which the Proposed Development is not.
Furthermore, Arctic tern displacement and mortality levels were derived from the West of Orkney Environmental
Impact Assessment (MacArthur Green, 2023) following their consultation with NatureScot: a 30%-50% displacement
level with a 3% mortality level was used for both the breeding and non-breeding season base on the disturbance-
sensitivity indices assessed by Bradbury et al. (2014). Finally, due to the limited evidence on Manx shearwater no
species-specific levels are available, thus in line with previous assessments (RWE, 2022), we applied 30-70%
displacement levels and 1-10% mortality (results reported for the extremes of these ranges).

Table 2.4: Species-specific displacement and mortality percentages to be carried forward for assessment.

Mortality level (percentage of displaced birds that
are estimated to die)

Displacement level

Species (percentage of all birds) Breeding season Non-breeding season
Red-throated diver* 100% 1% 1%
Guillemot 60% 3% and 5% 1% and 3%
Razorbill 60% 3% and 5% 1% and 3%
Arctic tern** 30% - 50% 3% 3%
Puffin 60% 3% and 5% 1% and 3%
Kittiwake 30% 1% and 3% 1% and 3%
Gannet 70% 1% and 3% 1% and 3%
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Mortality level (percentage of displaced birds that
are estimated to die)

Displacement level
Species (percentage of all birds) Breeding season Non-breeding season

Manx shearwater*** 30 - 70% 1-10% 1-10%

Source: NatureScot (2023a)

* Percentages used in line with SNCB (2022b).

** As advised by NatureScot for West of Orkney Environmental Impact Assessment (MacArthur Green, 2023)
*** Displacement and mortality levels from RWE (2022).

2.2. SeabORD

SeabORD is a spatially explicit individual-based model that simulates the energetic consequences of displacement
and barrier effects, predicting impacts on foraging and reproductive success through the chick-rearing period (Searle
et al., 2014; 2018). A baseline simulation is run in which simulated birds forage and provision themselves and their
young based on a series of rules underlying the model, and baseline adult and chick survival rates are determined.
The former is extrapolated over the winter period based on simulated adult weight at the end of the chick rearing
period whilst the latter refers only to the chick-rearing period. The simulation is then re-run assuming that a certain
user-defined proportion of the population of birds encountering the wind farm is displaced from and/or barriered by
one or more windfarm footprints. In this “impact” model, adult and chick survival varies from the baseline model as
a result of:

1. the energetic consequences of barriered birds having to travel further to reach their chosen foraging
locations, and

2. displaced birds from the wind farm footprint travelling to different foraging locations which may be closer or
further away from their colonies and where they may encounter different levels of competition.

SeabORD modelling was conducted for the proposed project in line with NatureScot guidance (NatureScot, 2023a),
and was, where possible, used instead of displacement assessments carried out using the matrix-based approach
in the breeding season.

Models were run using SeabORD version 1.3 (SeabORD, 2022). This is currently the most up-to-date publicly
available version of the model, though it is noted that this will soon be superseded by the version implemented within
Marine Scotland’s Cumulative Effects Framework (CEF) tool.

The SeabORD tool can incorporate data for up to six populations (i.e. from here onwards referred to as SPAs, as
populations of specific SPAs were used) to simulate competition effects at different foraging locations. Due to the
need for calibration of the model for each individual SPA (see section 2.2.6), separate models must be run for each
SPA, with other SPAs included only to ensure that the effect of competition with individuals from these SPAs are
incorporated in the simulations.

2.2.1. SPAs selection and model region

SPAs were screened into the assessment based on their connectivity with the proposed development. As per
NatureScot guidance (NatureScot, 2023c), SPAs with connectivity to the proposed development are those within
the species' recommended foraging range (Woodward et al., 2019) when taking the shortest distance from the
perimeter of the SPA to the perimeter of a 4km buffer applied to the AA, travelling by sea only.

The species and focal SPAs for which analysis should be run were selected in consultation with NatureScot. The
species for which NatureScot requested SeabORD to be run were: guillemot, razorbill, puffin and kittiwake.

Only two SPAs designated for guillemot occurred within foraging range of the AA 4 km buffer. These were:

e Troup, Pennan and Lion's Heads;
e Buchan Ness to Collieston Coast.
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Only two SPAs designated for razorbill occurred within foraging range of the AA 4 km buffer. These were:

e Troup, Pennan and Lion’s Heads;
e Fowlsheugh.

For puffin and kittiwake further consultation was required as SeabORD only allows inclusion of a maximum of six
population/SPAs, but 17 and 21 SPAs were identified respectively with connectivity to the proposed development
for which the species are features or part of a breeding assemblage (Offshore Ornithology Apportioning Report
(Volume 3, Appendix 11.4)). Following consultation with NatureScot it was decided that the six SPAs for puffin and
kittiwake which should be assessed for distributional response analysis in SeabORD should be identified by using
apportioning factors (the proportion of birds occurring at the AA predicted to originate from each SPA) as a ranking
system for estimated level of impact. Thus, the six SPAs with the highest rank (breeding-season apportioning factors)
were selected and are detailed in Table 2.5. All other SPAs and non-SPA colonies were assessed using the matrix-
based approach. The apportioning factors are a function of the SPA population size, distance to the development
and proportion of foraging area which is at sea. For full apportioning methodology and results see the Offshore
Ornithology Apportioning Report (Volume 3, Appendix 11.4).

Table 2.5: The six SPAs for which the proposed development is predicted to have the highest impact on for
kittiwake and puffin as indicated by their apportioning factors.

Species Breeding-Season Apportioning Factor
Kittiwake Buchan Ness to Collieston Coast 0.330
Fowlsheugh 0.185
Troup, Pennen and Lion's Heads 0.164
East Caithness Cliffs 0.091
Forth islands 0.028
St Abb’s Head to Fast Castle 0.021
Puffin Forth islands 0.413
Farne Islands 0.340
Coquet Island 0.151
Fair Isle 0.025
North Caithness Cliffs 0.015
Copinsay 0.004

The selected SPAs were then used to the define the model region. The model region inputs are coordinates which
define the spatial extent over which the model is to be run (i.e. the “bounding box”). SPAs to be included in the runs
were buffered by the species-specific foraging range (mean maximum plus one standard deviation as defined in
Woodward et al, 2019 — see section 2.2.3) plus an additional 5% to allow simulated birds to forage beyond this area.
The model region was then defined by the most extreme extent values of the buffers in each direction (north, east,
south and west). For example, whichever of all the buffers for each species’ northern extent was furthest north, was
used to define the northern boundary of the model region. The extremes of the foraging regions used for each
species are presented in Table 2.6 and visualised for guillemot in Figure 2.1, razorbill in Figure 2.2, puffin in Figure
2.3 and kittiwake in Figure 2.4.
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Table 2.6:  The bounding box originally specified for SeabORD modelling for each relevent species.

North limit South limit East limit West limit
Species (degrees) (degrees) (degrees) (degrees)
Guillemot 58.61265 56.42358 -0.07259878 -4.038109
Razorbill 58.86725 55.73917 0.40016320 -4.513936
Puffin 62.07050 52.81170 3.38130000 -8.235300
Kittiwake 61.14950 53.05840 3.50110000 -8.777000
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For puffin and kittiwake, initial model runs indicated that the size of the bounding box necessary to accommodate all
six of these SPAs (Figure 2.3 and Figure 2.4) as well as the species-specific foraging range from each of the SPAs
meant the models did not complete in a reasonable timeframe (i.e. less than 10 days runtime). Indeed, it seemed
as though the model got stuck whilst computing bird flight paths, possibly due to attempting to navigate past
extremely complex coastline to foraging sites on the West side of the country. As such, completing these SeabORD
models was deemed impractical, if not impossible. In the first instance, we attempted reducing the size of the
bounding box, (final reduction in Figure 2.5 and Figure 2.6 — see below), and therefore computational effort required
to run the model, by reducing the number of SPAs included in the model. The SPAs were reduced such that those
included were expected to receive the majority of the impacts associated with the proposed development. In the
case of puffin, the three SPAs with the highest estimated proportion of impact attribution from the proposed
development were selected as these alone were estimated to receive 94.7% of all predicted impacts during the
breeding season. Note, these percentages were calculated across all populations with connectivity to the proposed
development, i.e. all SPAs and non-SPA colonies, not just SPAs. For kittiwake, reducing the SPAs included was
initially trialled, however the adjustment of the western limit of the bounding box (Figure 2.6 - see below) was enough
to allow the models to complete successfully even with all six SPAs included. Thus, all six SPAs detailed in Table
2.5 were retained in the model.

Further modelling attempts indicated that the reduction of the number of SPAs was still not sufficient to avoid
apparent software crashes, therefore the bounding box was further reduced for both species (i.e. puffin and kittiwake)
to allow the model to complete successfully. Specifically, the western limit of the model region was constrained to
prevent the incorporation of at sea area on the western coast of Britain (Table 2.7, Figure 2.5 and Figure 2.6). Given
the nature of the distance decay curve which determines where birds are simulated to forage in relation to the SPA
locations (see Section 2.2.3), the impacts of this reduction in the bounding box upon the outputs of the modelling
are expected to be minimal.

Table 2.7: Reduced bounding box specified within SeabORD for puffin and kittiwake.

North limit South limit East limit West limit
Species (degrees) (degrees) (degrees) (degrees)
Puffin* 58.60360 53.12180 2.8469000 -2.700000
Kittiwake 61.14950 53.05840 3.5011000 -3.450000

The final SPAs for which the distributional response to the proposed development was modelled with SeabORD are
presented in Table 2.8. The consequences of reducing the number of SPAs included in the modelling. compared to
those that were planned, are that for the not-included SPAs assessment of displacement impacts will rely on the
matrix-based approach. On the other hand, the SPAs that were included will not experience competition effects from
the not-included SPAs.

For each species and SPA combination, the most recent population counts used in the model are presented in Table
2.8. Note that these counts are provided as individuals but the input for SeabORD requires pairs so it was divided
by two. These were obtained from Seabirds Count 4 (Burnell et al., 2023) unless a more recent count was available
from the Seabird Monitoring Programme (SMP) (https://app.bto.org/seabirds/public/index.jsp). For full methods and
results for obtaining the most recent population counts see the Offshore Ornithology Apportioning Report (Volume
3, Appendix 11.4).

Muir Mhor Offshore Wind Farm
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Table 2.8: The final SPA and species combinations for which distributional responses were modelled using
SeabORD and their population count in individuals.

SPA Species Count
Troup, Pennen and Lion's Heads Guillemot 47,718.74
Razorbill 8,801.12
Kittiwake 27,344
Buchan Ness to Collieston Coast Guillemot 40,762.8
Kittiwake 27,094
Fowlsheugh Razorbill 20,869.16
Kittiwake 30,966
Forth Islands Puffin 90,291
Kittiwake 13,244
Farne Islands Puffin 87,504
Coquet Island Puffin 50,058
East Caithness Cliffs Kittiwvake 48,958
St Abb’s Head to Fast Castle Kittiwake 9,158

Source: Burnell et al., (2023) and Seabird Monitoring Programme.

Muir Mhor Offshore Wind Farm
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2.2.2.  Fraction of the population modelled

SeabORD allows for a user-specified fraction of the population to be modelled to allow quicker ‘test’ runs to be
carried out as the model is computationally intensive and can take a long time to run for an entire population.
However, SeabORD’s developers recommend that final runs should be carried out for as high a proportion of the
population as is feasible to allow the quantification of uncertainty to be as accurate as possible (Mobbs et al., 2018).
Here, we were able to successfully model 100% of the population for guillemot and razorbill, while given the
increased complexity of the puffin and kittiwake models, we were only able to obtain results for 50% of the population
respectively. For the two latter species, results will be presented both as for the reduced percentage and scaled to
100%.

2.2.3.  Determination of foraging locations

SeabORD can simulate the distribution of seabird foraging locations either using colony-specific foraging probability
density maps, or under the assumption that the probability of a bird foraging in a given location declines with distance
from the colony according to a distance decay function (Searle et al., 2018). Since data were not available to
generate a robust input map of foraging distributions of birds from the input SPAs, distance decay functions were
used. The function used by SeabORD v1.3 to generate the distance decay curve is parameterised with a user-
defined species-specific foraging range (Table 2.9) and a proportion of animals expected to forage within that range.
Foraging ranges used for modelling represented the mean maximum foraging range plus one standard deviation
from Woodward et al., (2019). Assuming a normal distribution, the inclusion of the standard deviation should mean
that ~84% of mean maximum foraging ranges fall within this range. However, since this is a maximum, the majority
of foraging trips would be likely shorter than this. Therefore, the default value of 95% was used as the input for the
percentage of birds within the foraging range (Table 2.9).

Table 2.9: Method and input parameters used to describe foraging distributions within the SeabORD

modelling
Species Method Foraging range (km)* Percentage in foraging range
Guillemot Distance decay 95.2 95%
Razorbill Distance decay 122.2 95%
Puffin Distance decay 265.4 95%
Kittiwake Distance decay 300.6 95%

Source: *Mean maximum foraging range plus one standard deviation from Woodward et al., (2019).

2.2.4.  Behavioural assumptions and barrier navigation method

In line with current guidance, it was assumed that 60% of guillemot, razorbill and puffin, and 30% of kittiwake would
be susceptible to displacement (NatureScot, 2023a). While not covered by the guidance, it was also assumed that
100% of these displaced birds would be barriered. It was assumed that displacement occurred within the AA footprint
plus a 2 km buffer and that displaced birds (i.e. those selecting foraging locations within the AA footprint plus 2 km
buffer and being susceptible to displacement) would select new foraging locations within a 5 km buffer around the
displacement zone. A summary of parameters used is presented in Table 2.10.

The SeabORD tool allows the incorporation of two navigation methods to describe the movement of barriered birds
avoiding the wind farm footprint. These are the perimeter method and the A* pathfinding method. If the perimeter
method is used, a barrier-susceptible simulated bird selecting a foraging location beyond the displacement zone (the
AA plus a buffer determined by the ‘border’ input parameter) will travel up to the edge of the displacement zone and
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then travel around the displacement zone perimeter until it reaches the point where their original trajectory would
have passed out of the other side of the displacement zone, at which point it continues along its previous flight path.
The A* pathfinding method instead uses an algorithm to identify the most efficient path to the foraging location whilst
avoiding the displacement zone. Since the A* pathfinding method substantially increases computational time and
assumes that birds are immediately able to find the most efficient path around the wind farm footprint, a precautionary
approach was taken in which the perimeter method was used.

Table 2.10: Input parameters controlling behaviour used for the SeabORD modelling

Proportion of AA displacement Buffer around Barrier

Proportion displaced buffer displacement zone navigation

Species displaced also barriered (Footprint border) (Footprint buffer) method
Guillemot 60% 100% 2 km 5 km Perimeter
Razorbill 60% 100% 2 km 5 km Perimeter
Puffin 60% 100% 2 km 5km Perimeter
Kittiwake 30% 100% 2 km 5 km Perimeter

2.2.5.  Prey distribution and calibration

Prey distribution can be modelled based on input prey distribution maps, or assuming a uniform distribution of prey
across the modelled extent. Since suitable prey distribution data were not available for the model regions, a uniform
prey density was assumed.

The model requires the prey values to be parameterised by a lower and an upper value. These determine the amount
of prey resource available to the birds and significantly influence the survival and reproductive success of individuals.
As such, it is recommended by the developers of the tool that the prey value boundaries are calibrated for each
combination of species and focal SPA. These boundaries should represent a range of ‘moderate’ prey conditions
where adult body mass loss and chick survival rates at the end of the baseline (no impact) scenario are within or
above specified thresholds (Mobbs et al., 2018) (Table 2.11).

Table 2.11: Adult mass loss and chick survival rate thresholds for a “moderate” year, used to calibrate prey
boundaries for SeabORD modelling. Values were estimated by the developers of the tool using
empirical data. Further details in Mobbs et al. (2018).

Adult mass loss expected during a moderate

chick rearing season  target chick survival

Species Lower Upper for a moderate year

Guillemot 10.5% 3.5% > 49%
Razorbill 10.5% 3.5% > 50%
Puffin 10.5% 3.5% > 50%
Kittiwake 15% 5% >11%

Source: Mobbs et al., (2018)

Calibration model runs were used to find prey boundaries values for each species-SPA combination. As
recommended in the user guide, these calibration runs simulated just 10% of the population to minimise processing
time. A range of prey values were assessed by setting the same prey value as both the lower and upper bound. The
outcome of each calibration run was inspected to assess whether the observed adult mass loss and chick survival
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fell within the recommended thresholds. A total of 17 (guillemot), 19 (razorbill), 15 (puffin) and 30 (kittiwake)
calibration runs were needed to find the prey boundaries for all the SPAs (Table 2.12).

Table 2.12: Final lower and upper prey values used within SeabORD modelling.

Range of adult Range of chick Lower prey Upper prey
Species mass loss (%) survival (%) limit limit
Guillemot Buchan Ness to 9.06 — 3.50 49.24 —94.28 375 463
Collieston Coast
Troup, Pennan and 9.15-3.53 49.12 — 94.19 376 465
Lion’s Head
Razorbill Troup, Pennan and 9.47 - 3.50 51.22 - 94.51 257 328
Lion’s Head
Fowlsheugh 9.50 - 3.57 50.06 - 94.48 250 326
Puffin Forth Islands 10.50 — 3.50 74.44 —94.75 278 349
Farne Islands 10.44 - 3.50 75.70 — 94.75 275 337
Coquet Island 10.50 — 3.53 75.63 - 94.40 287 352
Kittiwake St Abb’s Head to 9.30 - 5.00 11.14 - 63.97 236 303
Fast Castle
Forth islands 9.23-5.05 11.18 - 63.00 227 299
Buchan Ness to 9.45 - 5.06 11.22 -70.11 238 299
Collieston Coast
Troup, Pennan and 9.53-5.03 11.41-71.76 242 309
Lion’s Head
Fowlsheugh 9.17 - 5.02 11.30 - 66.41 244 307
East Caithness 9.19-5.01 11.32 - 62.87 243 311
Cliffs

2.2.6. Run Parameters

For the final runs, ten matched-pair simulations were carried out. This represents ten runs utilising different prey
values from within the range specified as determined through calibration, selected by SeabORD using stratified
random sampling to capture the uncertainty associated with prey levels (Searle et al., 2018). Each simulation was
run for a baseline and an impact scenario providing matched pairs of outputs from which output metrics are
calculated. The starting seed was set to 52.

2.2.7.  Output Metrics

A range of output metrics are provided by SeabORD and these also allow calculation of additional metrics. Metrics
are either generated separately for the baseline (no development) and impact (with development) scenarios or as
the outcome of their comparison. Metrics presented in the results below include:

e Predicted number of adult and chick mortalities during baseline and impact scenarios, and resulted
additional adult and chick mortalities in the impact scenario;

e Adult mortality rates as percentage of the population during baseline and impact scenarios;
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¢ Difference in total distance flown and number of trips carried out between the two scenarios;
e Total number of adults displaced or barriered in the impact scenario;

e Adult body mass at the beginning and end of the breeding season during both scenarios.

2.3.  SeabORD cumulative impact assessment

In addition to modelling the distributional responses of guillemot, razorbill, puffin and kittiwake to a single
development, SeabORD can also be used to model responses to multiple developments in combination up to a
maximum of five. In this case, there were more than five developments within the foraging ranges of the species
under consideration which would ideally be included in the model to assess cumulative impacts. As such, the
decision was made to consider only those developments which are either operational, under construction or
consented, with the expectation that these would all be operational at the same time as the proposed development
(Figure 2.7). Less progressed developments were not considered in this instance. However, additional runs including
the Berwick Bank proposed wind farm (planning phase) were carried out for species within foraging range distance
to the development (kittiwake and puffin) as advised by NatureScot during consultation.

In order to increase the number of windfarms included in the cumulative assessment, the footprints of developments
in close proximity to one another were combined to create a single larger development footprint. This was done for
the two operational windfarms in the Moray Firth (Beatrice Offshore Windfarm, Moray East Offshore windfarm and
Moray West Offshore windfarm) and the developments in the outer Firth of Forth (Seagreen, Seagreen 1, Neart na
Gaoithe, Inch Cape, and Berwick Bank where relevant). Note that combining the windfarm footprints is a
precautionary approach as this will include any corridor between the developments prohibiting barriered birds to fly
between the developments. All the cumulative runs included Muir Mhor windfarm and the three closest operational
windfarms along the East coast of Scotland: Aberdeen Bay, Kincardine and Hywind Scotland. In addition, for razorbill
we included Seagreen and for puffins and kittiwakes, three separate cumulative runs including (1) the operational
windfarms in the Moray Firth, (2) the operational, in construction and consented windfarms in the outer Firth of Forth,
and (3) all the operational, in construction and consented windfarms in the outer Firth of Forth, plus Berwick Bank.
Table 2.13 summarises windfarms included in each cumulative run.

Given the increased model complexity of including more developments, the fraction of the population modelled was
further reduced to 20% for puffin and 10% for kittiwake, in order to obtain a successful run. Furthermore, for kittiwake
cumulative run 2 and 3 used the A* pathfinding method to find seabirds flightpaths around the development.

Table 2.13: Summary of the windfarms included in each cumulative run. SeabORD currently allows for a
maximum of 5 windfarms to be included in each run. The numbers below indicate the windfarms
included in each SeabORD run for the four species.

Puffin Kittiwake
Run  Run Run Run Run Run
Developments Guillemot Razorhbill 1 2 3 1 2 3
In assessment Muir Mhor 1 1 1 1 1 1 1 1
Operational East coast* 2,3,4 2,34 234 234 234 234 234 234
Operational Moray Firth ) ) St ) ) 5 ) )
developments**
Operational, Outer Firth of 5 (Only
construction, Forth*** - Seagreen - 5 = = 5 =
consented Phase 1)
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Run

Guillemot Razorbill 1

Developments

Puffin Kittiwake

Run Run Run Run
2 3 1 2

Operational, Outer Firth of

construction, Forth plus Bewick

consented, Bank*** ’ ) )
planning

* Include separately Aberdeen Bay, Kincardine and Hywind Scotland

** A combination of Beatrice Offshore Windfarm, Moray East Offshore windfarm and Moray West Offshore windfarm

*** Seagreen, Seagreen 1, Neart na Gaoithe, Inch Cape

***% This run did not include the Moray West Offshore windfarm as it did not fall in the puffin bounding box.
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3. Results

3.1. Matrix-based Approach
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3.1.1.  Species displacement matrices

Species- and season- specific displacement matrices are presented in Annex B, while Table 3.1 summarises the number of predicted mortalities at the selected displacement and
mortality levels (see Section 2.1.5). When mean seasonal peak abundance estimates were zero, the number of impacted individuals is also reported as zero and no associated
displacement matrix is presented. For guillemot and puffin, the overall non-breeding season only comprises the over winter period, hence the results are the same and only presented
once in Annex B.

Table 3.1: Summary of number of predicted mortalities from the displacement matrices. All values have been rounded to 2 decimal places for table formatting only.

Displacement  Displacement Mortality level Breeding  Non-breeding Non-breeding sub-periods

Species area level (%) (%) season season total Autumn migration Spring migration Non-breeding

Red- AA 100% 1% 0.06 0.00 0.00 0.00 -

throated AA + 100% 1% 0.07 0.00 0.00 0.00 -
diver 4 km buffer

Guillemot AA 60% 1% - 40.34 - - 40.34

3% 124.94 121.02 - - 121.02

5% 208.23 - - - -

AA + 60% 1% - 71.18 - - 71.18

2 km buffer 3% 236.20 213.53 - - 213.53

5% 393.67 - - - -

Razorbill AA 60% 1% - 6.23 5.66 0.41 0.16

3% 18.76 18.67 16.98 1.22 0.47

5% 31.27 - - - -

AA + 2 km buffer 60% 1% - 9.28 8.33 0.7 0.25

3% 27.88 27.84 24.99 2.1 0.75

5% 46.46 - - - -

Arctic tern AA 30% 3% 2.04 0.00 0.00 - 0.00

40% 3% 2.72 0.00 0.00 - 0.00
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Non-breeding sub-periods

Displacement Displacement Mortality level Breeding Non-breeding
Species area level (%) (%) season season total Autumn migration Spring migration Non-breeding
50% 3% 341 0.00 0.00 - 0.00
AA + 30% 3% 2.64 0.00 0.00 - 0.00
2 km buffer 40% 3% 3.52 0.00 0.00 - 0.00
50% 3% 4.41 0.00 0.00 - 0.00
Puffin AA 60% 1% - 6.65 - - 6.65
3% 19.96 19.96 - - 19.96
5% 33.26 - - - -
AA + 60% 1% - 10.87 - - 10.87
2 km buffer 3% 32.62 32.62 - - 32.62
5% 54.36 - - - -
Kittiwake AA 30% 1% 5.55 1.35 0.10 1.25 -
3% 16.65 4.05 0.29 3.76 -
AA + 30% 1% 9.76 2.43 0.17 2.25 -
2 km buffer 3% 29.27 7.28 0.52 6.76 :
Gannet AA 70% 1% 1.82 2.72 2.44 0.28 -
3% 5.45 8.15 7.31 0.84 -
AA + 70% 1% 4.18 4.67 4.15 0.52 -
2 km buffer 3% 12.55 14.00 12.45 1.56 -
Manx AA 30% 1% 0.01 - - - -
shearwater 10% 0.15 _ i i _
70% 1% 0.03 - - - -
10% 0.35 - - - -
AA + 30% 1% 0.03 - - - -
2 km buffer 10% 0.30 _ _ _ )
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Displacement  Displacement Mortality level Breeding  Non-breeding Non-breeding sub-periods

Species area level (%) (%) season season total Autumn migration Spring migration Non-breeding

70% 1% 0.07 -

10% 0.70 =
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3.2. SeabORD

The results of the SeabORD simulations are presented in the tables below. For each species, changes in annual
adult and chick mortalities are presented as the number of adults that are not expected to survive the year or chicks
not surviving the chick-rearing season during the baseline period and when the proposed development is present
(i.e. impact). These numbers are then used to estimate the potential number of additional mortalities caused by the
presence of the proposed development and changes in mortality rates. Furthermore, other metrics such as the
number of adults directly impacted by the windfarm, or changes in body mass, distance travelled, and number of
trips travelled in response to the presence of the development in moderate years are also presented. In some
instances, SeabORD results during impact scenarios showed a net benefit to simulated energy budgets and
subsequently adult bird mass and chick survival, when compared to baseline scenarios with the Proposed
Development absent. It was presumed these arise if birds are displaced closer to their colony, thus reducing the
energetic cost of foraging. Where such positive results were estimated by SeabORD they have been presented
here. However, as a precautionary approach, when taken forward to assessment and PVA (Offshore Ornithology
Population Viability Analysis Report (Volume 3, Appendix 11.5)) such positive impacts were changed to zeros.

Muir Mhor Offshore Wind Farm
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3.2.1. Guillemot

Table 3.2: Mean predicted guillemot adult annual mortalities and survival rates with and without displacement and barrier effects from the proposed development.

Population size Baseline mortality Impact mortality Additional mortalities Baseline mortality rate Impact mortality rate Percentage point difference (95% confidence

(adults) Year type (adults) (adults) (adults) (C)] (%) intervals)

Buchan Ness to Collieston 40,762 Poor 9,090.5 (+30.45) 9,090.8 (+27.71 0.3 22.3 22.3 0.001 (-0.028 - 0.029)
Coast Moderate 4,466.5 (+17.32) 4,465.2 (+15.98 -1.3 10.96 10.95 -0.003 (-0.027 - 0.021)
Good 3,5632.3 (£6.73) 3,529.5 (£7.59 -2.8 8.67 8.66 -0.007 (-0.026 - 0.012)

Troup, Pennen and Lion's 47,718 Poor 10,674.8 (x14.01) 10,676 (+13.01 1.2 22.37 22.37 0.003 (-0.006 - 0.011)
Heads Moderate 5,500.2 (+35.14) 5,500.3 (+35.29 0.1 11.53 11.53 0 (-0.004 - 0.005)
Good 4,166 (+26.52) 4,167.4 (+27.26 1.4 8.73 8.73 0.003 (-0.005 - 0.01)

Table 3.3: Mean predicted guillemot chick mortalities and survival rates during the chick-rearing season with and without displacement and barrier effects from the proposed development.

Percent additional mortality (95%

Number of chicks* Baseline mortality (chicks) Impact mortality (chicks) Additional mortalities (chicks) confidence intervals)
Buchan Ness to Collieston Coast 20,381 3,141.0 3,140.6 -0.4 -0.002 (-0.046 - 0.042)
23,859 3,840.9 3,843.2 2.3 0.01 (-0.015 - 0.034)

Troup, Pennen and Lion's Heads

*SeabORD assumes one chick per pair of adults simulated.

Table 3.4:  SeabORD outputs for guillemot at the two colonies in a moderate chick-rearing period.

Additional total Number of adults
Additional distance number of trips flown directly impacted by
Proportion of the flown when when development the development Scenario Adult survival at end

population in the Number of adults  development present present vs not (displaced or (development present of breeding season Initial adult body Final adult body mass
simulation  birds in simulation vs not present (km) present barriered)* / not present) (%) mass (g) (©)]
Buchan Ness to 1 40,762 -0.235 (+0.293) -0.003 (£0.002) 2,811 Not present 100 (x0) 920.15 (x0) 864.65 (+16.466)
Collieston Coast Present 100 (20) 920.15 (+0) 864.65 (+16.451)
Troup, Pennen and 1 47,718 0.119 (x0.02) 0 (x0) 994 Not present 100 (x0) 920.32 (x0) 863.95 (£16.547)
Lion's Heads Present 100 (20) 920.32 (+0) 863.94 (+16.544)

* The number of adults directly impacted includes any adults that were displaced and/or barriered at least once during the chick-rearing period. Direct impacts do not always result in mortality.
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3.2.2. Razorbill

Table 3.5:

Population size

(adults)

Year type

Baseline mortality
(CLINE))

Impact mortality
(adults)

Additional mortalities
(adults)

Baseline mortality rate

Mean predicted razorbill adult annual mortalities and survival rates with and without displacement and barrier effects from the porposed development.

(%)

Impact mortality rate

(%)

Percentage point difference (95% confidence

intervals)

Fowlsheugh

20,870 Poor 4,982.6 (+21.48) 4,985.3 (+22.78 2.7 23.87 23.89 0.013 (-0.016 - 0.042)
Moderate 2,734.9 (£15.07) 2,735.5 (+14.89 0.6 13.1 13.11 0.003 (-0.017 - 0.023)
Good 1,509.8 (+x17.46) 1,510.8 (¥17.6 1.0 7.23 7.24 0.005 (-0.013 - 0.023)
Troup, Pennen and Lion's 8,802 Poor 2,364.8 (¥23.61) 2,365.6 (£23.38 0.8 26.87 26.88 0.009 (-0.016 - 0.034)
Heads Moderate 1,356 (+19.63) 1,356.8 (+20.88 0.8 15.41 15.41 0.009 (-0.035 - 0.053)
Good 712.9 (¥15.67) 713 (+15.46 0.1 8.10 8.1 0.001 (-0.034 - 0.036)

Table 3.6:  Mean predicted razorbill chick mortalities and survival rates during the chick-rearing season with and without displacement and barrier effects from the proposed development

Percent additional mortality (95%

Number of chicks*

Fowlsheugh

Troup, Pennen and Lion's Heads

*SeabORD assumes one chick per pair of adults simulated.

Table 3.7:

Proportion of
the
population in
the
simulation

10,435

4,401

Additional distance
flown when
development present

Number of
adults birds in
simulation

Baseline mortality (chicks)
1,551.7

732.1

SeabORD outputs for razorbill at the three colonies in a moderate chick-rearing period.

Additional total
number of trips
flown when
development
present vs not

Number of adults directly
impacted by the
development (displaced or

Impact mortality (chicks)

15

Scenario

(development
present / not

554.5

732.5

Adult survival at end of

Additional mortalities (chicks)

2.8
0.4

Initial adult body mass

confidence intervals)
0.027 (-0.018 - 0.072)

0.009 (-0.029 - 0.047)

Vs not present (km)

present barriered)*

present)

breeding season (%)

@

Final adult body mass (g)

Fowlsheugh 1 20,870 0.525 (+0.071) 0.001 (0) 1,012 Not present 100 (0) 582.96 (+0) 547.93 (+11.081)

Present 100 (0) 582.96 (+0) 547.91 (+11.077)
Troup, Pennen and 1 8,802 0.34 (+0.047) 0.001 (+0.001) 390 Not present 100 (+0) 582.39 (+0) 545.14 (+11.167)
Lion's Heads Present 100 (0) 582.39 (+0) 545.12 (+11.163)

* The number of adults directly impacted includes any adults that were displaced and/or barriered at least once during the chick-rearing period. Direct impacts do not always result in mortality.
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3.2.3.  Puffin

Table 3.8:

scaled mortality for the whole population is also presented. Additional mortalities were calculated from the scaled baseline and scaled impact mortalities.

Population
size

Baseline mortality

Scaled baseline

Impact mortality

Scaled impact mortality

Additional
mortalities

Baseline mortality

Impact mortality rate

Mean predicted puffin adult annual mortalities and survival rates with and without displacement and barrier effects from the proposed development. Baseline and impact mortality are derived from runs including 20% of the population, hence

Percentage point
difference (95%

(adults) Year type (adults) mortality (adults) (adults) (adults) (adults) rate (%) (%) confidence intervals)

Coquet Island 50,060 Poor 5,154.6 (¥114.26) 10,309.2 5,154.5 (¥114.87) 10,309.0 -0.2 10.3 10.3 0.000 (-0.010 - 0.009)
Moderate 3,743.4 (+86.89) 7,486.8 3,744.3 (+87.57) 7,488.6 1.8 7.48 7.48 0.004 (-0.008 - 0.015)

Good 2,051.5 (¥51.55) 4,103.0 2,053.5 (¥51.32) 4,107.0 4 4.1 4.1 0.008 (-0.005 - 0.021)

Farne Islands 87,500 Poor 7,883.7 (¥41.83) 15,767.4 7,887.8 (x44.41) 15,775.6 8.2 9.01 9.01 0.009 (-0.008 - 0.027)
Moderate 5,640.9 (¥55.14) 11,281.8 5,643.0 (¥53.82) 11,286.0 4.2 6.45 6.45 0.005 (-0.008 - 0.018)

Good 2,992.8 (+25.36) 5,985.6 2,995.4 (+25.05) 5,990.8 5.2 3.42 3.42 0.006 (-0.006 - 0.018)

Forth Islands 90,290 Poor 8,788.5 (x72.54) 17,577.0 8,795.8 (¥73.01) 17,591.6 14.6 9.73 9.74 0.016 (0.007 - 0.025)
Moderate 6,247.5 (¥46.22) 12,495.0 6,252.6 (+46.98) 12,505.2 10.2 6.92 6.92 0.011 (-0.009 - 0.032)

Good 3,407.5 (¥33.67) 6,815.0 3,410.4 (x36.39) 6,820.8 5.8 3.77 3.78 0.006 (-0.013 - 0.026)

Table 3.9:

the population, hence scaled mortality for the whole population is also presented. Additional mortalities were calculated from the scaled baseline and scaled impact mortalities.

Baseline mortality

Number of chicks*

(chicks)

Scaled baseline mortality

(chicks)

Impact mortality (chicks)

Scaled impact mortality

(chicks)

Additional mortalities

(chicks)

Mean predicted puffin chick mortalities and survival rates during the chick-rearing season with and without displacement and barrier effects from the proposed development. Baseline and impact mortality are derived from runs including 20% of

Percent additional mortality
(95% confidence intervals)

Coquet Island
Farne Islands

Forth Islands

25,030
43,752
45,146

1,168.9
2,032.2
2,263.4

2,337.8
4,064.4
4,526.8

1,168.8
2,032.6
2,266.3

2,337.6
4,065.2
4,532.6

-0.2
0.8
5.8

-0.001 (-0.022 - 0.02)
0.002 (-0.019 - 0.023)
0.013 (-0.027 - 0.053)

*SeabORD assumes one chick per pair of adults simulated.

Table 3.10:

Proportion
of the
population
in the
simulation

Number of
adults birds in
simulation

Additional
distance flown
when development
present vs not
present (km))

Additional total
number of trips
flown when
development
present vs not
present

Number of adults
directly impacted by the
development (displaced

or barriered)*

Scaled number of adults
directly impacted by the
development (displaced

or barriered)*

Scenario
(developme
nt present /
not present)

Adult survival at end of
breeding season (%)

Initial adult body
mass (g)

SeabORD outputs for puffin at the three colonies in a moderate chick-rearing period. Baseline and impact mortality are derived from runs including 20% of the population, hence scaled mortality for the whole population is also presented.

Final adult body
mass (g)

Coquet Island 0.5 25,030 0.654 (+0.076) 0.001 (+0.001) 1,076 2,152 Not present 100 (+0.01) 392.66 (0) 369.68 (+7.884)
Present 100 (+0.01) 392.66 (+0) 369.67 (+7.886)
Farne Islands 0.5 43,752 0.404 (+0.323) 0.000 (+0.002) 2,752 5,504  Not present 100 (+0.01) 392.72 (+0) 368.99 (+8.129)
Present 100 (0.01) 392.72 (+0) 368.98 (+8.129)
Eorth Islands 0.5 45,146 1.060 (+0.317) -0.001 (+0.002) 5,858 11,716  Not present 100 (+0.01) 392.79 (0) 369.55 (+8.078)
Present 100 (+0.01) 392.79 (+0) 369.52 (+8.084)

* The number of adults directly impacted includes any adults that were displaced and/or barriered at least once during the chick-rearing period. Direct impacts do not always result in mortality.
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3.2.4. Kittiwake

Table 3.11: Mean predicted kittiwake adult annual mortalities and survival rates with and without displacement and barrier effects from the proposed development. Baseline and impact mortality are derived from runs including 20% of the population, hence
scaled mortality for the whole population is also presented. Additional mortalities were calculated from the scaled baseline and scaled impact mortalities

Additional Percentage point

Population Baseline mortality Scaled baseline Impact mortality Scaled impact mortality mortalities Baseline mortality Impact mortality rate difference (95%

size (adults) Year type (adults) mortality (adults) (adults) (adults) (adults) rate (%) (%) confidence intervals)

Buchan Ness to 27,096 Poor 5,308.2 (¥54.23) 10,616.4 5,310.5 (¥53.92) 10,621.0 4.6 19.59 19.60 0.017 (-0.018 - 0.052)
Collieston Coast Moderate 3,571.2 (+42.96) 7,142.4 3,573.8 (+41.34) 7,147.6 5.2 13.18 13.19 0.019 (-0.021 - 0.059)
Good 2,105.7 (+13.07) 4,211.4 2,106.5 (+11.85) 4213.0 1.6 7.77 7.77 0.006 (-0.040 - 0.052)

East Caithness 48,960 Poor 9,644.1 (¥103.83) 19,288.2 9,645.5 (+103.61) 19,291.0 2.8 19.7 19.7 0.006 (-0.021 - 0.033)
Cliffs Moderate 6,593.5 (+121.26) 1,3187.0 6,595.4 (+120.88) 1,3190.8 3.8 13.47 13.47 0.008 (-0.003 - 0.018)
Good 3,994.8 (+096.62) 7,989.6 3,996.4 (x097.02) 7,992.8 3.2 8.16 8.16 0.007 (-0.007 - 0.020)

Forth islands 13,244 Poor 2,426.8 (+24.66) 4,853.6 2,426.8 (+25.22) 4,853.6 0 18.32 18.32 0.000 (-0.038 - 0.038)
Moderate 1,677.6 (+18.85) 3, 3605.2 1,678.1 (+18.87) 3,356.2 1 12.67 12.67 0.008 (-0.047 - 0.062)

Good 948.7 (£19.08) 1,897.4 949.0 (£19.29) 1,898.0 0.6 7.16 7.17 0.005 (-0.013 - 0.022)

Fowlsheugh 30,968 Poor 6,227.4 (+37.85) 12,454.8 6,230.2 (+37.90) 12,460.4 5.6 20.11 20.12 0.018 (-0.034 - 0.07)
Moderate 4,137.0 (£20.77) 8,274.0 4,136.0 (x21.12) 8,272.0 -2.0 13.36 13.36 -0.006 (-0.038 - 0.025)

Good 2,540.1 (¥15.38) 5,080.2 2,541.0 (¥16.71) 5,082.0 1.8 8.20 8.21 0.006 (-0.048 - 0.060)

St Abb’s Head to 9,160 Poor 1,738.6 (x09.89) 3,477.2 1,738.3 (x9.65) 3,476.6 -0.6 18.98 18.98 -0.007 (-0.042 - 0.028)
Fast Castle Moderate 1,139.3 (+10.18) 2,278.6 1,137.8 (+10.36) 2,275.6 -3.0 12.44 12.42 -0.033 (-0.069 - 0.004)
Good 692.6 (+08.22) 1,385.2 691.5 (+8.54) 1,383.0 2.2 7.56 7.55 -0.024 (-0.053 — 0.005)

Troup, Pennan 27,344 Poor 5,399.4 (+36.43) 10,798.8 5,401.8 (¥35.73) 10,803.6 4.8 19.75 19.75 0.018 (-0.028 - 0.063)
and Lion’s Head Moderate 3,642.2 (+20.20) 7,284.4 3,644.6 (+20.60) 7,289.2 4.8 13.32 13.33 0.018 (-0.024 - 0.059)
Good 2,228.1 (¥15.74) 4,456.2 2,228.0 (+16.85) 4,456.0 -0.2 8.15 8.15 -0.001 (-0.039 - 0.037)

Table 3.12: Mean predicted kittiwake chick mortalities and survival rates during the chick-rearing season with and without displacement and barrier effects from the proposed development. Baseline and impact mortality are derived from runs including 20%
of the population, hence scaled mortality for the whole population is also presented. Additional mortalities were calculated from the scaled baseline and scaled impact mortalities.

Baseline mortality Scaled baseline mortality Scaled impact  Additional mortalities  Percent additional mortality (95%

Number of chicks* (chicks) (chicks) Impact mortality (chicks) mortality (chicks) (chicks) confidence intervals)

Buchan Ness to Collieston Coast 13,548 3,647.4 7,294.8 3,653.8 7,307.6 12.8 0.094 (-0.023 - 0.211)
East Caithness Cliffs 24,480 7,130.5 14,261.0 7,133.2 14,266.4 5.4 0.022 (-0.007 - 0.051)
Forth islands 6,622 1,947.3 3,894.6 1,947.7 3,895.4 0.8 0.012 (-0.057 - 0.081)
Fowlsheugh 15,484 4,314.0 8,628.0 4,321.0 8,642.0 14.0 0.09 (-0.028 - 0.209)
St Abb’s Head to Fast Castle 4,580 1,334.9 2,669.8 1,336.5 2,673.0 3.2 0.07 (-0.101 - 0.240)
13,672 3,519.3 7,038.6 3,523.4 7,046.8 8.2 0.06 (-0.012 - 0.132)

Troup, Pennan and Lion’s Head

*SeabORD assumes one chick per pair of adults simulated.
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Table 3.13: SeabORD outputs for kittiwake at the six colonies in a moderate chick-rearing period. Baseline and impact mortality are derived from runs including 20% of the population, hence scaled mortality for the whole population is also presented.

Additional total Scaled number of
Additional distance number of trips Number of adults adults directly
flown when flown when directly impacted impacted by the Scenario
Proportion of the development development by the development development (development  Adult survival at

population in the Number of adults present vs not present vs not (displaced or (displaced or present / not end of breeding Initial adult body Final adult body
simulation birds in simulation present (km) present barriered)* barriered)* present) season (%) mass (g) mass (g)
Buchan Ness to 0.5 13,548 1.530 (+1.052) -0.016 (+0.009) 2,493 4,986 Not present 100 (+0) 372.79 (x0) 344.94 (+5.292)
Collieston Coast Present 100 (+0) 372.79 (0) 344.91 (+5.283)
East Caithness Cliffs 0.5 24,480 0.203 (+0.108) -0.003 (+0.001) 1,121 2,242 Not present 100 (+0) 372.56 (+0) 345.98 (+5.004)
Present 100 (+0) 372.56 (+0) 345.98 (+5.003)
Forth islands 0.5 6,622 1.044 (+0.316) 0.000 (+0.003) 420 840 Not present 100 (+0) 372.62 (+0) 346.41 (+5.143)
Present 100 (x0) 372.62 (0) 346.40 (£5.137)
Fowlsheugh 0.5 15,484 1.303 (+0.896) -0.011 (+0.007) 2,284 4,568 Not present 100 (+0) 372.38 (+0) 345.67 (+5.335)
Present 100 (+0) 372.38 (+0) 345.65 (+5.326)
St Abb’s Head to 0.5 4,580 -0.395 (+0.347) -0.012 (+0.004) 272 544 Not present 100 (+0) 372.75 (+0) 346.44 (+5.130)
Fast Castle Present 100 (£0) 372.75 (£0) 346.45 (+5.130)
Troup, Pennan and 0.5 13,672 0.785 (+0.799) -0.009 (+0.007) 1,733 3,466 Not present 100 (+0) 372.67 (+0) 345.20 (+5.673)
Lion’s Head Present 100 (0) 372.67 (+0) 345.17 (+5.666)

* The number of adults directly impacted includes any adults that were displaced and/or barriered at least once during the chick-rearing period. Direct impacts do not always result in mortality.
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3.3.  SeabORD Cumulative Impact Assessment

Individual cumulative run outputs are presented in Annex C. While Table 3.14 presents a comparison between the
predicted additional adult and chick mortalities and number of birds impacted in runs with the proposed development
only and cumulative run for all the colonies.

Table 3.14: Additional adult and chick mortalities and number of birds impacted for the porposed development
only and cumulative runs in a moderate year. Numbers for puffin and kittiwake have been scaled as
models were run with 50% and 10% of the population respectively.

Additional Additional Number of

adult chick birds

Species Scenario mortality mortality impacted

Guillemot g ,chan Ness to 40,762 Proposed -1.3 -0.4 2,811
Collieston Coast development

Cumulative 221.6 1,990.2 20,475

Troup, Pennen 47,718 Proposed 0.1 2.3 994
and Lion's Heads development

Cumulative 22.6 349.7 8,340

Razorbill Fowlsheugh Proposed 0.6 2.8 1,012
development

Cumulative 179.8 460.2 12,380

Troup, Pennen Proposed 0.8 0.4 390
and Lion's Heads development

Cumulative 16.2 89.8 2,422

Puffin Coquet Island 50,060 Proposed 1.8 -0.2 2,152
development

Cumulativel 19.0 3.2 3,870

Cumulative 2 190.5 25.5 19,970

Cumulative 3 434.0 67.2 27,245

Farne Islands 87,500 Proposed 4.2 0.8 5,504
development

Cumulative 1 54.0 9.4 10,045

Cumulative 2 455.5 87.5 44,075

Cumulative 3 1,365.0 265.0 51,960

Forth Islands 90,290 Proposed 10.2 5.8 11,716
development

Cumulative 1 114.0 23.2 26,910

Cumulative 2 4,397.0 956.6 52,245

Cumulative 3 12,2425 2,981.0 54,245

Kittiwake Buchan Ness to 27,096 Proposed 5.2 12.8 4,986
Collieston Coast development

Cumulative 1 144 31.7 8,260

Muir Mhor Offshore Wind Farm
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Additional Additional Number of

adult chick birds

Species Scenario mortality mortality impacted

Cumulative 2 166.0 34.1 8,270

Cumulative 3 142.0 31.9 8,280

East Caithness 48,960 Proposed 3.8 5.4 2,242
Cliffs development

Cumulative 1 48 7.7 14,650

Cumulative 2 39.0 10.1 7,990

Cumulative 3 -47.0 42.6 8,230

Forth islands 13,244 Proposed 1 0.8 840
development

Cumulative 1 -5 B 2,090

Cumulative 2 132.0 65.7 3,960

Cumulative 3 20.0 9.2 3,960

Fowlsheugh 30,968 Proposed -2.0 14.0 4,568
development

Cumulative 1 113 30.5 8,990

Cumulative 2 293.0 94.4 8,990

Cumulative 3 115.0 33.8 8,990

St Abb’s Head to 9,160 Proposed -3.0 3.2 544
Fast Castle development

Cumulative 1 -5 1.9 1,900

Cumulative 2 -2.0 2.9 2,930

Cumulative 3 8.0 5.8 2,950

Troup, Pennan 27,344 Proposed 4.8 8.2 3,466
and Lion’s Head development

Cumulative 1 18 9.5 8,190

Cumulative 2 27.0 19.7 7,760

Cumulative 3 20.0 11.9 7,810

Summary

Assessment of displacementimpacts was assessed for eight species during their breeding and non-breeding season
using the Matrix Approach. A summary of this is provided in Table 3.1.

Muir Mhor Offshore Wind Farm
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Annexes
A. Monthly Peak Abundances

Table A. 1 presents species specific maximum monthly densities recorded in each season for each survey year.
Values were extracted from the Offshore Ornithology Density and Abundance Report (Volume 3, Appendix 11.6). A
mean value between the two survey years was taken to calculate the mean seasonal peak abundance (see Table
2.3). Using guillemot in the breeding season as an example; Table 4.6 in the Offshore Ornithology Density and
Abundance Report (Volume 3, Appendix 11.6) gives the predicted, model-based, density and abundance of
guillemot in the AA, the AA plus a 2 km buffer and the AA plus a 4 km buffer. As outlined in Table 2.2 the breeding
season of guillemot begins in April and ends mid-August. Thus, the breeding season peak abundance of guillemot
in the AA plus a 2km buffer, in the first year of survey, is equal to the highest abundance estimate in Table 4.6 of
the Offshore Ornithology Density and Abundance Report (Volume 3, Appendix 11.6) between these months in that
area. As displayed in Table A. 1 below, this is 16,272.87 birds.
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Table A. 1:

Monthly peak abundance (birds) in each survey year — season combination used to calculate the mean seasonal peak abundance. Text in brackets in the species
column provides the source table of the numbers presented from the Offshore Ornithology Density and Abundance Report (Volume 3, Appendix 11.6), with the rest

of text in brackets stating the month in which the peak was observed.

Displacement

Breeding

Autumn migration

Non-breeding

Spring migration

Over winter

Species area
Red- AA 1 12.97 (May '21) 0 0 0
throated 2 0 0 0 0
diver AA + 4k 1 13.29 (May ‘21 0 0 0
(Source: i . ( ay )
Volume 3, buffer 2 0 0 0 0
Appendix 11.6,
Table 4.47)
Velvet AA 1 - - - 0
scoter 2 i ; - 0
(Source:
Volume 3, AA + 4 km 1 - - . 0
Appendix 11.6, buffer _ _ _
Table 4.41) 2 o
Guillemot AA 1 8,941.15 (Jul '21) - - 8,505.62 (Aug '21)
(Source: ‘ .
Volume 3, 2 4,940.53 (Aug 22) - - 4,940.53 (Aug 22)
Appendix 11.6, AA + 2 km 1 16,272.87 (Jul’ 21) - - 15,396.00 (Aug ‘21)
Table 4.6) buff
LR 2 9,972.08 (May ‘22) - - 8,329.36 (Aug ‘22)

Razorbill AA 1 396.78 (Jul ’'21) 198.91 (Aug '21) 21.02 (Mar '22) 46.13 (Nov '21)
ﬁi‘jﬁ:jjs 2 1,687.86 (Aug '22) 1,687.86 (Aug '22) 114.51 (Mar '23) 5.96 (Nov '22)
Appendix 11.6, AA + 2 km 1 657.14 (Jul ‘21) 336.38 (Aug ‘21) 46.63 (Mar '22) 73.90 (Nov ‘21)
Table 4.26)

buffer 2 2,440.16 (Aug ‘22) 2,440.16 (Aug 22) 186.54 (Mar '23) 9.64 (Nov ‘22)
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Non-breeding

Displacement Breeding Autumn migration Spring migration Over winter
Species area

Arctic tern AA 1 96.45 (Aug '21) 0 0 -
(Source: 5
Volume 3, 2 357.67 (Aug '22) 0 0 -
Appendix 11.6, AA + 2 km 1 118.94 (Aug ‘21) 0 (All ©21) 0 (Al ©21) -
Table 4.31)

buffer 2 468.53 (Aug ‘22) 0 (All ‘22) 0 (All ‘22) -
Common AA 1 22.17 (Aug '21) 0 (All '21) 0 (Al '21) -
tern (Source: 2 0 (All '22) 0 (All '22) 0 (All '22) -
Volume 3,
Appendix 11.6, AA + 2 km 1 22.23 (Aug’ ‘21) 0 (All '21) 0 (All '21) -
Table 4.42) buffer 2 0 (All ‘22) 0 (All '22) 0 (All '22) -
Puffin AA 1 900.26 (Aug '21) - - 900.26 (Aug '21)
(Source: g ,
Volume 3, 2 1,317.07 (Aug '22) - - 1,317.07 (Aug '22)
Appendix 11.6, AA + 2 km 1 1,259.03 (Aug ‘21) - - 1,259.03 (Aug ‘21)
Table 4.15)

buffer 2 2,365.16 (Aug ‘22) - - 2,365.16 (Aug ‘22)
Kittiwake AA 1 624.21 (Jun '21) 22.31 (Nov '21) 288.41 (Apr'21) -
(Source: 9 y )
Volume 3, 2 3,075.22 (Aug '22) 42.40 (Nov '22) 547.09 (Mar '23) -
Appendix 11.6, AA + 2 km 1 1,081.81 (Jun ‘21) 41.11 (Nov ‘21) 524.11 (Apr ‘21) -
Table 4.10)

buffer 2 5,422.89 (Aug ‘22) 75.35 (Nov ‘22) 978.00 (Mar '23) -
Gannet AA 1 393.91 (Jun '21) 638.76 (Oct '21) 23.63 (Dec '21) -
(Source: 9 ‘ ,
Volume 3, 2 124.78 (Jun '22) 57.58 (Oct ‘22) 56.66 (Mar '23) -
Appendix 11.6, AA + 2 km 1 996.49 (Jun ‘21) 1,071.80 (Oct ‘21) 43.40 (Dec ‘21) -
Table 4.22)

buffer 2 198.36 (Jun ‘22) 113.45 (Oct 22) 104.86 (Mar '23) -

AA 1 9.98 (Aug '21) - - 0 (Al '21)
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Non-breeding

Displacement Breeding Autumn migration Spring migration Over winter
Species area
Black- 2 0 (All '22) 0 (All ‘22)
headed AA + 2 km 1 10.01 (Aug ‘21) 0 (All ‘21)
gull (source: buffer . .
Volume 3, 2 0 (All ‘22) 0 (All ‘22)
Appendix 11.6,
Table 4.45)
Manx AA 1 0 (All '21) -
shearwater 2 9.98 (Jun '22) _
(Source:
Volume 3, AA + 2 km 1 10.01 (May ‘21) -
Appendix 11.6, buffer ¢ _
Table 4.40) 2 10.01 (Jun ‘22)

Source: Offshore Ornithology Density and Abundance Report (Volume 3, Appendix 11.6)
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B. Displacement matrices

This annex presents seasonal matrices for each species representing predicted numbers of mortality across a range of displacement and mortality levels. Levels considered for assessment are colour coded in a dark green as per the rates detailed in Table
2.4, while light green cells represent other values considered as per NatureScot guidance (NatureScot 2023a). Results are only presented for those seasons in which at least one observation occurred.

B.1. Red-throated diver

Red-throated diver displacement matrices for their breeding season (Table A.2— AA only, Table A.3— AA and 4 km buffer). Results for other seasons were not presented as there was no occurrence.

B.1.1. Breeding season

Table A.2:  Red-throated breeding season (May — Mid September) displacement matrix (bottom-right corner represent abundance at the AA). The final estimate, as per NatureScot guidance, is colour coded with dark green representing the rates per
Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

Displacement level (%)

Displacement is expected around 100% and mortality around 1% (SNCB, 2022b).
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Table A.3:  Red-throated breeding season (May — Mid September) displacement matrix (bottom-right cell represent abundance at the AA plus a 4 km buffer). The final estimate, as per NatureScot guidance, is colour coded with dark green representing
the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.03 0.03 0.04 0.05 0.05 0.06 0.07

10 0.00 0.01 0.01 0.02 0.03 0.03 0.07 0.13 0.20 0.27 0.33 0.40 0.47 0.53 0.60 0.66

S 20 0.00 0.01 0.03 0.04 0.05 0.07 0.13 0.27 0.40 0.53 0.66 0.80 0.93 1.06 1.20 1.33
N 30 0.00 0.02 0.04 0.06 0.08 0.10 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.79 1.99
g 40 0.00 0.03 0.05 0.08 0.11 0.13 0.27 0.53 0.80 1.06 1.33 1.60 1.86 2.13 2.39 2.66
% 50 0.00 0.03 0.07 0.10 0.13 0.17 0.33 0.66 1.00 1.33 1.66 1.99 2.33 2.66 2.99 3.32
s 0.00 0.04 0.08 0.12 0.16 0.20 0.40 0.80 1.20 1.60 1.99 2.39 2.79 3.19 3.50 3.99
-‘2 70 0.00 0.05 0.09 0.14 0.19 0.23 0.47 0.93 1.40 1.86 2.33 2.79 3.26 3.72 4.19 4.65
80 0.00 0.05 0.11 0.16 0.21 0.27 0.53 1.06 1.60 2.13 2.66 3.19 3.72 4.25 4.79 5.32

90 0.00 0.06 0.12 0.18 0.24 0.30 0.60 1.20 1.79 2.39 2.99 3.50 4.19 4.79 5.38 5.98

100 0.00 _ 0.13 0.20 0.27 0.33 0.66 1.33 1.99 2.66 3.32 3.99 4.65 5.32 5.98 6.65

Displacement is expected around 100% and mortality around 1% (SNCB, 2022b).
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B.2. Guillemot

Guillemot displacement matrices for their breeding season (Table A.4 — AA only, Table A.5 — AA and 2 km buffer) and, for over winter and non-breeding season (Table A.6 — AA only, Table A.7 — AA and 2 km buffer).

B.2.1. Breeding season

Table A.4:  Guillemot breeding season (April — Mid August) displacement matrix (bottom right corner represent abundance of at the AA). The final estimates, as per NatureScot guidance, are colour coded with dark green representing the rates per
Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.69 1.39 2.08 2.78 3.47 6.94 13.88 20.82 27.76 34.70 41.65 48.59 55.53 62.47 69.41

10 0.00 6.94 13.88 20.82 27.76 34.70 69.41 138.82 208.23 277.63 347.04 416.45 485.86 555.27 624.68 694.08

g 20 0.00 13.88 27.76 41.65 55.53 69.41 138.82 277.63 416.45 555.27 694.08 832.90 971.72 1,110.53 1,249.35 1,388.17
E’ 30 0.00 20.82 41.65 62.47 83.29 104.11 208.23 416.45 624.68 832.90 1,041.13 1,249.35 1,457.58 1,665.80 1,874.03 2,082.25
g 40 0.00 27.76 55.53 83.29 111.05 138.82 277.63 555.27 832.90 1,110.53 1,388.17 1,665.80 1,943.44 2,221.07 2,498.70 2,776.34
% 50 0.00 34.70 69.41 104.11 138.82 173.52 347.04 694.08 1,041.13 1,388.17 1,735.21 2,082.25 2,429.29 2,776.34 3,123.38 3,470.42
LLU) 60 0.00 41.65 83.29 166.58 416.45 832.90 1,249.35 1,665.80 2,082.25 2,498.70 2,915.15 3,331.60 3,748.05 4,164.50
g_ 70 0.00 48.59 97.17 145.76 194.34 242.93 485.86 971.72 1,457.58 1,943.44 2,429.29 2,915.15 3,401.01 3,886.87 4,372.73 4,858.59
80 0.00 55.53 111.05 166.58 222.11 277.63 555.27 1,110.53 1,665.80 2,221.07 2,776.34 3,331.60 3,886.87 4,442.14 4,997.40 5,652.67

90 0.00 62.47 124.94 187.40 249.87 312.34 624.68 1,249.35 1,874.03 2,498.70 3,123.38 3,748.05 4,372.73 4,997.40 5,622.08 6,246.76

100 0.00 69.41 138.82 208.23 277.63 347.04 694.08 1,388.17 2,082.25 2,776.34 3,470.42 4,164.50 4,858.59 5,552.67 6,246.76 6,940.84

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 60% and mortality 3% and 5%.
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Table A.5:

Mortality level (%)

Guillemot breeding season (April — Mid August) displacement matrix (bottom right corener represent abundance at the AA plus a 2 km buffer). The final estimates, as per NatureScot guidance, are colour coded with dark green representing
the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 1.31 2.62 3.94 5.25 6.56 13.12 26.24 39.37 52.49 65.61 78.73 91.86 104.98 118.10 131.22

10 0.00 13.12 26.24 39.37 52.49 65.61 131.22 262.45 393.67 524.90 656.12 787.35 918.57 1,049.80 1,181.02 1,312.25

g 20 0.00 26.24 52.49 78.73 104.98 131.22 262.45 524.90 787.35 1,049.80 1,312.25 1,574.70 1,837.15 2,099.60 2,362.05 2,624.50
E’ 30 0.00 39.37 78.73 118.10 157.47 196.84 393.67 787.35 1,181.02 1,574.70 1,968.37 2,362.05 2,755.72 3,149.39 3,543.07 3,936.74
g 40 0.00 52.49 104.98 157.47 209.96 262.45 524.90 1,049.80 1,574.70 2,099.60 2,624.50 3,149.39 3,674.29 4,199.19 4,724.09 5,248.99
% 50 0.00 65.61 131.22 196.84 262.45 328.06 656.12 1,312.25 1,968.37 2,624.50 3,280.62 3,936.74 4,592.87 5,248.99 5,905.11 6,561.24
E 60 0.00 78.73 157.47 314.94 787.35 1,574.70 2,362.05 3,149.39 3,936.74 4,724.09 5,511.44 6,298.79 7,086.14 7,873.49
-g- 70 0.00 91.86 183.71 275.57 367.43 459.29 918.57 1,837.15 2,755.72 3,674.29 4,592.87 5,511.44 6,430.01 7,348.59 8,267.16 9,185.73
80 0.00 104.98 209.96 314.94 419.92 524.90 1,049.80 2,099.60 3,149.39 4,199.19 5,248.99 6,298.79 7,348.59 8,398.38 9,448.18 10,497.98

90 0.00 118.10 236.20 354.31 472.41 590.51 1,181.02 2,362.05 3,543.07 4,724.09 5,905.11 7,086.14 8,267.16 9,448.18 10,629.21 11,810.23

100 0.00 131.22 262.45 393.67 524.90 656.12 1,312.25 2,624.50 3,936.74 5,248.99 6,561.24 7,873.49 9,185.73 10,497.98 11,810.23 13,122.48

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 60% and mortality 3% and 5%.
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B.2.2. Over winter and non-breeding season

Table A.6:  Guillemot over winter and overall non-breeding seasons (Mid August -February) displacement matrix (bottom right corner represent abundance at the AA). The final estimates, as per NatureScot guidance, are colour coded with dark green
representing the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.67 1.34 2.02 2.69 3.36 6.72 13.45 20.17 26.89 33.62 40.34 47.06 53.78 60.51 67.23

10 0.00 6.72 13.45 20.17 26.89 33.62 67.23 134.46 201.69 268.92 336.15 403.38 470.62 537.85 605.08 672.31

g 20 0.00 13.45 26.89 40.34 53.78 67.23 134.46 268.92 403.38 537.85 672.31 806.77 941.23 1,075.69 1,210.15 1,344.62
E’ 30 0.00 20.17 40.34 60.51 80.68 100.85 201.69 403.38 605.08 806.77 1,008.46 1,210.15 1,411.85 1,613.54 1,815.23 2,016.92
g 40 0.00 26.89 53.78 80.68 107.57 134.46 268.92 537.85 806.77 1,075.69 1,344.62 1,613.54 1,882.46 2,151.39 2,420.31 2,689.23
% 50 0.00 33.62 67.23 100.85 134.46 168.08 336.15 672.31 1,008.46 1,344.62 1,680.77 2,016.92 2,353.08 2,689.23 3,025.39 3,361.54
f_% 60 0.00 80.68 161.35 201.69 403.38 806.77 1,210.15 1,613.54 2,016.92 2,420.31 2,823.69 3,227.08 3,630.46 4,033.85
g- 70 0.00 47.06 94.12 141.18 188.25 235.31 470.62 941.23 1,411.85 1,882.46 2,353.08 2,823.69 3,294.31 3,764.92 4,235.54 4,706.16
80 0.00 53.78 107.57 161.35 215.14 268.92 537.85 1,075.69 1,613.54 2,151.39 2,689.23 3,227.08 3,764.92 4,302.77 4,840.62 5,378.46

90 0.00 60.51 121.02 181.52 242.03 302.54 605.08 1,210.15 1,815.23 2,420.31 3,025.39 3,630.46 4,235.54 4,840.62 5,445.69 6,050.77

100 0.00 67.23 134.46 201.69 268.92 336.15 672.31 1,344.62 2,016.92 2,689.23 3,361.54 4,033.85 4,706.16 5,378.46 6,050.77 6,723.08

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 60% and mortality 1% and 3%.

Table A.7:  Guillemot over winter and overall non-breeding seasons (Mid August -February) displacement matrix (bottom right corner represent abundance at the AA plus a 2 km buffer). The final estimates, as per NatureScot guidance, are colour
coded with dark green representing the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 1.19 2.37 3.56 4.75 5.93 11.86 23.73 35.59 47.45 59.31 71.18 83.04 94.90 106.76 118.63

10 0.00 11.86 23.73 35.59 47.45 59.31 118.63 237.25 355.88 47451 593.13 711.76 830.39 949.01 1,067.64 1,186.27

S 20 0.00 23.73 47.45 71.18 94.90 118.63 237.25 47451 711.76 949.01 1,186.27 1,423.52 1,660.78 |  1,898.03 |  2,135.28 2,372.54
30 0.00 35.59 71.18 106.76 142.35 177.94 355.88 711.76 1,067.64 |  1,423.52 1779.40 | 213528 | 2,491.16 | 2,847.04 |  3,202.92 3,558.80
g 40 0.00 47.45 94.90 142.35 189.80 237.25 474,51 949.01 1,423.52 1,898.03 | 237254 | 2847.04| 332155| 3796.06 | 427057 4,745.07
% 50 0.00 59.31 118.63 177.94 237.25 296.57 593.13 1,186.27 1,779.40 | 237254 | 296567 | 3,558.80 | 4,151.94 | 474507 | 5,338.21 5,931.34
B 60 0.00 ‘ 284.70 355.88 711.76 1,423.52 2,135.28 2,847.04 3,558.80 4,270.57 4,982.33 5,694.09 6,405.85 7,117.61
-‘g’L 70 0.00 83.04 166.08 249.12 332.16 415.19 830.39 1,660.78 | 2,491.16 | 332155 | 4,151.94 | 498233 | 581271 | 6,643.10 |  7,473.49 8,303.88
80 0.00 94.90 189.80 284.70 379.61 47451 949.01 1,898.03 | 2,847.04| 379606 | 474507 | 569409 | 6,643.10 | 759212 | 8541.13 9,490.15

90 0.00 106.76 213.53 320.29 427.06 533.82 1,067.64 | 213528 | 320292 | 427057 | 533821| 6,405.85| 7,473.49 | 854113 |  9,608.77 10,676.41

100 0.00 118.63 237.25 355.88 474,51 593.13 1,186.27 | 237254 | 3558.80 |  4,745.07 593134 | 7,117.61 | 8,303.88 | 9,490.15 | 10,676.41 11,862.68

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 60% and mortality 1% and 3%.
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B.3. Razorbhilll

Razorbill displacement matrices for their breeding season (Table A.8 — AA only, Table A.9 — AA and 2 km buffer), autumn migration (Table A.10 — AA only, Table A.11 — AA and 2 km buffer), spring migration (Table A.12 — AA only, Table A.13 — AA and 2 km
buffer), over winter (Table A.14 — AA only, Table A.15 — AA and 2 km buffer), and the overall non-breeding season (Table A.16 — AA only, Table A.17 — AA and 2 km buffer).

B.3.1. Breeding season

Table A.8: Razorbill breeding season (April — Mid August) displacement matrix (bottom right corner represent the abundance at the AA). The final estimates, as per NatureScot guidance, are colour coded with dark green representing the rates per
Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.10 0.21 0.31 0.42 0.52 1.04 2.08 3.13 4.17 5.21 6.25 7.30 8.34 9.38 10.42

10 0.00 1.04 2.08 3.13 4.17 5.21 10.42 20.85 31.27 41.69 52.12 62.54 72.96 83.39 93.81 104.23

g 20 0.00 2.08 4.17 6.25 8.34 10.42 20.85 41.69 62.54 83.39 104.23 125.08 145.92 166.77 187.62 208.46
E’ 30 0.00 3.13 6.25 9.38 12.51 15.63 31.27 62.54 93.81 125.08 156.35 187.62 218.89 250.16 281.43 312.70
g 40 0.00 4.17 8.34 12.51 16.68 20.85 41.69 83.39 125.08 166.77 208.46 250.16 291.85 333.54 375.24 416.93
% 50 0.00 521 10.42 15.63 20.85 26.06 52.12 104.23 156.35 208.46 260.58 312.70 364.81 416.93 469.04 521.16
E 60 0.00 6.25 12.51 25.02 62.54 125.08 187.62 250.16 312.70 375.24 437.77 500.31 562.85 625.39
-g- 70 0.00 7.30 14.59 21.89 29.18 36.48 72.96 145.92 218.89 291.85 364.81 437.77 510.74 583.70 656.66 729.62
80 0.00 8.34 16.68 25.02 33.35 41.69 83.39 166.77 250.16 333.54 416.93 500.31 583.70 667.09 750.47 833.86

90 0.00 9.38 18.76 28.14 37.52 46.90 93.81 187.62 281.43 375.24 469.04 562.85 656.66 750.47 844.28 938.09

100 0.00 10.42 20.85 31.27 41.69 52.12 104.23 208.46 312.70 416.93 521.16 625.39 729.62 833.86 938.09 1,042.32

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 60% and mortality 3% and 5%.

Table A.9:  Razorbill breeding season (April — Mid August) displacement matrix (bottom right corner represent the abundance at the AA plus a 2 km buffer). The final estimates, as per NatureScot guidance, are colour coded with dark green
representing the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.15 0.31 0.46 0.62 0.77 1.55 3.10 4.65 6.19 7.74 9.29 10.84 12.39 13.94 15.49

10 0.00 1.55 3.10 4.65 6.19 7.74 15.49 30.97 46.46 61.95 77.43 92.92 108.41 123.89 139.38 154.86

g 20 0.00 3.10 6.19 9.29 12.39 15.49 30.97 61.95 92.92 123.89 154.86 185.84 216.81 247.78 278.76 309.73
F>) 30 0.00 4.65 9.29 13.94 18.58 23.23 46.46 92.92 139.38 185.84 232.30 278.76 325.22 371.68 418.14 464.59
g 40 0.00 6.19 12.39 18.58 24.78 30.97 61.95 123.89 185.84 247.78 309.73 371.68 433.62 495.57 557.51 619.46
% 50 0.00 7.74 15.49 23.23 30.97 38.72 77.43 154.86 232.30 309.73 387.16 464.59 542.03 619.46 696.89 774.32
C_% 60 0.00 9.29 18.58 37.17 92.92 185.84 278.76 371.68 464.59 557.51 650.43 743.35 836.27 929.19
g 70 0.00 10.84 21.68 32.52 43.36 54.20 108.41 216.81 325.22 433.62 542.03 650.43 758.84 867.24 975.65 1,084.05
80 0.00 12.39 24.78 37.17 49.56 61.95 123.89 247.78 371.68 495.57 619.46 743.35 867.24 991.14 1,115.03 1,238.92

90 0.00 13.94 27.88 41.81 55.75 69.69 139.38 278.76 418.14 557.51 696.89 836.27 975.65 1,115.03 1,254.41 1,393.78

100 0.00 15.49 30.97 46.46 61.95 77.43 154.86 309.73 464.59 619.46 774.32 929.19 1,084.05 1,238.92 1,393.78 1,548.65

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 60% and mortality 3% and 5%.
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B.3.2. Autumn migration

Table A.10: Razorbill Autumn migration period (Mid August — October) displacement matrix (bottom right corner represent the abundance at the AA). The final estimates, as per NatureScot guidance, are colour coded with dark green representing the
rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.09 0.19 0.28 0.38 0.47 0.94 1.89 2.83 3.77 4.72 5.66 6.60 7.55 8.49 9.43

10 0.00 0.94 1.89 2.83 3.77 4.72 9.43 18.87 28.30 37.74 47.17 56.60 66.04 75.47 84.90 94.34

g 20 0.00 1.89 3.77 5.66 7.55 9.43 18.87 37.74 56.60 75.47 94.34 113.21 132.07 150.94 169.81 188.68
E’ 30 0.00 2.83 5.66 8.49 11.32 14.15 28.30 56.60 84.90 113.21 141.51 169.81 198.11 226.41 254.71 283.02
g 40 0.00 3.77 7.55 11.32 15.09 18.87 37.74 75.47 113.21 150.94 188.68 226.41 264.15 301.88 339.62 377.35
% 50 0.00 4.72 9.43 14.15 18.87 23.58 47.17 94.34 141.51 188.68 235.85 283.02 330.19 377.35 42452 471.69
f_% 60 0.00 11.32 22.64 28.30 56.60 113.21 169.81 226.41 283.02 339.62 396.22 452.83 509.43 566.03
g- 70 0.00 6.60 13.21 19.81 26.41 33.02 66.04 132.07 198.11 264.15 330.19 396.22 462.26 528.30 594.33 660.37
80 0.00 7.55 15.09 22.64 30.19 37.74 75.47 150.94 226.41 301.88 377.35 452.83 528.30 603.77 679.24 754.71

90 0.00 8.49 16.98 25.47 33.96 42.45 84.90 169.81 254.71 339.62 424.52 509.43 594.33 679.24 764.14 849.05

100 0.00 9.43 18.87 28.30 37.74 47.17 94.34 188.68 283.02 377.35 471.69 566.03 660.37 754.71 849.05 943.39

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 60% and mortality 1% and 3%.

Table A.11: Razorbill Autumn migration period (Mid August — October) displacement matrix (bottom right corner represent the abundance at the AA plus a 2 km buffer). The final estimates, as per NatureScot guidance, are colour coded with dark green
representing the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.14 0.28 0.42 0.56 0.69 1.39 2.78 4.16 5.55 6.94 8.33 9.72 11.11 12.49 13.88

10 0.00 1.39 2.78 4.16 5.55 6.94 13.88 27.77 41.65 55.53 69.41 83.30 97.18 111.06 124.94 138.83

g 20 0.00 2.78 5.55 8.33 11.11 13.88 27.77 55.53 83.30 111.06 138.83 166.59 194.36 22212 249.89 277.65
F; 30 0.00 4.16 8.33 12.49 16.66 20.82 41.65 83.30 124.94 166.59 208.24 249.89 291.54 333.18 374.83 416.48
g 40 0.00 5.55 11.11 16.66 22.21 27.77 55.53 111.06 166.59 222.12 277.65 333.18 388.72 444.25 499.78 555.31
% 50 0.00 6.94 13.88 20.82 27.77 34.71 69.41 138.83 208.24 277.65 347.07 416.48 485.89 555.31 624.72 694.13
f_% 60 0.00 16.66 Si8.e2 41.65 83.30 166.59 249.89 333.18 416.48 499.78 583.07 666.37 749.66 832.96
'(D% 70 0.00 9.72 19.44 29.15 38.87 48.59 97.18 194.36 291.54 388.72 485.89 583.07 680.25 777.43 874.61 971.79
80 0.00 11.11 22.21 33.32 44.42 55.53 111.06 222.12 333.18 444.25 555.31 666.37 777.43 888.49 999.55 1,110.61

90 0.00 12.49 24.99 37.48 49.98 62.47 124.94 249.89 374.83 499.78 624.72 749.66 874.61 999.55 1,124.50 1,249.44

100 0.00 13.88 27.77 41.65 55.53 69.41 138.83 277.65 416.48 555.31 694.13 832.96 971.79 1,110.61 1,249.44 1,388.27

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 60% and mortality 1% and 3%.
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B.3.3. Spring migration

Table A.12: Razorbill Spring migration period (January - March) displacement matrix (bottom right corner represent the abundance at the AA plus). The final estimates, as per NatureScot guidance, are colour coded with dark green representing the
rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

J 0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0.01 0.01 0.02 0.03 0.03 0.07 0.14 0.2 0.27 0.34 0.41 0.47 0.54 0.61 0.68

10 0 0.07 0.14 0.2 0.27 0.34 0.68 1.36 2.03 2.71 3.39 4.07 4.75 5.43 6.1 6.78

g 20 0 0.14 0.27 0.41 0.54 0.68 1.36 2.71 4.07 5.43 6.78 8.14 9.49 10.85 12.21 13.56
E’ 30 0 0.2 0.41 0.61 0.81 1.02 2.03 4.07 6.1 8.14 10.17 12.21 14.24 16.28 18.31 20.34
g 40 0 0.27 0.54 0.81 1.09 1.36 2.71 5.43 8.14 10.85 13.56 16.28 18.99 21.7 24.41 27.13
% 50 0 0.34 0.68 1.02 1.36 1.7 3.39 6.78 10.17 13.56 16.95 20.34 23.73 27.13 30.52 33.91
(_55) 60 0 0.81 1.63 2.03 4.07 8.14 12.21 16.28 20.34 24.41 28.48 32.55 36.62 40.69
-g- 70 0 0.47 0.95 1.42 1.9 2.37 4.75 9.49 14.24 18.99 23.73 28.48 33.23 37.98 42.72 47.47
80 0 0.54 1.09 1.63 2.17 2.71 5.43 10.85 16.28 217 27.13 32.55 37.98 43.4 48.83 54.25

90 0 0.61 1.22 1.83 2.44 3.05 6.1 12.21 18.31 24.41 30.52 36.62 42.72 48.83 54.93 61.03

100 0 0.68 1.36 2.03 271 3.39 6.78 13.56 20.34 27.13 33.91 40.69 47.47 54.25 61.03 67.81

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 60% and mortality 1% and 3%.

Table A.13: Razorbill Spring migration period (January - March) displacement matrix (bottom right corner represent the abundance at the AA plus a 2 km buffer). The final estimates, as per NatureScot guidance, are colour coded with dark green
representing the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0.01 0.02 0.03 0.05 0.06 0.12 0.23 0.35 0.47 0.58 0.7 0.82 0.93 1.05 1.17

10 0 0.12 0.23 0.35 0.47 0.58 1.17 2.33 3.5 4.66 5.83 6.99 8.16 9.33 10.49 11.66

g 20 0 0.23 0.47 0.7 0.93 117 2.33 4.66 6.99 9.33 11.66 13.99 16.32 18.65 20.98 23.32
E’ 30 0 0.35 0.7 1.05 14 1.75 3.5 6.99 10.49 13.99 17.49 20.98 24.48 27.98 31.48 34.97
g 40 0 0.47 0.93 1.4 1.87 2.33 4.66 9.33 13.99 18.65 23.32 27.98 32.64 37.31 41.97 46.63
% 50 0 0.58 1.17 1.75 2.33 2.91 5.83 11.66 17.49 23.32 29.15 34.97 40.8 46.63 52.46 58.29
§ 60 0 1.4 2.8 3.5 6.99 13.99 20.98 27.98 34.97 41.97 48.96 55.96 62.95 69.95
-(Q% 70 0 0.82 1.63 2.45 3.26 4.08 8.16 16.32 24.48 32.64 40.8 48.96 57.13 65.29 73.45 81.61
80 0 0.93 1.87 2.8 3.73 4.66 9.33 18.65 27.98 37.31 46.63 55.96 65.29 74.61 83.94 93.27

90 0 1.05 2.1 3.15 4.2 5.25 10.49 20.98 31.48 41.97 52.46 62.95 73.45 83.94 94.43 104.92

100 0 1.17 2.33 3.5 4.66 5.83 11.66 23.32 34.97 46.63 58.29 69.95 81.61 93.27 104.92 116.58

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 60% and mortality 1% and 3%.
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B.3.4. Non-breeding

Table A.14: Razorbill non-breeding period (November - December) displacement matrix (bottom right corner represent the abundance at the AA). The final estimates, as per NatureScot guidance, are colour coded with dark green representing the rates
per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.00 0.01 0.01 0.01 0.01 0.03 0.05 0.08 0.10 0.13 0.16 0.18 0.21 0.23 0.26

10 0.00 0.03 0.05 0.08 0.10 0.13 0.26 0.52 0.78 1.04 1.30 1.56 1.82 2.08 2.34 2.60

g 20 0.00 0.05 0.10 0.16 0.21 0.26 0.52 1.04 1.56 2.08 2.60 3.13 3.65 4.17 4.69 5.21
E’ 30 0.00 0.08 0.16 0.23 0.31 0.39 0.78 1.56 2.34 3.13 3.91 4.69 5.47 6.25 7.03 7.81
g 40 0.00 0.10 0.21 0.31 0.42 0.52 1.04 2.08 3.13 4.17 5.21 6.25 7.29 8.33 9.38 10.42
% 50 0.00 0.13 0.26 0.39 0.52 0.65 1.30 2.60 3.91 5.21 6.51 7.81 9.12 10.42 11.72 13.02
f_% 60 0.00 0.31 0.63 0.78 1.56 3.13 4.69 6.25 7.81 9.38 10.94 12.50 14.06 15.63
g- 70 0.00 0.18 0.36 0.55 0.73 0.91 1.82 3.65 5.47 7.29 9.12 10.94 12.76 14.58 16.41 18.23
80 0.00 0.21 0.42 0.63 0.83 1.04 2.08 4.17 6.25 8.33 10.42 12.50 14.58 16.67 18.75 20.83

90 0.00 0.23 0.47 0.70 0.94 117 2.34 4.69 7.03 9.38 11.72 14.06 16.41 18.75 21.10 23.44

100 0.00 0.26 0.52 0.78 1.04 1.30 2.60 5.21 7.81 10.42 13.02 15.63 18.23 20.83 23.44 26.04

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 60% and mortality 1% and 3%.

Table A.15: Razorbill non-breeding period (November - December) displacement matrix (bottom right corner represent the abundance at the AA plus a 2 km buffer). The final estimates, as per NatureScot guidance, are colour coded with dark green
representing the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.00 0.01 0.01 0.02 0.02 0.04 0.08 0.13 0.17 0.21 0.25 0.29 0.33 0.38 0.42

10 0.00 0.04 0.08 0.13 0.17 0.21 0.42 0.84 1.25 1.67 2.09 2.51 2.92 3.34 3.76 4.18

g 20 0.00 0.08 0.17 0.25 0.33 0.42 0.84 1.67 251 3.34 4.18 5.01 5.85 6.68 7.52 8.35
E) 30 0.00 0.13 0.25 0.38 0.50 0.63 1.25 251 3.76 5.01 6.27 7.52 8.77 10.02 11.28 12.53
g 40 0.00 0.17 0.33 0.50 0.67 0.84 1.67 3.34 5.01 6.68 8.35 10.02 11.70 13.37 15.04 16.71
% 50 0.00 0.21 0.42 0.63 0.84 1.04 2.09 4.18 6.27 8.35 10.44 12.53 14.62 16.71 18.80 20.89
L% 60 0.00 0.50 1.00 1.25 2.51 5.01 7.52 10.02 12.53 15.04 17.54 20.05 22.56 25.06
-g— 70 0.00 0.29 0.58 0.88 1.17 1.46 2.92 5.85 8.77 11.70 14.62 17.54 20.47 23.39 26.32 29.24
80 0.00 0.33 0.67 1.00 1.34 1.67 3.34 6.68 10.02 13.37 16.71 20.05 23.39 26.73 30.07 33.42

90 0.00 0.38 0.75 1.13 1.50 1.88 3.76 7.52 11.28 15.04 18.80 22.56 26.32 30.07 33.83 37.59

100 0.00 0.42 0.84 1.25 1.67 2.09 4.18 8.35 12.53 16.71 20.89 25.06 29.24 33.42 37.59 41.77

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 60% and mortality 1% and 3%.
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B.3.5. Overall non-breeding season

Table A.16: Razorbill overall non-breeding season (Mid August - March) displacement matrix (bottom right corner represent the abundance at the AA). The final estimates, as per NatureScot guidance, are colour coded with dark green representing the
rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0.1 0.21 0.31 0.41 0.52 1.04 2.07 3.11 4.15 5.19 6.22 7.26 8.3 9.34 10.37

10 0 1.04 2.07 3.11 4.15 5.19 10.37 20.74 31.12 41.49 51.86 62.23 72.61 82.98 93.35 103.72

g 20 0 2.07 4.15 6.22 8.3 10.37 20.74 41.49 62.23 82.98 103.72 124.47 145.21 165.96 186.7 207.45
E’ 30 0 3.11 6.22 9.34 12.45 15.56 31.12 62.23 93.35 124.47 155.59 186.7 217.82 248.94 280.06 311.17
g 40 0 4.15 8.3 12.45 16.6 20.74 41.49 82.98 124.47 165.96 207.45 248.94 290.43 331.92 373.41 414.9
% 50 0 5.19 10.37 15.56 20.74 25.93 51.86 103.72 155.59 207.45 259.31 311.17 363.04 414.9 466.76 518.62
L% 60 0 12.45 24.89 31.12 62.23 124.47 186.7 248.94 311.17 373.41 435.64 497.88 560.11 622.35
-g 70 0 7.26 14.52 21.78 29.04 36.3 72.61 145.21 217.82 290.43 363.04 435.64 508.25 580.86 653.46 726.07
80 0 8.3 16.6 24.89 33.19 41.49 82.98 165.96 248.94 331.92 414.9 497.88 580.86 663.84 746.82 829.8

90 0 9.34 18.67 28.01 37.34 46.68 93.35 186.7 280.06 373.41 466.76 560.11 653.46 746.82 840.17 933.52

100 0 10.37 20.74 31.12 41.49 51.86 103.72 207.45 311.17 414.9 518.62 622.35 726.07 829.8 933.52 1037.24

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 60% and mortality 1% and 3%.

Table A.17: Razorbill overall non-breeding season (Mid August - March) displacement matrix (bottom right corner represent the abundance at the AA plus a 2 km buffer). The final estimates, as per NatureScot guidance, are colour coded with dark
green representing the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0.15 0.31 0.46 0.62 0.77 1.55 3.09 4.64 6.19 7.73 9.28 10.83 12.37 13.92 15.47

10 0 1.55 3.09 4.64 6.19 7.73 15.47 30.93 46.4 61.86 77.33 92.8 108.26 123.73 139.2 154.66

g 20 0 3.09 6.19 9.28 12.37 15.47 30.93 61.86 92.8 123.73 154.66 185.59 216.53 247.46 278.39 309.32
E) 30 0 4.64 9.28 13.92 18.56 23.2 46.4 92.8 139.2 185.59 231.99 278.39 324.79 371.19 417.59 463.99
g 40 0 6.19 12.37 18.56 24.75 30.93 61.86 123.73 185.59 247.46 309.32 371.19 433.05 494.92 556.78 618.65
% 50 0 7.73 15.47 23.2 30.93 38.67 77.33 154.66 231.99 309.32 386.66 463.99 541.32 618.65 695.98 773.31
C_CB) 60 0 18.56 37.12 46.4 92.8 185.59 278.39 371.19 463.99 556.78 649.58 742.38 835.18 927.97
'(D% 70 0 10.83 21.65 32.48 43.31 54.13 108.26 216.53 324.79 433.05 541.32 649.58 757.84 866.11 974.37 1082.63
80 0 12.37 24.75 37.12 49.49 61.86 123.73 247.46 371.19 494.92 618.65 742.38 866.11 989.84 1113.57 1237.3

90 0 13.92 27.84 41.76 55.68 69.6 139.2 278.39 417.59 556.78 695.98 835.18 974.37 1113.57 1252.76 1391.96

100 0 15.47 30.93 46.4 61.86 77.33 154.66 309.32 463.99 618.65 773.31 927.97 1082.63 1237.3 1391.96 1546.62

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 60% and mortality 1% and 3%.
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B.4. Arctic tern

Arctic tern displacement matrices for their breeding season (Table A.18 — AA only, Table A.19 — AA and 2 km buffer). Results for other seasons were not presented as no abundance occurred.

B.4.1. Breeding season

Table A.18: Arctic tern breeding season (May — August) displacement matrix (bottom right corner represent the abundance at the AA). The final estimates, as per NatureScot guidance, are colour coded with dark green representing the rates per Table
2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

J 0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.02 0.05 0.07 0.09 0.11 0.23 0.45 0.68 0.91 1.14 1.36 1.59 1.82 2.04 2.27

10 0.00 0.23 0.45 0.68 0.91 1.14 2.27 4.54 6.81 9.08 11.35 13.62 15.89 18.16 20.44 22.71

g 20 0.00 0.45 0.91 1.36 1.82 2.27 4.54 9.08 13.62 18.16 22.71 27.25 31.79 36.33 40.87 45.41
E’ 30 0.00 0.68 1.36 2.72 3.41 6.81 13.62 20.44 27.25 34.06 40.87 47.68 54.49 61.31 68.12
g 40 0.00 0.91 1.82 3.63 4.54 9.08 18.16 27.25 36.33 45.41 54.49 63.58 72.66 81.74 90.82
% 50 0.00 1.14 2.27 4.54 5.68 11.35 22.71 34.06 45.41 56.76 68.12 79.47 90.82 102.18 113.53
E 60 0.00 1.36 2.72 4.09 5.45 6.81 13.62 27.25 40.87 54.49 68.12 81.74 95.36 108.99 122.61 136.24
-g- 70 0.00 1.59 3.18 4.77 6.36 7.95 15.89 31.79 47.68 63.58 79.47 95.36 111.26 127.15 143.05 158.94
80 0.00 1.82 3.63 5.45 7.27 9.08 18.16 36.33 54.49 72.66 90.82 108.99 127.15 145.32 163.48 181.65

90 0.00 2.04 4.09 6.13 8.17 10.22 20.44 40.87 61.31 81.74 102.18 122.61 143.05 163.48 183.92 204.35

100 0.00 2.27 4.54 6.81 9.08 11.35 22.71 45.41 68.12 90.82 113.53 136.24 158.94 181.65 204.35 227.06

Displacement during the construction phase is expected around 30% to 50% and mortality around 3% (MacCarthur Green, 2023).

Table A.19: Arctic tern breeding season (May — August) displacement matrix (bottom right corner represent the abundance at the AA plus a 2 km buffer). The final estimates, as per NatureScot guidance, are colour coded with dark green representing
the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.03 0.06 0.09 0.12 0.15 0.29 0.59 0.88 1.17 1.47 1.76 2.06 2.35 2.64 2.94

10 0.00 0.29 0.59 0.88 1.17 1.47 2.94 5.87 8.81 11.75 14.69 17.62 20.56 23.50 26.44 29.37

g 20 0.00 0.59 1.17 1.76 2.35 2.94 5.87 11.75 17.62 23.50 29.37 35.25 41.12 47.00 52.87 58.75
F>-’ 30 0.00 0.88 1.76 3.52 4.41 8.81 17.62 26.44 35.25 44.06 52.87 61.68 70.50 79.31 88.12
g 40 0.00 1.17 2.35 4.70 5.87 11.75 23.50 35.25 47.00 58.75 70.50 82.25 94.00 105.74 117.49
% 50 0.00 1.47 2.94 5.87 7.34 14.69 29.37 44.06 58.75 73.43 88.12 102.81 117.49 132.18 146.87
§ 60 0.00 1.76 3.52 5.29 7.05 8.81 17.62 35.25 52.87 70.50 88.12 105.74 123.37 140.99 158.62 176.24
-(Q% 70 0.00 2.06 411 6.17 8.22 10.28 20.56 41.12 61.68 82.25 102.81 123.37 143.93 164.49 185.05 205.62
80 0.00 2.35 4.70 7.05 9.40 11.75 23.50 47.00 70.50 94.00 117.49 140.99 164.49 187.99 211.49 234.99

90 0.00 2.64 5.29 7.93 10.57 13.22 26.44 52.87 79.31 105.74 132.18 158.62 185.05 211.49 237.93 264.36

100 0.00 2.94 5.87 8.81 11.75 14.69 29.37 58.75 88.12 117.49 146.87 176.24 205.62 234.99 264.36 293.74

Displacement during the construction phase is expected around 30% to 50% and mortality around 3% (MacCarthur Green, 2023).
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Puffin

Puffin displacement matrices for their breeding season (Table A.20 — AA only, Table A.21 — AA and 2 km buffer), over winter period and overall non-breeding season (Table A.22 — AA only, Table A.23 — AA and 2 km buffer).

B.4.2. Breeding season

Table A.20: Puffin breeding season (April — Mid August) displacement matrix (bottom right corner represent the abundance at the AA). The final estimates, as per NatureScot guidance, are colour coded with dark green representing the rates per Table
2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

J 0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.11 0.22 0.33 0.44 0.55 111 2.22 3.33 4.43 5.54 6.65 7.76 8.87 9.98 11.09

10 0.00 111 2.22 3.33 4.43 5.54 11.09 22.17 33.26 44.35 55.43 66.52 77.61 88.69 99.78 110.87

g 20 0.00 2.22 4.43 6.65 8.87 11.09 22.17 44.35 66.52 88.69 110.87 133.04 155.21 177.39 199.56 221.73
E’ 30 0.00 3.33 6.65 9.98 13.30 16.63 33.26 66.52 99.78 133.04 166.30 199.56 232.82 266.08 299.34 332.60
g 40 0.00 4.43 8.87 13.30 17.74 22.17 44.35 88.69 133.04 177.39 221.73 266.08 310.43 354.77 399.12 443.47
% 50 0.00 5.54 11.09 16.63 22.17 27.72 55.43 110.87 166.30 221.73 277.17 332.60 388.03 443.47 498.90 554.33
C_C'U) 60 0.00 6.65 13.30 26.61 66.52 133.04 199.56 266.08 332.60 399.12 465.64 532.16 598.68 665.20
-g- 70 0.00 7.76 15.52 23.28 31.04 38.80 77.61 155.21 232.82 310.43 388.03 465.64 543.24 620.85 698.46 776.06
80 0.00 8.87 17.74 26.61 35.48 44.35 88.69 177.39 266.08 354.77 443.47 532.16 620.85 709.54 798.24 886.93

90 0.00 9.98 19.96 29.93 39.91 49.89 99.78 199.56 299.34 399.12 498.90 598.68 698.46 798.24 898.02 997.80

100 0.00 11.09 22.17 33.26 44.35 55.43 110.87 221.73 332.60 443.47 554.33 665.20 776.06 886.93 997.80 1,108.66

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 60% and mortality 3% and 5%.

Table A.21: Puffin breeding season (April — Mid August) displacement matrix (bottom right corner represent the abundance at the AA plus a 2 km buffer). The final estimates, as per NatureScot guidance, are colour coded with dark green representing
the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.18 0.36 0.54 0.72 0.91 1.81 3.62 5.44 7.25 9.06 10.87 12.68 14.50 16.31 18.12

10 0.00 1.81 3.62 5.44 7.25 9.06 18.12 36.24 54.36 72.48 90.60 108.73 126.85 144.97 163.09 181.21

g 20 0.00 3.62 7.25 10.87 14.50 18.12 36.24 72.48 108.73 144.97 181.21 217.45 253.69 289.94 326.18 362.42
F>) 30 0.00 5.44 10.87 16.31 21.75 27.18 54.36 108.73 163.09 217.45 271.81 326.18 380.54 434.90 489.27 543.63
g 40 0.00 7.25 14.50 21.75 28.99 36.24 72.48 144.97 217.45 289.94 362.42 434.90 507.39 579.87 652.35 724.84
% 50 0.00 9.06 18.12 27.18 36.24 45.30 90.60 181.21 27181 362.42 453.02 543.63 634.23 724.84 815.44 906.05
C_% 60 0.00 10.87 21.75 43.49 108.73 217.45 326.18 434.90 543.63 652.35 761.08 869.81 978.53 1,087.26
'(D% 70 0.00 12.68 25.37 38.05 50.74 63.42 126.85 253.69 380.54 507.39 634.23 761.08 887.93 1,014.77 1,141.62 1,268.47
80 0.00 14.50 28.99 43.49 57.99 72.48 144.97 289.94 434.90 579.87 724.84 869.81 1,014.77 1,159.74 1,304.71 1,449.68

90 0.00 16.31 32.62 48.93 65.24 81.54 163.09 326.18 489.27 652.35 815.44 978.53 1,141.62 1,304.71 1,467.80 1,630.89

100 0.00 18.12 36.24 54.36 72.48 90.60 181.21 362.42 543.63 724.84 906.05 1,087.26 1,268.47 1,449.68 1,630.89 1,812.09

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 60% and mortality 3% and 5%.
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B.4.3. Over winter and non-breeding season

Table A.22: Puffin over winter and overall non-breeding season (Mid August - March) displacement matrix (bottom right corner represent the abundance at the AA). The final estimates, as per NatureScot guidance, are colour coded with dark green
representing the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.11 0.22 0.33 0.44 0.55 111 2.22 3.33 4.43 5.54 6.65 7.76 8.87 9.98 11.09

10 0.00 111 2.22 3.33 4.43 5.54 11.09 22.17 33.26 44.35 55.43 66.52 77.61 88.69 99.78 110.87

g 20 0.00 2.22 4.43 6.65 8.87 11.09 22.17 44.35 66.52 88.69 110.87 133.04 155.21 177.39 199.56 221.73
E’ 30 0.00 3.33 6.65 9.98 13.30 16.63 33.26 66.52 99.78 133.04 166.30 199.56 232.82 266.08 299.34 332.60
g 40 0.00 4.43 8.87 13.30 17.74 22.17 44.35 88.69 133.04 177.39 221.73 266.08 310.43 354.77 399.12 443.47
% 50 0.00 5.54 11.09 16.63 22.17 27.72 55.43 110.87 166.30 221.73 277.17 332.60 388.03 443.47 498.90 554.33
f_% 60 0.00 13.30 26.61 33.26 66.52 133.04 199.56 266.08 332.60 399.12 465.64 532.16 598.68 665.20
g- 70 0.00 7.76 15.52 23.28 31.04 38.80 77.61 155.21 232.82 310.43 388.03 465.64 543.24 620.85 698.46 776.06
80 0.00 8.87 17.74 26.61 35.48 44.35 88.69 177.39 266.08 354.77 443.47 532.16 620.85 709.54 798.24 886.93

90 0.00 9.98 19.96 29.93 39.91 49.89 99.78 199.56 299.34 399.12 498.90 598.68 698.46 798.24 898.02 997.80

100 0.00 11.09 22.17 33.26 44.35 55.43 110.87 221.73 332.60 443.47 554.33 665.20 776.06 886.93 997.80 1,108.66

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 60% and mortality 1% and 3%.

Table A.23: Puffin over winter and overall non-breeding season (Mid August - March) displacement matrix (bottom right corner represent the abundance at the AA plus a 2 km buffer). The final estimates, as per NatureScot guidance, are colour coded
with dark green representing the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.18 0.36 0.54 0.72 0.91 1.81 3.62 5.44 7.25 9.06 10.87 12.68 14.50 16.31 18.12

10 0.00 1.81 3.62 5.44 7.25 9.06 18.12 36.24 54.36 72.48 90.60 108.73 126.85 144.97 163.09 181.21

g 20 0.00 3.62 7.25 10.87 14.50 18.12 36.24 72.48 108.73 144.97 181.21 217.45 253.69 289.94 326.18 362.42
E) 30 0.00 5.44 10.87 16.31 21.75 27.18 54.36 108.73 163.09 217.45 271.81 326.18 380.54 434.90 489.27 543.63
g 40 0.00 7.25 14.50 21.75 28.99 36.24 72.48 144.97 217.45 289.94 362.42 434.90 507.39 579.87 652.35 724.84
% 50 0.00 9.06 18.12 27.18 36.24 45.30 90.60 181.21 27181 362.42 453.02 543.63 634.23 724.84 815.44 906.05
C_% 60 0.00 21.75 43.49 54.36 108.73 217.45 326.18 434.90 543.63 652.35 761.08 869.81 978.53 1,087.26
-(D% 70 0.00 12.68 25.37 38.05 50.74 63.42 126.85 253.69 380.54 507.39 634.23 761.08 887.93 1,014.77 1,141.62 1,268.47
80 0.00 14.50 28.99 43.49 57.99 72.48 144.97 289.94 434.90 579.87 724.84 869.81 1,014.77 1,159.74 1,304.71 1,449.68

90 0.00 16.31 32.62 48.93 65.24 81.54 163.09 326.18 489.27 652.35 815.44 978.53 1,141.62 1,304.71 1,467.80 1,630.89

100 0.00 18.12 36.24 54.36 72.48 90.60 181.21 362.42 543.63 724.84 906.05 1,087.26 1,268.47 1,449.68 1,630.89 1,812.09

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 60% and mortality 1% and 3%.
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B.5. Kittiwake

Kittiwake displacement matrices for their breeding season (Table A.24 — AA only, Table A.25 — AA and 2 km buffer), autumn migration (Table A.26 — AA only, Table A.27 — AA and 2 km buffer), spring migration (Table A.28 — AA only, Table A.29 — AA and 2
km buffer) and overall non-breeding season (Table A.30 — AA only, Table A.31 — AA and 2 km buffer).

B.5.1. Breeding season

Table A.24: Kittiwake breeding season (Mid April — August) displacement matrix (bottom right corner represent the abundance at the AA). The final estimates, as per NatureScot guidance, are colour coded with dark green representing the rates per
Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.18 0.37 0.55 0.74 0.92 1.85 3.70 5.55 7.40 9.25 11.10 12.95 14.80 16.65 18.50

10 0.00 1.85 3.70 5.55 7.40 9.25 18.50 36.99 55.49 73.99 92.49 110.98 129.48 147.98 166.47 184.97

g 20 0.00 3.70 7.40 11.10 14.80 18.50 36.99 73.99 110.98 147.98 184.97 221.97 258.96 295.96 332.95 369.94
E’ 30 0.00 11.10 22.20 27.75 55.49 110.98 166.47 221.97 277.46 332.95 388.44 443.93 499.42 554.92
g 40 0.00 7.40 14.80 22.20 29.60 36.99 73.99 147.98 221.97 295.96 369.94 443.93 517.92 591.91 665.90 739.89
% 50 0.00 9.25 18.50 27.75 36.99 46.24 92.49 184.97 277.46 369.94 462.43 554.92 647.40 739.89 832.37 924.86
E 60 0.00 11.10 22.20 33.29 44.39 55.49 110.98 221.97 332.95 443.93 554.92 665.90 776.88 887.87 998.85 1,109.83
-g- 70 0.00 12.95 25.90 38.84 51.79 64.74 129.48 258.96 388.44 517.92 647.40 776.88 906.36 1,035.84 1,165.32 1,294.80
80 0.00 14.80 29.60 44.39 59.19 73.99 147.98 295.96 443.93 591.91 739.89 887.87 1,035.84 1,183.82 1,331.80 1,479.78

90 0.00 16.65 33.29 49.94 66.59 83.24 166.47 332.95 499.42 665.90 832.37 998.85 1,165.32 1,331.80 1,498.27 1,664.75

100 0.00 18.50 36.99 55.49 73.99 92.49 184.97 369.94 554.92 739.89 924.86 1,109.83 1,294.80 1,479.78 1,664.75 1,849.72

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 30% and mortality 1% and 3%.

Table A.25: Kittiwake breeding season (Mid April — August) displacement matrix (bottom right corner represent the abundance at the AA plus a 2 km buffer). The final estimates, as per NatureScot guidance, are colour coded with dark green
representing the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.33 0.65 0.98 1.30 1.63 3.25 6.50 9.76 13.01 16.26 19.51 22.77 26.02 29.27 32.52

10 0.00 3.25 6.50 9.76 13.01 16.26 32.52 65.05 97.57 130.09 162.62 195.14 227.66 260.19 292.71 325.23

g 20 0.00 6.50 13.01 19.51 26.02 32.52 65.05 130.09 195.14 260.19 325.23 390.28 455.33 520.38 585.42 650.47
F>-’ 30 0.00 19.51 39.03 48.79 97.57 195.14 292.71 390.28 487.85 585.42 682.99 780.56 878.13 975.70
g 40 0.00 13.01 26.02 39.03 52.04 65.05 130.09 260.19 390.28 520.38 650.47 780.56 910.66 1,040.75 1,170.85 1,300.94
% 50 0.00 16.26 32.52 48.79 65.05 81.31 162.62 325.23 487.85 650.47 813.09 975.70 1,138.32 1,300.94 1,463.56 1,626.17
§ 60 0.00 19.51 39.03 58.54 78.06 97.57 195.14 390.28 585.42 780.56 975.70 1,170.85 1,365.99 1,561.13 1,756.27 1,951.41
-g— 70 0.00 22.77 45.53 68.30 91.07 113.83 227.66 455.33 682.99 910.66 1,138.32 1,365.99 1,593.65 1,821.32 2,048.98 2,276.64
80 0.00 26.02 52.04 78.06 104.08 130.09 260.19 520.38 780.56 1,040.75 1,300.94 1,561.13 1,821.32 2,081.50 2,341.69 2,601.88

90 0.00 29.27 58.54 87.81 117.08 146.36 292.71 585.42 878.13 1,170.85 1,463.56 1,756.27 2,048.98 2,341.69 2,634.40 2,927.11

100 0.00 32.52 65.05 97.57 130.09 162.62 325.23 650.47 975.70 1,300.94 1,626.17 1,951.41 2,276.64 2,601.88 2,927.11 3,252.35

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 30% and mortality 1% and 3%.
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B.5.2. Autumn migration

Table A.26: Kittiwake autumn migration (September - December) displacement matrix (bottom right corner represent the abundance at the AA). The final estimates, as per NatureScot guidance, are colour coded with dark green representing the rates
per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.00 0.01 0.01 0.01 0.02 0.03 0.06 0.10 0.13 0.16 0.19 0.23 0.26 0.29 0.32

10 0.00 0.03 0.06 0.10 0.13 0.16 0.32 0.65 0.97 1.29 1.62 1.94 2.26 2.59 291 3.24

g 20 0.00 0.06 0.13 0.19 0.26 0.32 0.65 1.29 1.94 2.59 3.24 3.88 4.53 5.18 5.82 6.47
E’ 30 0.00 0.19 0.39 0.49 0.97 1.94 291 3.88 4.85 5.82 6.79 7.77 8.74 9.71
g 40 0.00 0.13 0.26 0.39 0.52 0.65 1.29 2.59 3.88 5.18 6.47 7.77 9.06 10.35 11.65 12.94
% 50 0.00 0.16 0.32 0.49 0.65 0.81 1.62 3.24 4.85 6.47 8.09 9.71 11.32 12.94 14.56 16.18
f_% 60 0.00 0.19 0.39 0.58 0.78 0.97 1.94 3.88 5.82 7.77 9.71 11.65 13.59 15.53 17.47 19.41
-g 70 0.00 0.23 0.45 0.68 0.91 1.13 2.26 4.53 6.79 9.06 11.32 13.59 15.85 18.12 20.38 22.65
80 0.00 0.26 0.52 0.78 1.04 1.29 2.59 5.18 1.77 10.35 12.94 15.53 18.12 20.71 23.30 25.88

90 0.00 0.29 0.58 0.87 1.16 1.46 291 5.82 8.74 11.65 14.56 17.47 20.38 23.30 26.21 29.12

100 0.00 0.32 0.65 0.97 1.29 1.62 3.24 6.47 9.71 12.94 16.18 19.41 22.65 25.88 29.12 32.36

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 30% and mortality 1% and 3%

Table A.27: Kittiwake autumn migration (September - December) displacement matrix (bottom right corner represent the abundance at the AA plus a 2 km buffer). The final estimates, as per NatureScot guidance, are colour coded with dark green
representing the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.01 0.01 0.02 0.02 0.03 0.06 0.12 0.17 0.23 0.29 0.35 0.41 0.47 0.52 0.58

10 0.00 0.06 0.12 0.17 0.23 0.29 0.58 1.16 1.75 2.33 291 3.49 4.08 4.66 5.24 5.82

g 20 0.00 0.12 0.23 0.35 0.47 0.58 1.16 2.33 3.49 4.66 5.82 6.99 8.15 9.32 10.48 11.65
E) 30 0.00 0.35 0.70 0.87 1.75 3.49 5.24 6.99 8.73 10.48 12.23 13.98 15.72 17.47
g 40 0.00 0.23 0.47 0.70 0.93 1.16 2.33 4.66 6.99 9.32 11.65 13.98 16.30 18.63 20.96 23.29
% 50 0.00 0.29 0.58 0.87 1.16 1.46 291 5.82 8.73 11.65 14.56 17.47 20.38 23.29 26.20 29.12
f_% 60 0.00 0.35 0.70 1.05 1.40 1.75 3.49 6.99 10.48 13.98 17.47 20.96 24.46 27.95 31.44 34.94
g 70 0.00 0.41 0.82 1.22 1.63 2.04 4.08 8.15 12.23 16.30 20.38 24.46 28.53 32.61 36.69 40.76
80 0.00 0.47 0.93 1.40 1.86 2.33 4.66 9.32 13.98 18.63 23.29 27.95 32.61 37.27 41.93 46.58

90 0.00 0.52 1.05 1.57 2.10 2.62 5.24 10.48 15.72 20.96 26.20 31.44 36.69 41.93 47.17 52.41

100 0.00 0.58 1.16 1.75 2.33 291 5.82 11.65 17.47 23.29 29.12 34.94 40.76 46.58 52.41 58.23

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 30% and mortality 1% and 3%.
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B.5.3. Spring migration

Table A.28: Kittiwake spring migration (January — Mid April) displacement matrix (bottom right corner represent the abundance at the AA). The final estimates, as per NatureScot guidance, are colour coded with dark green representing the rates per
Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.04 0.08 0.13 0.17 0.21 0.42 0.84 1.25 1.67 2.09 2.51 2.92 3.34 3.76 4.18

10 0.00 0.42 0.84 1.25 1.67 2.09 4.18 8.36 12.53 16.71 20.89 25.07 29.24 33.42 37.60 41.78

g 20 0.00 0.84 1.67 2.51 3.34 4.18 8.36 16.71 25.07 33.42 41.78 50.13 58.49 66.84 75.20 83.55
E’ 30 0.00 2.51 5.01 6.27 12.53 25.07 37.60 50.13 62.66 75.20 87.73 100.26 112.79 125.33
g 40 0.00 1.67 3.34 5.01 6.68 8.36 16.71 33.42 50.13 66.84 83.55 100.26 116.97 133.68 150.39 167.10
% 50 0.00 2.09 4.18 6.27 8.36 10.44 20.89 41.78 62.66 83.55 104.44 125.33 146.21 167.10 187.99 208.88
f_% 60 0.00 2.51 5.01 7.52 10.03 12.53 25.07 50.13 75.20 100.26 125.33 150.39 175.46 200.52 225.59 250.65
g- 70 0.00 2.92 5.85 8.77 11.70 14.62 29.24 58.49 87.73 116.97 146.21 175.46 204.70 233.94 263.19 292.43
80 0.00 3.34 6.68 10.03 13.37 16.71 33.42 66.84 100.26 133.68 167.10 200.52 233.94 267.36 300.78 334.20

90 0.00 3.76 7.52 11.28 15.04 18.80 37.60 75.20 112.79 150.39 187.99 225.59 263.19 300.78 338.38 375.98

100 0.00 4.18 8.36 12.53 16.71 20.89 41.78 83.55 125.33 167.10 208.88 250.65 292.43 334.20 375.98 417.75

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 30% and mortality 1% and 3%.

Table A.29: Kittiwake spring migration (January — Mid April) displacement matrix (bottom right corner represent the abundance at the AA plus a 2 km buffer). The final estimates, as per NatureScot guidance, are colour coded with dark green
representing the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.08 0.15 0.23 0.30 0.38 0.75 1.50 2.25 3.00 3.76 4.51 5.26 6.01 6.76 7.51

10 0.00 0.75 1.50 2.25 3.00 3.76 7.51 15.02 22.53 30.04 37.55 45.06 52.57 60.08 67.60 75.11

g 20 0.00 1.50 3.00 4.51 6.01 7.51 15.02 30.04 45.06 60.08 75.11 90.13 105.15 120.17 135.19 150.21
E) 30 0.00 451 9.01 11.27 22.53 45.06 67.60 90.13 112.66 135.19 157.72 180.25 202.79 225.32
g 40 0.00 3.00 6.01 9.01 12.02 15.02 30.04 60.08 90.13 120.17 150.21 180.25 210.30 240.34 270.38 300.42
% 50 0.00 3.76 7.51 11.27 15.02 18.78 37.55 75.11 112.66 150.21 187.76 225.32 262.87 300.42 337.98 375.53
LOU 60 0.00 451 9.01 13.52 18.03 22.53 45.06 90.13 135.19 180.25 225.32 270.38 315.44 360.51 405.57 450.63
-g- 70 0.00 5.26 10.51 15.77 21.03 26.29 52.57 105.15 157.72 210.30 262.87 315.44 368.02 420.59 473.17 525.74
80 0.00 6.01 12.02 18.03 24.03 30.04 60.08 120.17 180.25 240.34 300.42 360.51 420.59 480.68 540.76 600.85

90 0.00 6.76 13.52 20.28 27.04 33.80 67.60 135.19 202.79 270.38 337.98 405.57 473.17 540.76 608.36 675.95

100 0.00 7.51 15.02 22.53 30.04 37.55 75.11 150.21 225.32 300.42 375.53 450.63 525.74 600.85 675.95 751.06

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 30% and mortality 1% and 3%.
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B.5.4. Overall non-breeding season

Table A.30: Kittiwake overall non-breeding season (September — Mid April) displacement matrix (bottom right corner represent the abundance at the AA). The final estimates, as per NatureScot guidance, are colour coded with dark green representing
the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.05 0.09 0.14 0.18 0.23 0.45 0.90 1.35 1.80 2.25 2.70 3.15 3.60 4.05 4.50

10 0.00 0.45 0.90 1.35 1.80 2.25 4.50 9.00 13.50 18.00 22.51 27.01 3151 36.01 40.51 45.01

g 20 0.00 0.90 1.80 2.70 3.60 4.50 9.00 18.00 27.01 36.01 45.01 54.01 63.02 72.02 81.02 90.02
E’ 30 0.00 2.70 5.40 6.75 13.50 27.01 40.51 54.01 67.52 81.02 94.52 108.03 121.53 135.08
g 40 0.00 1.80 3.60 5.40 7.20 9.00 18.00 36.01 54.01 72.02 90.02 108.03 126.03 144.04 162.04 180.04
% 50 0.00 2.25 4.50 6.75 9.00 11.25 22.51 45.01 67.52 90.02 112.53 135.03 157.54 180.04 202.55 225.06
f_% 60 0.00 2.70 5.40 8.10 10.80 13.50 27.01 54.01 81.02 108.03 135.03 162.04 189.05 216.05 243.06 270.07
g_ 70 0.00 3.15 6.30 9.45 12.60 15.75 31.51 63.02 94.52 126.03 157.54 189.05 220.55 252.06 283.57 315.08
80 0.00 3.60 7.20 10.80 14.40 18.00 36.01 72.02 108.03 144.04 180.04 216.05 252.06 288.07 324.08 360.09

90 0.00 4.05 8.10 12.15 16.20 20.25 40.51 81.02 121.53 162.04 202.55 243.06 283.57 324.08 364.59 405.10

100 0.00 4.50 9.00 13.50 18.00 22.51 45.01 90.02 135.03 180.04 225.06 270.07 315.08 360.09 405.10 450.11

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 30% and mortality 1% and 3%.

Table A.31: Kittiwake overall non-breeding season (September — Mid April) displacement matrix (bottom right corner represent the abundance at the AA plus a 2 km buffer). The final estimates, as per NatureScot guidance, are colour coded with dark
green representing the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.08 0.16 0.24 0.32 0.40 0.81 1.62 2.43 3.24 4.05 4.86 5.67 6.47 7.28 8.09

10 0.00 0.81 1.62 2.43 3.24 4.05 8.09 16.19 24.28 32.37 40.46 48.56 56.65 64.74 72.84 80.93

g 20 0.00 1.62 3.24 4.86 6.47 8.09 16.19 32.37 48.56 64.74 80.93 97.11 113.30 129.49 145.67 161.86
E) 30 0.00 4.86 9.71 12.14 24.28 48.56 72.84 97.11 121.39 145.67 169.95 194.23 218.51 242.79
g 40 0.00 3.24 6.47 9.71 12.95 16.19 32.37 64.74 97.11 129.49 161.86 194.23 226.60 258.97 291.34 323.72
% 50 0.00 4.05 8.09 12.14 16.19 20.23 40.46 80.93 121.39 161.86 202.32 242.79 283.25 323.72 364.18 404.64
L% 60 0.00 4.86 9.71 14.57 19.42 24.28 48.56 97.11 145.67 194.23 242.79 291.34 339.90 388.46 437.02 485.57
-(D% 70 0.00 5.67 11.33 17.00 22.66 28.33 56.65 113.30 169.95 226.60 283.25 339.90 396.55 453.20 509.85 566.50
80 0.00 6.47 12.95 19.42 25.90 32.37 64.74 129.49 194.23 258.97 323.72 388.46 453.20 517.94 582.69 647.43

90 0.00 7.28 14.57 21.85 29.13 36.42 72.84 145.67 21851 291.34 364.18 437.02 509.85 582.69 655.52 728.36

100 0.00 8.09 16.19 24.28 32.37 40.46 80.93 161.86 242.79 323.72 404.64 485.57 566.50 647.43 728.36 809.29

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 30% and mortality 1% and 3%.
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B.6. Gannet

Gannet displacement matrices for their breeding season (Table A.32 — AA only, Table A.33 — AA and 2 km buffer), autumn migration (Table A.34 — AA only, Table A.35 — AA and 2 km buffer), spring migration (Table A.36 — AA only, Table A.37 — AA and 2 km
buffer) and the overall non-breeding season (Table A.38 — AA only, Table A.39 — AA and 2 km buffer).

B.6.1. Breeding season

Table A.32: Gannet breeding season (Mid March - September) displacement matrix (bottom right corner represent the abundance at the AA). The final estimates, as per NatureScot guidance, are colour coded with dark green representing the rates per
Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

J 0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.03 0.05 0.08 0.10 0.13 0.26 0.52 0.78 1.04 1.30 1.56 1.82 2.07 2.33 2.59

10 0.00 0.26 0.52 0.78 1.04 1.30 2.59 5.19 7.78 10.37 12.97 15.56 18.15 20.75 23.34 25.93

g 20 0.00 0.52 1.04 1.56 2.07 2.59 5.19 10.37 15.56 20.75 25.93 31.12 36.31 41.49 46.68 51.87
E’ 30 0.00 0.78 1.56 2.33 3.11 3.89 7.78 15.56 23.34 31.12 38.90 46.68 54.46 62.24 70.02 77.80
g 40 0.00 1.04 2.07 3.11 4.15 5.19 10.37 20.75 31.12 41.49 51.87 62.24 72.62 82.99 93.36 103.74
% 50 0.00 1.30 2.59 3.89 5.19 6.48 12.97 25.93 38.90 51.87 64.84 77.80 90.77 103.74 116.70 129.67
E 60 0.00 1.56 3.11 4.67 6.22 7.78 15.56 31.12 46.68 62.24 77.80 93.36 108.92 124.48 140.05 155.61
-g- 70 0.00 3.63 7.26 9.08 18.15 36.31 54.46 72.62 90.77 108.92 127.08 145.23 163.39 181.54
80 0.00 2.07 4.15 6.22 8.30 10.37 20.75 41.49 62.24 82.99 103.74 124.48 145.23 165.98 186.73 207.47

90 0.00 2.33 4.67 7.00 9.34 11.67 23.34 46.68 70.02 93.36 116.70 140.05 163.39 186.73 210.07 233.41

100 0.00 2.59 5.19 7.78 10.37 12.97 25.93 51.87 77.80 103.74 129.67 155.61 181.54 207.47 233.41 259.34

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 70% and mortality 1% and 3%.

Table A.33: Gannet breeding season (Mid March - September) displacement matrix (bottom right corner represent the abundance at the AA plus a 2 km buffer). The final estimates, as per NatureScot guidance, are colour coded with dark green
representing the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.06 0.12 0.18 0.24 0.30 0.60 1.19 1.79 2.39 2.99 3.58 4.18 4.78 5.38 5.97

10 0.00 0.60 1.19 1.79 2.39 2.99 5.97 11.95 17.92 23.90 29.87 35.85 41.82 47.79 53.77 59.74

g 20 0.00 1.19 2.39 3.58 4.78 5.97 11.95 23.90 35.85 47.79 59.74 71.69 83.64 95.59 107.54 119.49
F>) 30 0.00 1.79 3.58 5.38 7.17 8.96 17.92 35.85 53.77 71.69 89.61 107.54 125.46 143.38 161.30 179.23
g 40 0.00 2.39 4.78 7.17 9.56 11.95 23.90 47.79 71.69 95.59 119.49 143.38 167.28 191.18 215.07 238.97
% 50 0.00 2.99 5.97 8.96 11.95 14.94 29.87 59.74 89.61 119.49 149.36 179.23 209.10 238.97 268.84 298.71
C_% 60 0.00 3.58 7.17 10.75 14.34 17.92 35.85 71.69 107.54 143.38 179.23 215.07 250.92 286.76 322.61 358.46
g 70 0.00 8.36 16.73 20.91 41.82 83.64 125.46 167.28 209.10 250.92 292.74 334.56 376.38 418.20
80 0.00 4.78 9.56 14.34 19.12 23.90 47.79 95.59 143.38 191.18 238.97 286.76 334.56 382.35 430.15 477.94

90 0.00 5.38 10.75 16.13 2151 26.88 53.77 107.54 161.30 215.07 268.84 322.61 376.38 430.15 483.91 537.68

100 0.00 5.97 11.95 17.92 23.90 29.87 59.74 119.49 179.23 238.97 298.71 358.46 418.20 477.94 537.68 597.43

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 70% and mortality 1% and 3%.
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B.6.2. Autumn migration

Table A.34: Gannet autumn migration (October — November) displacement matrix (bottom right corner represent the abundance at the AA). The final estimates, as per NatureScot guidance, are colour coded with dark green representing the rates per
Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.03 0.07 0.10 0.14 0.17 0.35 0.70 1.04 1.39 1.74 2.09 2.44 2.79 3.13 3.48

10 0.00 0.35 0.70 1.04 1.39 1.74 3.48 6.96 10.45 13.93 17.41 20.89 24.37 27.85 31.34 34.82

g 20 0.00 0.70 1.39 2.09 2.79 3.48 6.96 13.93 20.89 27.85 34.82 41.78 48.74 55.71 62.67 69.63
E’ 30 0.00 1.04 2.09 3.13 4.18 5.22 10.45 20.89 31.34 41.78 52.23 62.67 73.12 83.56 94.01 104.45
g 40 0.00 1.39 2.79 4.18 5.57 6.96 13.93 27.85 41.78 55.71 69.63 83.56 97.49 111.41 125.34 139.27
% 50 0.00 1.74 3.48 5.22 6.96 8.70 17.41 34.82 52.23 69.63 87.04 104.45 121.86 139.27 156.68 174.08
f_% 60 0.00 2.09 4.18 6.27 8.36 10.45 20.89 41.78 62.67 83.56 104.45 125.34 146.23 167.12 188.01 208.90
-g 70 0.00 4.87 9.75 12.19 24.37 48.74 73.12 97.49 121.86 146.23 170.60 194.97 219.35 243.72
80 0.00 2.79 5.57 8.36 11.14 13.93 27.85 55.71 83.56 111.41 139.27 167.12 194.97 222.83 250.68 278.54

90 0.00 3.13 6.27 9.40 12.53 15.67 31.34 62.67 94.01 125.34 156.68 188.01 219.35 250.68 282.02 313.35

100 0.00 3.48 6.96 10.45 13.93 17.41 34.82 69.63 104.45 139.27 174.08 208.90 243.72 278.54 313.35 348.17

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 70% and mortality 1% and 3%.

Table A.35: Gannet autumn migration (October - November) displacement matrix (bottom right corner represent the abundance at the AA plus a 2 km buffer). The final estimates, as per NatureScot guidance, are colour coded with dark green
representing the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.06 0.12 0.18 0.24 0.30 0.59 1.19 1.78 2.37 2.96 3.56 4.15 4.74 5.33 5.93

10 0.00 0.59 1.19 1.78 2.37 2.96 5.93 11.85 17.78 23.71 29.63 35.56 41.48 47.41 53.34 59.26

g 20 0.00 1.19 2.37 3.56 4.74 5.93 11.85 23.71 35.56 47.41 59.26 71.12 82.97 94.82 106.67 118.53
E) 30 0.00 1.78 3.56 5.33 7.11 8.89 17.78 35.56 53.34 71.12 88.89 106.67 124.45 142.23 160.01 177.79
g 40 0.00 2.37 4.74 7.11 9.48 11.85 23.71 47.41 71.12 94.82 118.53 142.23 165.94 189.64 213.35 237.05
% 50 0.00 2.96 5.93 8.89 11.85 14.82 29.63 59.26 88.89 118.53 148.16 177.79 207.42 237.05 266.68 296.31
C_% 60 0.00 3.56 7.11 10.67 14.22 17.78 35.56 71.12 106.67 142.23 177.79 213.35 248.90 284.46 320.02 355.58
'(D% 70 0.00 8.30 16.59 20.74 41.48 82.97 124.45 165.94 207.42 248.90 290.39 331.87 373.35 414.84
80 0.00 4.74 9.48 14.22 18.96 23.71 47.41 94.82 142.23 189.64 237.05 284.46 331.87 379.28 426.69 474.10

90 0.00 5.33 10.67 16.00 21.33 26.67 53.34 106.67 160.01 213.35 266.68 320.02 373.35 426.69 480.03 533.36

100 0.00 5.93 11.85 17.78 23.71 29.63 59.26 118.53 177.79 237.05 296.31 355.58 414.84 474.10 533.36 592.63

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 70% and mortality 1% and 3%.
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B.6.3. Spring migration

Table A.36: Gannet spring migration (December — Mid March) displacement matrix (bottom right corner represent the abundance at the AA). The final estimates, as per NatureScot guidance, are colour coded with dark green representing the rates per
Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.00 0.01 0.01 0.02 0.02 0.04 0.08 0.12 0.16 0.20 0.24 0.28 0.32 0.36 0.40

10 0.00 0.04 0.08 0.12 0.16 0.20 0.40 0.80 1.20 1.61 2.01 2.41 2.81 3.21 3.61 4.01

g 20 0.00 0.08 0.16 0.24 0.32 0.40 0.80 1.61 241 3.21 4.01 4.82 5.62 6.42 7.23 8.03
E’ 30 0.00 0.12 0.24 0.36 0.48 0.60 1.20 241 3.61 4.82 6.02 7.23 8.43 9.64 10.84 12.04
g 40 0.00 0.16 0.32 0.48 0.64 0.80 1.61 3.21 4.82 6.42 8.03 9.64 11.24 12.85 14.45 16.06
% 50 0.00 0.20 0.40 0.60 0.80 1.00 2.01 4.01 6.02 8.03 10.04 12.04 14.05 16.06 18.07 20.07
f_% 60 0.00 0.24 0.48 0.72 0.96 1.20 2.41 4.82 7.23 9.64 12.04 14.45 16.86 19.27 21.68 24.09
-g 70 0.00 0.56 1.12 1.41 2.81 5.62 8.43 11.24 14.05 16.86 19.67 22.48 25.29 28.10
80 0.00 0.32 0.64 0.96 1.28 1.61 3.21 6.42 9.64 12.85 16.06 19.27 22.48 25.70 28.91 32.12

90 0.00 0.36 0.72 1.08 1.45 1.81 3.61 7.23 10.84 14.45 18.07 21.68 25.29 28.91 32.52 36.13

100 0.00 0.40 0.80 1.20 1.61 2.01 4.01 8.03 12.04 16.06 20.07 24.09 28.10 32.12 36.13 40.15

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 70% and mortality 1% and 3%.

Table A.37: Gannet spring migration (December — Mid March) displacement matrix (bottom right corner represent the abundance at the AA plus a 2 km buffer). The final estimates, as per NatureScot guidance, are colour coded with dark green
representing the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.01 0.01 0.02 0.03 0.04 0.07 0.15 0.22 0.30 0.37 0.44 0.52 0.59 0.67 0.74

10 0.00 0.07 0.15 0.22 0.30 0.37 0.74 1.48 2.22 2.97 3.71 4.45 5.19 5.93 6.67 7.41

g 20 0.00 0.15 0.30 0.44 0.59 0.74 1.48 2.97 4.45 5.93 7.41 8.90 10.38 11.86 13.34 14.83
E) 30 0.00 0.22 0.44 0.67 0.89 111 2.22 4.45 6.67 8.90 11.12 13.34 15.57 17.79 20.02 22.24
g 40 0.00 0.30 0.59 0.89 1.19 1.48 2.97 5.93 8.90 11.86 14.83 17.79 20.76 23.72 26.69 29.65
% 50 0.00 0.37 0.74 111 1.48 1.85 3.71 7.41 11.12 14.83 18.53 22.24 25.95 29.65 33.36 37.07
f_% 60 0.00 0.44 0.89 L33 1.78 2.22 4.45 8.90 13.34 17.79 22.24 26.69 31.13 35.58 40.03 44.48
'(D% 70 0.00 1.04 2.08 2.59 5.19 10.38 15.57 20.76 25.95 31.13 36.32 41.51 46.70 51.89
80 0.00 0.59 1.19 1.78 2.37 2.97 5.93 11.86 17.79 23.72 29.65 35.58 41.51 47.44 53.37 59.30

90 0.00 0.67 1.33 2.00 2.67 3.34 6.67 13.34 20.02 26.69 33.36 40.03 46.70 53.37 60.05 66.72

100 0.00 0.74 1.48 2.22 2.97 3.71 7.41 14.83 22.24 29.65 37.07 44.48 51.89 59.30 66.72 74.13

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 70% and mortality 1% and 3%.
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B.6.4. Overall non-breeding season

Table A.38: Gannet overall non-breeding migration (October — Mid March) displacement matrix (bottom right corner represent the abundance at the AA). The final estimates, as per NatureScot guidance, are colour coded with dark green representing
the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.04 0.08 0.12 0.16 0.19 0.39 0.78 1.16 1.55 1.94 2.33 2.72 3.11 3.49 3.88

10 0.00 0.39 0.78 1.16 1.55 1.94 3.88 7.77 11.65 15.53 19.42 23.30 27.18 31.07 34.95 38.83

g 20 0.00 0.78 1.55 2.33 3.11 3.88 7.77 15.53 23.30 31.07 38.83 46.60 54.36 62.13 69.90 77.66
E’ 30 0.00 1.16 2.33 3.49 4.66 5.82 11.65 23.30 34.95 46.60 58.25 69.90 81.55 93.20 104.85 116.50
g 40 0.00 1.55 3.11 4.66 6.21 7.77 15.53 31.07 46.60 62.13 77.66 93.20 108.73 124.26 139.79 155.33
% 50 0.00 1.94 3.88 5.82 7.77 9.71 19.42 38.83 58.25 77.66 97.08 116.50 135.91 155.33 174.74 194.16
f_% 60 0.00 2,88 4.66 6.99 9.32 11.65 23.30 46.60 69.90 93.20 116.50 139.79 163.09 186.39 209.69 232.99
g- 70 0.00 5.44 10.87 13.59 27.18 54.36 81.55 108.73 135.91 163.09 190.28 217.46 244.64 271.82
80 0.00 3.11 6.21 9.32 12.43 15.53 31.07 62.13 93.20 124.26 155.33 186.39 217.46 248.52 279.59 310.65

90 0.00 3.49 6.99 10.48 13.98 17.47 34.95 69.90 104.85 139.79 174.74 209.69 244.64 279.59 314.54 349.49

100 0.00 3.88 .77 11.65 15.53 19.42 38.83 77.66 116.50 155.33 194.16 232.99 271.82 310.65 349.49 388.32

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 70% and mortality 1% and 3%.

Table A.39: Gannet overall non-breeding migration (October — Mid March) displacement matrix (bottom right corner represent the abundance at the AA plus a 2 km buffer). The final estimates, as per NatureScot guidance, are colour coded with dark
green representing the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.07 0.13 0.20 0.27 0.33 0.67 1.33 2.00 2.67 3.33 4.00 4.67 5.33 6.00 6.67

10 0.00 0.67 1.33 2.00 2.67 3.33 6.67 13.34 20.00 26.67 33.34 40.01 46.67 53.34 60.01 66.68

g 20 0.00 1.33 2.67 4.00 5.33 6.67 13.34 26.67 40.01 53.34 66.68 80.01 93.35 106.68 120.02 133.35
E) 30 0.00 2.00 4.00 6.00 8.00 10.00 20.00 40.01 60.01 80.01 100.01 120.02 140.02 160.02 180.02 200.03
g 40 0.00 2.67 5.33 8.00 10.67 13.34 26.67 53.34 80.01 106.68 133.35 160.02 186.69 213.36 240.03 266.70
% 50 0.00 3.33 6.67 10.00 13.34 16.67 33.34 66.68 100.01 133.35 166.69 200.03 233.36 266.70 300.04 333.38
f_('d) 60 0.00 4.00 8.00 12.00 16.00 20.00 40.01 80.01 120.02 160.02 200.03 240.03 280.04 320.04 360.05 400.05
-(D% 70 0.00 OASS 18.67 23.34 46.67 93.35 140.02 186.69 233.36 280.04 326.71 373.38 420.06 466.73
80 0.00 15,355} 10.67 16.00 21.34 26.67 53.34 106.68 160.02 213.36 266.70 320.04 373.38 426.72 480.06 533.41

90 0.00 6.00 12.00 18.00 24.00 30.00 60.01 120.02 180.02 240.03 300.04 360.05 420.06 480.06 540.07 600.08

100 0.00 6.67 13.34 20.00 26.67 33.34 66.68 133.35 200.03 266.70 333.38 400.05 466.73 533.41 600.08 666.76

Displacement and mortality values used represent NatureScot (2023a) guidance for auk species for the breeding season: displacement 70% and mortality 1% and 3%.
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B.7. Manx Shearwater
Manx shearwater displacement matrices for their breeding season (Table A.40 — AA only, Table A.41 - AA and 2 km buffer)

B.7.1. Breeding season

Table A.40: Manx shearwater breeding season (April — Mid October) displacement matrix (bottom right corner represent the abundance at the AA plus a 4 km buffer). The final estimates, as per NatureScot guidance, are colour coded with dark green
representing the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.04 0.05

10 0.00 0.00 0.01 0.01 0.02 0.02 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

g 20 0.00 0.01 0.02 0.03 0.04 0.05 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
E’ 30 0.00 0.01 0.03 0.04 0.06 0.07 0.15 0.30 0.45 0.60 0.75 0.90 1.05 1.20 1.35 1.50
g 40 0.00 0.02 0.04 0.06 0.08 0.10 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
% 50 0.00 0.05 0.07 0.10 0.12 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.49
f_% 60 0.00 0.03 0.06 0.09 0.12 0.15 0.30 0.60 0.90 1.20 1.50 1.80 2.10 2.39 2.69 2.99
g- 70 0.00 0.03 0.07 0.10 0.14 0.17 0.35 0.70 1.05 1.40 1.75 2.10 2.44 2.79 3.14 3.49
80 0.00 0.04 0.08 0.12 0.16 0.20 0.40 0.80 1.20 1.60 2.00 2.39 2.79 3.19 3.59 3.99

90 0.00 0.04 0.09 0.13 0.18 0.22 0.45 0.90 1.35 1.80 2.25 2.69 3.14 3.59 4.04 4.49

100 0.00 0.05 0.10 0.15 0.20 0.25 0.50 1.00 1.50 2.00 2.49 2.99 3.49 3.99 4.49 4.99

Displacement and mortality values were taken from RWE (2022); 30-70% displacement and mortality 1-10%.

Table A.41: Manx shearwater breeding season (April — Mid October) displacement matrix (bottom right corner represent the abundance at the AA plus a 2 km buffer). The final estimates, as per NatureScot guidance, are colour coded with dark green
representing the rates per Table 2.4; and light green representing other values considered as per NatureScot guidance. All values have been rounded to 2 decimal places for table formatting only.

Mortality level (%)

0 1 2 3 4 5 10 20 30 40 50 60 70 80 90 100

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

10 0.00 0.01 0.02 0.03 0.04 0.05 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

g 20 0.00 0.02 0.04 0.06 0.08 0.10 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
F>-’ 30 0.00 0.03 0.06 0.09 0.12 0.15 0.30 0.60 0.90 1.20 1.50 1.80 2.10 2.40 2.70 3.00
g 40 0.00 0.04 0.08 0.12 0.16 0.20 0.40 0.80 1.20 1.60 2.00 2.40 2.80 3.20 3.60 4.00
% 50 0.00 0.10 0.15 0.20 0.25 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
§ 60 0.00 0.06 0.12 0.18 0.24 0.30 0.60 1.20 1.80 2.40 3.00 3.60 4.20 4.80 5.40 6.00
'(D% 70 0.00 0.07 0.14 0.21 0.28 0.35 0.70 1.40 2.10 2.80 3.50 4.20 4.90 5.60 6.30 7.00
80 0.00 0.08 0.16 0.24 0.32 0.40 0.80 1.60 2.40 3.20 4.00 4.80 5.60 6.40 7.20 8.00

90 0.00 0.09 0.18 0.27 0.36 0.45 0.90 1.80 2.70 3.60 4.50 5.40 6.30 7.20 8.10 9.00

100 0.00 0.10 0.20 0.30 0.40 0.50 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.01

Displacement and mortality values were taken from RWE (2022); 30-70% displacement and mortality 1-10%.
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C. Cumulative run outputs
C.1. Guillemot

Table A.42: Mean predicted Guillemot adult annual mortalities and survival rates with and without displacement and barrier effects from the proposed development and the three closest operational windfarms along the east coast of Scotland:
Aberdeen Bay, Kincardine and Hywind Scotland.

Additional
Population mortalities Baseline mortality rate Percentage point difference
size (adults) Year type Baseline mortality (adults) Impact mortality (adults) (adults) (%) Impact mortality rate (%) (95% confidence intervals)
Buchan Ness to 40,762 Poor 9,090.5 (+30.45) 9,418.1 (+67.51) 327.6 22.30 23.11 0.804 (0.305 - 1.302)
Collieston Coast Moderate 4,466.5 (£17.32) 4,688.1 (£39.98) 221.6 10.96 11.50 0.544 (0.232 - 0.855)
Good 3,532.3 (x06.73) 3,718.0 (+49.16) 185.7 8.67 9.12 0.456 (0.184 - 0.727)
Troup, Pennen and Lion's 47,718 Poor 10,674.8 (£14.01) 10,700.3 (£21.23) 25.5 22.37 22.42 0.053 (-0.053 - 0.16)
Heads Moderate 5,500.2 (£35.14) 5,522.8 (+40.41) 22.6 11.53 11.57 0.047 (0.011 - 0.084)
Good 4,166.0 (£26.52) 4,196.6 (£29.37) 30.6 8.73 8.79 0.064 (0.028 - 0.101)

Table A.43: Mean predicted guillemot chick mortalities and survival rates during the chick-rearing season with and without displacement and barrier effects from the proposed development and the three closest operational windfarms along the east
coast of Scotland: Aberdeen Bay, Kincardine and Hywind Scotland.

Percent additional mortality (95%

Number of chicks* Baseline mortality (chicks) Impact mortality (chicks) Additional mortalities (chicks) confidence intervals)
Buchan Ness to Collieston Coast 20,381 3,141.0 5,131.2 1,990.2 9.765 (8.016 - 11.514)
Troup, Pennen and Lion's Heads 23,859 3,840.9 4,190.6 349.7 1.466 (0.961 - 1.970)

*SeabORD assumes one chick per pair of adults simulated.

Table A.44: SeabORD outputs for guillemot at the two colonies in a moderate chick-reasring period for the cumulative run including the proposed development and the three closest operational windfarms along the east coast of Scotland: Aberdeen
Bay, Kincardine and Hywind Scotland.

Additional total

Proportion of number of trips

the Additional distance flown when Number of adults directly Scenario

population in Number of flown when development impacted by the (development
the adults birds in development present present vs not development (displaced or present / not Adult survival at end of Initial adult body mass Final adult body mass
simulation simulation Vs not present (km) present barriered)* present) breeding season (%) (9) (9)
Buchan Ness to 1 40,762 -23.574 (+4.467) -0.740 (x0.026) 20,475 Not present 100 (x0) 920.15 (x0) 864.65 (+16.466)
Collieston Coast Present 100 (0) 920.15 (+0) 861.96 (+15.602)
Troup, Pennen and 1 35,612 -7.238 (+0.451) -0.129 (+0.007) 8,340 Not present 100 (+0) 920.32 (+0) 863.95 (+16.547)
Lion’s Heads Present 100 (0) 920.32 (+0) 863.73 (+16.389)

* The number of adults directly impacted includes any adults that were displaced and/or barriered at least once during the chick-rearing period. Direct impacts do not always result in mortality.
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C.2. Razorhbhill

Table A.45: Mean predicted razorbill adult annual mortalities and survival rates with and without displacement and barrier effects from the proposed development, Segreen, and the three closest operational windfarms along the east coast of Scotland:
Aberdeen Bay, Kincardine and Hywind Scotland.

Additional
Population mortalities Baseline mortality rate Percentage point difference
size (adults) Year type Baseline mortality (adults) Impact mortality (adults) (adults) (%) Impact mortality rate (%) (95% confidence intervals)
Fowlsheugh 20,870 Poor 4,480.3 (+157.17) 4,715.1 (+177.48) 234.8 21.47 22.59 1.125 (0.822 - 1.428)
Moderate 2,365.0 (£98.06) 2,544.8 (+112.77) 179.8 11.33 12.19 0.862 (0.665 - 1.058)
Good 1,297.7 (+66.76) 1,425.9 (+84.38) 128.2 6.22 6.83 0.614 (0.382 - 0.847)
Troup, Pennen and Lion's 8,802 Poor 2,364.8 (+23.61) 2,384.1 (+19.28) 19.3 26.87 27.09 0.219 (-0.06 - 0.498)
Heads Moderate 1,356.0 (+19.63) 1,372.2 (¥17.36) 16.2 15.41 15.59 0.184 (0.066 - 0.302)
Good 712.9 (+15.67) 724.8 (+16.86) 11.9 8.1 8.23 0.135 (0.036 - 0.234)

Table A.46: Mean predicted razorbill chick mortalities and survival rates during the chick-rearing season with and without displacement and barrier effects from the proposed development Segreen, and the three closest operational windfarms along
the east coast of Scotland: Aberdeen Bay, Kincardine and Hywind Scotland.

Additional mortalities Percent additional mortality (95% confidence

Number of chicks* Baseline mortality (chicks) Impact mortality (chicks) (chicks) intervals)

Fowlsheugh 10,435 554.8 1,015.0 460.2 4.41 (3.711 - 5.110)
Troup, Pennen and Lion’s Heads 4,401 732.1 821.9 89.8 2.04 (1.244 - 2.837)

*SeabORD assumes one chick per pair of adults simulated.

Table A.47: SeabORD outputs for razorbill at the two colonies in a moderate chick-reasring period for the cumulative run including the proposed development, Segreen and the three closest operational windfarms along the east coast of Scotland:
Aberdeen Bay, Kincardine and Hywind Scotland.

Additional total

Proportion of number of trips

the Additional distance flown when Number of adults directly Scenario

population in Number of flown when development impacted by the (development
the adults birds in development present present vs not development (displaced or present / not Adult survival at end of Initial adult body mass Final adult body mass
simulation simulation Vs not present (km) present barriered)* present) breeding season (%) (9) (9)
Fowlsheugh 1 20,870 8.783 (x2.12) -0.230 (+0.065) 12,380 Not present 100 (+0) 582.96 (+0) 567.94 (+6.539)
Present 100 (+0) 582.96 (z0) 565.95 (+6.547)
Troup, Pennen and 1 8,802 -8.35 (£1.143) -0.152 (+0.012) 2,422 Not present 100 (+0) 582.39 (+0) 545.14 (£11.167)
Lion’s Heads Present 100 (+0) 582.39 (x0) 544.79 (£11.01)

* The number of adults directly impacted includes any adults that were displaced and/or barriered at least once during the chick-rearing period. Direct impacts do not always result in mortality.
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C.3. Puffin

Table A.48: Mean predicted puffin adult annual mortalities and survival rates with and without displacement and barrier effects in the three cumulative scenarios with the proposed development, the three closest operational windfarms along the east
coast of Scotland (Aberdeen Bay, Kincardine and Hywind Scotland) and (1) the operational windfarms in the Moray Firth (Beatrice Offshore windfarm and Moray East Offshore windfarm), (2) ) the operational, in construction and consented
windfarms in the outer Firth of Forth excluding Berwick Bank, and (3) all the operational, in construction and consented windfarms in the outer Firth of Forth..

Populatio Additional Percentage point

n size Baseline mortality Scaled baseline Impact mortality Scaled impact mortalities Baseline Impact mortality difference (95%

Cumulative run (adults) Year type (adults) mortality (adults) (adults) mortality (adults) (adults) mortality rate (%) rate (%) confidence intervals)
1 Coquet Island 50,060 Poor 2,016.3 (+50.09) 10,081.5 2,019 (+50.63) 1,009.5 135 4.03 4.03 0.027 (-0.001 - 0.054)
Moderate 1,497.7 (x39.07) 7,488.5 1,501.5 (39.12) 7,507.5 19 2.99 S 0.038 (0.011 - 0.065)

Good 819 (+29.48) 4,095.0 819.6 (+28.61) 4,098.0 3 1.64 1.64 0.006 (-0.026 - 0.038)

Farne Islands 87,500 Poor 3,245.2 (£6.29) 16,226.0 3,254.0 (£7.5) 16,270.0 44 3.71 3.72 0.05 (0.013 - 0.088)

Moderate 2,236.2 (¥9.09) 11,181.0 2,247 (x10.39) 11,235.0 54 2.56 2.57 0.062 (0.026 - 0.097)

Good 1,202.7 (£7.53) 6,013.5 1,206.5 (+8.98) 6,032.5 19 1.37 1.38 0.022 (-0.02 - 0.063)

Forth Islands 90,290 Poor 3,540.8 (¥24.03) 17,704.0 3,573.9 (¥26.84) 17,869.5 165.5 3.92 3.96 0.183 (0.125 - 0.242)

Moderate 2,516.3 (¥22.03) 12,581.5 2,539.1 (+26.48) 12,695.5 114 2.79 2.81 0.126 (0.039 - 0.213)

Good 1,384.5 (+16.65) 6,922.5 1,403.1 (¥18.73) 7,015.5 93 1.53 1.55 0.103 (0.039 - 0.167)

2 Coquet Island 50,060 Poor 2,016.3 (¥50.09) 10,081.5 2,056.7 (£50.78) 10,283.5 202 4.03 411 0.404 (0.254 - 0.553)
Moderate 1,497.7 (x39.07) 7,488.5 1,535.8 (x44.14) 7,679.0 190.5 2.99 3.07 0.381 (0.2 - 0.562)

Good 819.0 (+29.48) 4,095.0 842.7 (+33.36) 4,213.5 118.5 1.64 1.68 0.237 (0.085 - 0.389)

Farne Islands 87,500 Poor 3,245.2 (¥6.29) 16,226.0 3,365.6 (¥16.62) 1,6828.0 602 3.71 3.85 0.688 (0.421 - 0.955)

Moderate 2,236.2 (£9.09) 11,181.0 2,327.3 (¥11.22) 11,636.5 455.5 2.56 2.66 0.521 (0.285 - 0.756)

Good 1,202.7 (+7.53) 6,013.5 1,258.8 (+17.97) 6,294.0 280.5 1.37 1.44 0.321 (0.101 - 0.54)

Forth Islands 90,290 Poor 3,540.8 (¥24.03) 17,704.0 4,624.1 (£62.73) 23,120.5 5,416.5 3.92 5.12 5.999 (4.919 - 7.079)

Moderate 2,516.3 (x22.03) 12,581.5 3,395.7 (x48.99) 16,978.5 4397 2.79 3.76 4.87 (4.02 -5.719)

Good 1,384.5 (+16.65) 6,922.5 2,015.0 (£29.13) 10,075.0 3,152.5 1.53 2.23 3.492 (2.946 - 4.037)

3 Coquet Island 50,060 Poor 2,016.3 (+50.09) 10,081.5 2,120.6 (+53.38) 10,603.0 521.5 4.03 4.24 1.042 (0.859 - 1.225)
Moderate 1,497.7 (x39.07) 7,488.5 1,584.5 (x49.74) 7,922.5 434.0 2.99 3.17 0.867 (0.531 - 1.203)

Good 819 (+29.48) 4,095.0 885.9 (£37.95) 4,429.5 334.5 1.64 1.77 0.668 (0.426 - 0.91)

Farne Islands 87,500 Poor 3,245.2 (¥6.29) 16,226.0 3,580.8 (¥29.53) 17,904.0 1,678.0 3.71 4.09 1.918 (1.46 - 2.376)

Moderate 2,236.2 (+9.09) 11,181.0 2,509.2 (+27.26) 12,546.0 1,365.0 2.56 2.87 1.56 (1.113 - 2.007)

Good 1,202.7 (+7.53) 6,013.5 1,373.9 (+20.29) 6,869.5 856.0 1.37 1.57 0.978 (0.716 - 1.241)

Forth Islands 90,290 Poor 3,540.8 (¥24.03) 1,7704 6,305.1 (+64.98) 31,525.5 13,821.5 3.92 6.98 15.308 (14.31 - 16.305)

Moderate 2,516.3 (¥22.03) 12,581.5 4,964.8 (+86.94) 24,824.0 12,242.5 2.79 5.8 13.559 (12.228 - 14.89)

Good 1,384.5 (+16.65) 6,922.5 3,348.7 (+70.44) 16,743.5 9,821.0 1.53 371  10.877 (9.777 - 11.977)
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Table A.49: Mean predicted puffin chick mortalities and survival rates during the chick-rearing season with and without displacement and barrier effects in the three cumulative scenarios with the proposed development, the three closest operational
windfarms along the east coast of Scotland (Aberdeen Bay, Kincardine and Hywind Scotland) and (1) the operational windfarms in the Moray Firth (Beatrice Offshore windfarm and Moray East Offshore windfarm), (2) ) the operational, in
construction and consented windfarms in the outer Firth of Forth excluding Berwick Bank, and (3) all the operational, in construction and consented windfarms in the outer Firth of Forth.

Number of Scaled baseline Impact mortality Scaled impacts Percent additional mortality (95%

Cumulative run chicks* Baseline mortality (chicks) mortality (chicks) (chicks) mortality (chicks) Additional mortalities (chicks) confidence intervals)
1 Coquet Island 2,5030 476.2 2381.0 479.4 2397.0 3.2 0.064 (-0.016 - 0.144)
Farne Islands 4,3750 842.5 42125 851.9 4259.5 9.4 0.107 (-0.006 - 0.221)

Forth Islands 4,5145 953.3 4766.5 976.5 4882.5 23.2 0.257 (-0.033 - 0.547)

2 Coquet Island 2,5030 476.2 2381.0 501.7 2508.5 25.5 0.509 (-0.357 - 1.376)
Farne Islands 4,3750 842.5 42125 930.0 4650.0 87.5 1.000 (-0.763 - 2.763)

Forth Islands 4,5145 953.3 4766.5 1909.9 9549.5 956.6 10.595 (-3.353 - 24.543)

3 Coquet Island 2,5030 476.2 2381.0 543.4 2717.0 67.2 1.342 (-1.174 - 3.859)
Farne Islands 4,3750 842.5 4212.5 1107.5 5537.5 265.0 3.029 (-2.070 - 8.127)

Forth Islands 4,5145 953.3 4766.5 3934.3 19671.5 2,981.0 33.016 (14.189 - 51.842)

*SeabORD assumes one chick per pair of adults simulated.
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Table A.50: SeabORD outputs for puffin at the two colonies in a moderate chick-reasring period for the cumulative run including the proposed development, the three closest operational windfarms along the east coast of Scotland (Aberdeen Bay,
Kincardine and Hywind Scotland) and (1) the operational windfarms in the Moray Firth (Beatrice Offshore windfarm and Moray East Offshore windfarm), (2) ) the operational, in construction and consented windfarms in the outer Firth of
Forth excluding Berwick Bank, and (3) all the operational, in construction and consented windfarms in the outer Firth of Forth..

Additional total Scaled number of

Proportion
of the

population
Cumulative in the
run simulation

Number of
adults birds
in simulation

Additional distance
flown when development
present vs not present

(km)

number of trips
flown when
development
present vs not
present

Number of adults
directly impacted by the
development (displaced

or barriered)*

adults directly
impacted by the
development
(displaced or
barriered)*

Scenario
(developme
nt present /
not present)

Adult survival at

end of breeding
season (%)

Initial adult
body mass

(@)

Final adult body
mass (g)

1 Coquet Island 0.2 10,012 -0.393 (+0.572) -0.007 (+0.004) 774 3,870  Not present 100 (+0.00)  392.88 (+0)  369.10 (+8.160)
Present 100 (+0.00)  392.88 (x0)  369.05 (+8.155)

Farne Islands 0.2 17,500 -1.419 (+0.722) -0.017 (+0.005) 2,009 10,045  Not present 100 (x0.01)  392.93 (+0)  368.45 (+8.391)

Present 100 (+0.01)  392.93 (+0)  368.36 (+8.381)

Forth Islands 0.2 18,058 -1.598 (+1.665) -0.04 (+0.015) 5,382 26,910  Not present 100 (+0.01)  392.60 (+0)  368.57 (+8.258)

Present 100 (x0.01)  392.60 (x0)  368.24 (+8.259)

2 Coquet Island 0.2 10,012 25.728 (+8.722) -0.025 (+0.06) 3,994 19,970  Not present 100 (x0.00)  392.88 (x0)  369.10 (+8.106)
Present 100 (+0.00)  392.88 (+0)  368.37 (+8.297)

Farne Islands 0.2 17,500 59.542 (+7.935) -0.001 (+0.091) 8,815 44,075  Not present 100 (x0.01)  392.93 (+0)  368.45 (+8.391)

Present 100 (x0.01) 39293 (+0)  367.18 (+8.680)

Forth Islands 0.2 18,058 532.723 (+74.674) -0.309 (+0.803) 10,849 52,245  Not present 100 (+0.01)  392.60 (+0)  368.57 (+8.258)

Present 99.9 (+0.14)  392.60 (x0)  358.93 (+9.622)

3 Coquet Island 0.2 10,012 79.803 (+21.377) -0.019 (0.143) 5,449 27,245  Not present 100 (+0.00)  392.88 (x0)  369.10 (+8.160)
Present 99.99 (+0.01)  392.88 (+0)  367.31 (+8.446)

Farne Islands 0.2 17,500 163.360 (+34.424) -0.039 (0.291) 10,392 51,960  Not present 100 (+0.01)  392.93 (+0)  368.45 (+8.391)

Present 99.99 (+0.02)  392.93 (x0)  364.92 (+9.033)

Forth Islands 0.2 18,058 1,098.118 (+194.255) -1.089 (+1.614) 10,849 54,245  Not present 100 (+0.01)  392.60 (x0)  368.57 (+8.258)

Present 98.65 (+1.27)  392.60 (+0)  345.80 (+9.265)

* The number of adults directly impacted includes any adults that were displaced and/or barriered at least once during the chick-rearing period. Direct impacts do not always result in mortality.




1349795

C.4. Kittiwake

Table A.51: Mean predicted kittiwake adult annual mortalities and survival rates with and without displacement and barrier effects in the three cumulative scenarios with the proposed development, the three closest operational windfarms along the
east coast of Scotland (Aberdeen Bay, Kincardine and Hywind Scotland) and (1) the operational windfarms in the Moray Firth (Beatrice Offshore Windfarm, Moray East Offshore windfarm and Moray West Offshore windfarm), (2) ) the
operational, in construction and consented windfarms in the outer Firth of Forth excluding Berwick Bank, and (3) all the operational, in construction and consented windfarms in the outer Firth of Forth..

Cumulative run

Populatio

n size

(adults)

Year type

Baseline mortality
(adults)

Scaled baseline
mortality (adults)

Impact mortality
(adults)

Scaled impact
mortality (adults)

Additional
mortalities
(adults)

Baseline
mortality rate (%)

Impact mortality
rate (%)

Percentage point
difference (95%
confidence intervals)

1 Buchan Ness 27,100 Poor 1,087.1(+16.86) 10,871 1,094.4(+17.06) 10,944 73 4.01 4.04 0.269 (-0.014 - 0.552)
to Collieston Moderate 712.1(+13.49) 7,121 726.5(x14.74) 7,265 144 2.63 2.68 0.531 (0.183 - 0.88)
Coast Good 433.1(+2.51) 4,331 443.2(+4.52) 4,432 101 1.6 1.64 0.373 (0.138 - 0.608)

East Caithness 48,960 Poor 1,948.2(+28.29) 19,482 1,953.5(+28.24) 19,535 53 3.98 3.99 0.108 (-0.013 - 0.229)
Cliffs Moderate 1,301.6(+19.47) 13,016 1,306.4(+20.02) 13,064 48 2.66 2.67 0.098 (0.023 - 0.173)

Good 738.2(+10.12) 7,382 739(+10.46) 7,390 8 1.51 1.51 0.016 (-0.085 - 0.118)

Forth islands 13,240 Poor 518.1(+2.73) 5,181 518.6(+2.76) 5,186 5 3.91 3.92 0.038 (-0.115 - 0.19)
Moderate 338.2(8.11) 3,382 337.7(+8.34) 3,377 -5 2.55 2.55 -0.038 (-0.164 - 0.089)

Good 220.4(+4.2) 2,204 220(x4.4) 2,200 -4 1.66 1.66 -0.03 (-0.156 - 0.095)

Fowlsheugh 30,960 Poor 1,264.4(+6.72) 12,644 1,270.1(7.65) 12,701 57 4.08 4.1 0.184 (0.014 - 0.354)
Moderate 847.3(5.14) 8,473 858.6(5.72) 8,586 113 2.74 2.77 0.365 (0.109 - 0.621)

Good 509.5(+4.67) 5,095 517.2(+4.92) 5,172 77 1.65 1.67 0.249 (0.104 - 0.393)

St Abb’s Head 9,160 Poor 335(+2.87) 3,350 336.2(+3.08) 3,362 12 3.66 3.67 0.131 (-0.033 - 0.295)
to Fast Castle Moderate 241.4(5.91) 2,414 240.9(+5.57) 2,409 -5 2.64 2.63 -0.055 (-0.191 - 0.082)
Good 133.8(+5.29) 1,338 133.5(+5.21) 1,335 -3 1.46 1.46 -0.033 (-0.208 - 0.142)

Troup, Pennan 27,340 Poor 1,099.6(+5.15) 10,996 1102(+4.35) 11,020 24 4.02 4.03 0.088 (-0.036 - 0.212)
and Lion’s Moderate 754.5(+11.59) 7,545 756.3(+10.64) 7,563 18 2.76 2.77 0.066 (-0.125 - 0.257)
Head Good 412.3(+6.52) 4,123 412.3(+6.33) 4,123 0 1.51 1.51 0 (-0.136 - 0.136)

2 Buchan Ness 27,100 Poor 1,087.1 (+16.86) 10,871 1,099.5 (+17.39) 10,995 124 4.01 4.06 0.458 (0.117 - 0.798)
to Collieston Moderate 712.1 (+13.49) 7,121 728.7 (+11.46) 7,287 166 2.63 2.69 0.613 (0.309 - 0.916)
Coast Good 433.1 (+02.51) 4,331 444.1 (+04.25) 4,441 110 1.6 1.64 0.406 (0.226 - 0.586)

East Caithness 48,960 Poor 1,948.2 (+28.29) 19,482 1,953.4 (+29.20) 19,534 52 3.98 3.99 0.106 (-0.027 - 0.239)
Cliffs Moderate 1,301.6 (+19.47) 13,016 1,305.5 (+20.67) 13,055 39 2.66 2.67 0.08 (-0.029 - 0.188)

Good 738.2 (+10.12) 7,382 741.0 (+10.61) 7,410 28 1.51 1.51 0.057 (-0.061 - 0.175)

Forth islands 13,240 Poor 519.6 (+2.07) 5,196 529.7 (+2.26) 5,297 101 3.92 4.00 0.763 (0.548 - 0.977)
Moderate 340.5 (+5.58) 3,405 353.7 (+5.85) 3,537 132 2.57 2.67 0.997 (0.683 - 1.311)

Good 223.3 (+4.40) 2,233 218.0 (+5.50) 2,180 -53 1.69 1.65 -0.40 (-0.749 - -0.051)

Fowlsheugh 30,960 Poor 1,264.4 (+6.72) 12,644 1,288.5 (+12.93) 12,885 241 4.08 4.16 0.778 (0.057 - 1.500)
Moderate 847.3 (+5.14) 8,473 876.6 (+9.06) 8,766 293 2.74 2.83 0.946 (0.372 - 1.521)

Good 509.5 (+4.67) 5,095 527.2 (+8.61) 5,272 177 1.65 1.70 0.572 (0.143 - 1.001)
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Populatio

n size

Baseline mortality

Scaled baseline

Impact mortality

Scaled impact

Additional
mortalities

Baseline

Impact mortality

Percentage point
difference (95%

Cumulative run (adults) Year type (adults) mortality (adults) (adults) mortality (adults) (adults) mortality rate (%) rate (%) confidence intervals)
St Abb’s Head 9,160 Poor 335.0 (+2.87) 3,350 336.2 (+3.16) 3,362 12 3.66 3.67 0.131 (-0.323 - 0.585)
to Fast Castle Moderate 241.4 (+5.91) 2,414 241.2 (+5.25) 2,412 -2 2.64 2.63 -0.022 (-0.363 - 0.319)

Good 133.8 (¢5.29) 1,338 133.9 (¢5.97) 1,339 1 1.46 1.46 0.011 (-0.322 - 0.344)

Troup, Pennan 27,340 Poor 1,097.9 (x4.77) 10,979 1,102.1 (£3.81) 11,021 42 4.02 4.03 0.154 (-0.05 - 0.357)
and Lion’s Moderate 755.7 (£9.41) 7,557 758.4 (+10.82) 7,584 27 2.76 2.77 0.099 (-0.075 - 0.273)
Head Good 413.7 (+8.30) 4,137 416.0 (+8.68) 4,160 23 151 152 0.084 (-0.052 - 0.22)

3 Buchan Ness 27,100 Poor 1,087.1 (+16.86) 10,871 1,097.2 (+17.47) 10,972 101 4.01 4.05 0.373 (-0.026 - 0.772)
to Collieston Moderate 712.1 (+13.49) 7,121 726.3 (+13.66) 7,263 142 2.63 2.68 0.524 (0.122 - 0.926)
Coast Good 433.1 (x02.51) 4,331 443.3 (x03.97) 4,433 102 1.60 1.64 0.376 (0.024 - 0.729)

East Caithness 48,960 Poor 1948.2 (+28.29) 19482 1930.4 (+26.86) 19304 -178 3.98 3.94 -0.364 (-0.46 - -0.267)
Cliffs Moderate 1301.6 (+¥19.47) 13016 1296.9 (+19.64) 12969 -47 2.66 2.65 -0.096 (-0.265 - 0.073)

Good 738.2 (+10.12) 7382 729.8 (£9.19) 7298 -84 1.51 1.49 -0.172 (-0.32 - -0.023)

Forth islands 13,240 Poor 518.1 (+2.73) 5,181 522.3 (+3.83) 5,223 42 3.91 3.94 0.317 (-0.167 - 0.801)
Moderate 338.2 (£8.11) 3,382 340.2 (+6.03) 3,402 20 2.55 2.57 0.151 (-0.327 - 0.629)

Good 220.4 (+4.20) 2,204 220.3 (+4.30) 2,203 -1 1.66 1.66 -0.008 (-0.306 - 0.291)

Fowlsheugh 30,960 Poor 1264.4 (+6.72) 12644 1271.2 (7.21) 12712 68 4.08 4.11 0.22 (-0.008 - 0.448)
Moderate 847.3 (£5.14) 8473 858.8 (+4.92) 8588 115 2.74 2.77 0.371 (0.028 - 0.715)

Good 509.5 (+4.67) 5095 518.2 (+4.42) 5182 87 1.65 1.67 0.281 (0.132 - 0.43)

St Abb’s Head 9,160 Poor 335.0 (+2.87) 3,350 336.1 (+4.01) 3,361 11 3.66 3.67 0.120 (-0.607 - 0.847)
to Fast Castle Moderate 241.4 (¢5.91) 2,414 242.2 (+4.66) 2,422 8 2.64 2.64 0.087 (-0.442 - 0.617)
Good 133.8 (¢5.29) 1,338 135.7 (+6.34) 1,357 19 1.46 1.48 0.207 (-0.257 - 0.672)

Troup, Pennan 27,340 Poor 1,097.2 (+3.43) 10,972 1,100.5 (+3.50) 11,005 33 4.01 4.03 0.121 (-0.038 - 0.279)
and Lion’s Moderate 755.0 (+9.88) 7,550 757.0 (£9.15) 7,570 20 2.76 2.77 0.073 (-0.069 - 0.215)
Head Good 414.8 (+6.89) 4,148 416.4 (+6.70) 4,164 16 1.52 1.52 0.059 (-0.051 - 0.168)
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Table A.52: Mean predicted kittiwake chick mortalities and survival rates during the chick-rearing season with and without displacement and barrier effects in the three cumulative scenarios with the proposed development, the three closest
operational windfarms along the east coast of Scotland (Aberdeen Bay, Kincardine and Hywind Scotland) and (1) the operational windfarms in the Moray Firth (Beatrice Offshore Windfarm, Moray East Offshore windfarm and Moray West
Offshore windfarm), (2) ) the operational, in construction and consented windfarms in the outer Firth of Forth excluding Berwick Bank, and (3) all the operational, in construction and consented windfarms in the outer Firth of Forth.

Cumulative Number of Baseline Scaled baseline Impact mortality Scaled impact Additional mortalities Percent additional mortality (95% confidence
run chicks* mortality (chicks) mortality (chicks) (chicks) mortality (chicks) (chicks) intervals)
1 Buchan Ness to Collieston Coast 13,550 767.9 7,679 799.6 7,996 31.7 2.339 (-0.618 - 5.297)
East Caithness Cliffs 24,480 1,483.2 14,832 1,490.9 14,909 7.7 0.315 (-0.541 - 1.171)

Forth islands 6,620 397.6 3,976 401.1 4,011 35 0.529 (-0.213 - 1.27)

Fowlsheugh 15,480 902.1 9,021 932.6 9,326 30.5 1.97 (-0.352 - 4.293)

St Abb’s Head to Fast Castle 4,580 267.1 2,671 269 2,690 1.9 0.415 (-0.1 - 0.93)

Troup, Pennan and Lion’s Head 13,670 832.3 8,323 841.8 8,418 9.5 0.695 (-0.01 - 1.4)

2 Buchan Ness to Collieston Coast 13,550 767.9 7,679 802.0 8,020 34.1 2.517 (-0.416 - 5.449)
East Caithness Cliffs 24,480 1,483.2 14,832 1,493.3 14,933 10.1 0.413 (0.052 - 0.774)

Forth islands 6,620 271 2,710 336.7 3,367 65.7 9.924 (9.046 - 10.803)

Fowlsheugh 15,480 902.1 9,021 996.5 9,965 94.4 6.098 (3.158 - 9.039)

St Abb’s Head to Fast Castle 4,580 267.1 2,671 270.0 2,700 29 0.633 (0.013 - 1.253)

Troup, Pennan and Lion’s Head 13,670 734 7,340 753.7 7,537 19.7 1.441 (0.705 - 2.178)

3 Buchan Ness to Collieston Coast 13,550 767.9 7,679 799.8 7,998 31.9 2.354 (-0.81 - 5.518)
East Caithness Cliffs 24,480 1,483.2 14,832 1,525.8 15,258 42.6 1.74 (-0.177 - 3.657)

Forth islands 6,620 397.6 3,976 406.8 4,068 9.2 1.39 (0.407 - 2.372)

Fowlsheugh 15,480 902.1 9,021 935.9 9,359 33.8 2.183 (0.196 - 4.171)

St Abb’s Head to Fast Castle 4,580 267.1 2,671 272.9 2,729 5.8 1.266 (0.05 - 2.482)

Troup, Pennan and Lion’s Head 13,670 747.3 7,473 759.2 7,592 11.9 0.871 (0.042 - 1.699)

*SeabORD assumes one chick per pair of adults simulated.
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Table A.53: SeabORD outputs for kittiwake at the two colonies in a moderate chick-reasring period for the cumulative run including the proposed development, the three closest operational windfarms along the east coast of Scotland (Aberdeen Bay,
Kincardine and Hywind Scotland) and (1) the operational windfarms in the Moray Firth (Beatrice Offshore Windfarm, Moray East Offshore windfarm and Moray West Offshore windfarm), (2) ) the operational, in construction and consented

windfarms in the outer Firth of Forth excluding Berwick Bank, and (3) all the operational, in construction and consented windfarms in the outer Firth of Forth..

Proportion
of the

population
in the
run simulation

Cumulative

Number of
adults birds
in simulation

Additional distance
flown when development
present vs not present
(km)

Additional total
number of trips
flown when
development
present vs not
present

Number of adults
directly impacted by the
development (displaced

or barriered)*

Scaled number of
adults directly
impacted by the
development
(displaced or
barriered)*

Scenario
(developme
nt present /
not present)

Adult survival at
end of breeding
season (%)

Initial adult
body mass

(©))

Final adult body
mass (g)

1 Buchan Ness fo 0.1 2,710  -44.652 (+6.869)-44.652 -0.454 (+0.044)- 826 8,260  Not present 100 (+0)  371.88(x0)  343.6 (+5.201)
Collieston Coast (+6.869) 0.454 (£0.044) Present 100 (+0) 371.88 (+0)  343.06 (+5.196)

East Caithness 0.1 4,896 3.43 (x12.592)3.43 -0.02 (+0.03)-0.02 1,465 14,650 Not present 100 (+0) 372.59 (x0) 345.35 (+4.93)

Cliffs (+12.592) (+0.03) Present 100 (+0) 37259 (+0)  345.28 (+4.937)

Forth Islands 0.1 1,324 -7.689 (+2.819)-7.689  -0.1 (+0.028)-0.1 209 2,090  Not present 100 (+0)  373.12 (x0)  345.76 (+4.917)

(¥2.819) (+0.028) Present 100 (+0)  373.12 (x0)  345.76 (+4.92)

Fowlsheugh 0.1 3,096  -28.789 (+5.972)-28.789 -0.306 (+0.042)- 899 8,990  Not present 100 (+0) 37153 (x0)  344.01 (x4.92)

(#5.972) 0.306 (+0.042) Present 100 (0)  371.53 (x0)  343.65 (+4.877)

St Abb’s Head to 0.1 916 -7.99 (+3.743)-7.99  -0.09 (+0.033)-0.09 190 1,900  Not present 100 (+0)  373.31 (x0) 345.37 (+5.2)

Fast Castle (£3.743) (£0.033) Present 100 (0)  373.31(x0)  345.34 (+5.155)

Troup, Pennan 0.1 2,734 -13.62 (+3.328)-13.62 -0.134 (+0.027)- 819 8,190 Not present 100 (x0) 372.71 (x0) 342.46 (x4.478)

and Lion’s Head (£3.328) 0.134 (x0.027) Present 100 (0) 37271 (20)  342.35 (+4.469)

2 Buchan Ness fo 0.1 2,710 -42.595 (+8.551) -0.479 (+0.048) 827 8,270  Not present 100 (+0)  371.88 (x0) 343.60 (+05.201)
Collieston Coast Present 100 (+0) 371.88 (+0) 343.02 (+05.156)

East Caithness 0.1 4,896 0.472 (+2.664) -0.061 (+0.02) 799 7,990  Not present 100 (+0)  372.59 (x0)  345.35 (+4.930)

Cliffs Present 100 (0)  372.59 (x0)  345.23 (+4.869)

Forth Islands 0.1 1,324 145.823 (+11.215) -1.325 (+0.115) 396 3,960  Not present 100 (+0)  373.12 (x0)  351.64 (+1.661)

Present 100 (+0)  373.12 (x0)  350.92 (+1.559)

Fowlsheugh 0.1 3,096 69.318 (+27.492) -0.929 (+0.195) 899 8,990  Not present 100 (+0)  371.53 (x0)  344.01 (+4.920)

Present 100 (+0)  371.53 (x0)  342.94 (+4.591)

St Abb’s Head to 0.1 916 0.481 (+6.893) -0.109 (+0.064) 293 2,930  Not present 100 (+0)  373.31(x0)  345.37 (+5.200)

Fast Castle Present 100 (+0)  373.31 (#0)  345.30 (+5.156)

Troup, Pennan 0.1 2,734 -1.028 (+7.239) -0.189 (+0.05) 776 7,760  Not present 100 (+0)  372.71(x0)  344.47 (+5.267)

and Lion’s Head Present 100 (0) 37271 (20)  344.22 (+5.160)

3 Buchan Ness fo 0.1 2,710 -38.897 (+7.826) -0.453 (+0.05) 828 8,280  Not present 100 (+0)  371.88(x0)  343.6 (+5.201)
Collieston Coast Present 100 (+0) 371.88 (x0) 343.02 (5.157)

East Caithness 0.1 4,896 -10.874 (+5.437) -0.262 (+0.034) 823 8,230  Not present 100 (+0) 37259 (+0)  345.35 (+4.93)

Cliffs Present 100 (0)  372.59 (x0)  345.71 (+4.939)

Forth Islands 0.1 1,324 19.963 (+8.791) -0.267 (+0.087) 396 3,960  Not present 100 (+0)  373.12 (x0)  345.76 (+4.917)

Present 100 (+0)  373.12(x0)  345.63 (+4.835)
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Cumulative
run

Proportion
of the

population
in the
simulation

Number of
adults birds
in simulation

Additional distance
flown when development
present vs not present
(km)

Additional total
number of trips
flown when
development
present vs not
present

Number of adults
directly impacted by the
development (displaced

or barriered)*

Scaled number of
adults directly
impacted by the
development
(displaced or
barriered)*

Scenario
(developme
nt present /
not present)

Adult survival at
end of breeding

season (%)

Initial adult
body mass

()

Final adult body

mass (g)

Fowlsheugh 0.1 3,096 -15.063 (+8.585) -0.343 (+0.033) 899 8,990 Not present 100 (x0) 371.53 (x0) 344.01 (£4.92)
Present 100 (x0) 371.53 (x0) 343.58 (+4.884)

St Abb’s Head to 0.1 916 24.41 (+9.132) -0.199 (+0.105) 295 2,950  Not present 100 (+0) 373.31 (x0)  345.37 (+5.200)
Fast Castle Present 100 (+0)  373.31 (+0)  345.17 (+5.100)
Troup, Pennan 0.1 2734 -10.07 (+3.963) -0.138 (+0.026) 781 7,810 Not present 100 (x0) 372.71 (x0) 344.21 (+5.360)
and Lion’s Head Present 100 (0) 37271 (20)  344.07 (+5.308)

* The number of adults directly impacted includes any adults that were displaced and/or barriered at least once during the chick-rearing period. Direct impacts do not always result in mortality.
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