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Executive Summary 

This report constitutes the final report outlining results from digital aerial surveys conducted between 
March 2022 and March 2024 at Spiorad na Mara proposed offshore windfarm site for Spiorad na Mara 
Limited. Surveys were undertaken ǳǎƛƴƎ !t9aΩǎ ƘƛƎƘ-resolution camera system to capture digital still 
imagery of birds and marine megafauna within the proposed offshore wind farm site and a 10-
kilometre (km) buffer referred to as the Survey Area for the remainder of this report.  

Surveys were successfully carried out on a monthly basis for the duration of this report, with no 
technical or safety issues. However, delays due to bad weather affected four surveys, specifically: 
December 2022 was carried out in January 2023, December 2023 was carried out in January 2024, 
January 2024 was carried out in February 2024 and February 2024 was carried out in March 2024.  

A peak of 3,915 observations were recorded in July 2022, of which 3,898 were observations of birds 
and 17 observations of marine megafauna. 

The key findings from each monthly digital aerial survey are as follows: 

¶ Survey 1 ς March 2022 

¶ A total of 1,146 birds and 36 marine megafaunas were recorded. The most abundant 

species recorded in March was guillemot with 292 observations. There were 15 

species groups recorded in this survey, 10 bird groups and five marine megafauna 

groups. 

¶ Survey 2 ς April 2022 

¶ A total of 1,426 birds and eight marine megafaunas were recorded. The most 

abundant species recorded in April was razorbill with 389 observations. There were 

14 species groups recorded in the survey, 11 bird groups and three marine megafauna 

groups. 

¶ Survey 3 ς May 2022 

¶ A total of 453 birds and 10 marine megafaunas were recorded. The most abundant 

species recorded in May was guillemot with 181 observations. There were 15 species 

groups recorded in this survey, 12 bird groups and three marine megafauna groups. 

¶ Survey 4 ς June 2022 

¶ A total of 360 birds and 26 marine megafaunas were recorded. The most abundant 

species recorded in June was guillemot with 111 observations. There were 14 species 

groups recorded in the survey, 11 bird groups and three marine megafauna groups. 

¶ Survey 5 ς July 2022 

¶ A total of 3,898 birds and 17 marine megafaunas were recorded. The most abundant 

species recorded in July was puffin with 2,340 observations. There were 17 species 

groups recorded in this survey, 13 bird groups and four marine megafauna groups. 

¶ Survey 6 ς August 2022 

¶ A total of 423 birds and eight marine megafaunas were recorded. The most abundant 

species recorded in August was gannet with 169 observations. There were 17 species 

groups recorded in this survey, 14 bird groups and three marine megafauna groups. 
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¶ Survey 7 ς September 2022 

¶ A total of 1,646 birds and 74 marine megafaunas were recorded. The most abundant 

species recorded in September was guillemot with 603 observations. There were 19 

species groups recorded in this survey, 13 bird groups and six marine megafauna 

groups. 

¶ Survey 8 ς October 2022 

¶ A total of 322 birds and six marine megafaunas were recorded. The most abundant 

species recorded in October was guillemot with 110 observations. There were 13 

species groups recorded in this survey, 11 bird groups and two marine megafauna 

groups. 

¶ Survey 9 ς November 2022 

¶ A total of 182 birds and five marine megafaunas were recorded. The most abundant 

species recorded in November was kittiwake with 69 observations. There were 11 

species groups recorded in this survey, 10 bird groups and one marine megafauna 

group. 

¶ Survey 10 ς December 2022 

¶ A total of 214 birds were recorded. The most abundant species recorded in December 

was fulmar with 117 observations. There were six bird groups recorded. 

¶ Survey 11 ς January 2023 

¶ A total of 511 birds and 17 marine megafaunas were recorded. The most abundant 

species recorded in January was kittiwake with 244 observations. There were 14 

species groups recorded in this survey, 10 bird groups and four marine megafauna 

groups. 

¶ Survey 12 ς February 2023 

¶ A total of 773 birds and 57 marine megafaunas were recorded. The most abundant 

species recorded in February was kittiwake with 369 observations. There were 16 

species groups recorded in this survey, 12 bird groups and four marine megafauna 

groups. 

¶ Survey 13 ς March 2023 

¶ A total of 750 birds and 14 marine megafaunas were recorded. The most abundant 

species recorded in March was guillemot with 274 observations. There were 13 

species groups recorded in this survey, 11 bird groups and two marine megafauna 

groups. 

¶ Survey 14 ς April 2023 

¶ A total of 526 birds and five marine megafaunas were recorded. The most abundant 

species recorded in April was fulmar with 185 observations. There were 12 species 

groups recorded in this survey, 10 bird groups and two marine megafauna groups. 

¶ Survey 15 ς May 2023 

¶ A total of 447 birds and 104 marine megafaunas were recorded. The most abundant 

species recorded in May was fulmar with 95 observations. There were 15 species 

groups recorded in this survey, 12 bird groups and three marine megafauna groups. 
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¶ Survey 16 ς June 2023  

¶ A total of 540 birds and 17 marine megafaunas were recorded. The most abundant 

species recorded in June was guillemot with 116 observations. There were 14 species 

groups recorded in this survey, 11 bird groups and three marine megafauna groups. 

¶ Survey 17 ς July 2023 

¶ A total of 647 birds and nine marine megafaunas were recorded. The most abundant 

species recorded in July was Arctic tern with 114 observations. There were 18 species 

groups recorded in this survey, 13 bird groups and five marine megafauna groups. 

¶ Survey 18 ς August 2023 

¶ A total of 1,186 birds and ten marine megafaunas were recorded. The most abundant 

species recorded in August was razorbill with 393 observations. There were 15 species 

groups recorded in this survey, 12 bird groups and three marine megafauna groups. 

¶ Survey 19 ς September 2023 

¶ A total of 1,224 birds and 30 marine megafaunas were recorded. The most abundant 

species recorded in September was guillemot with 640 observations. There were 17 

species groups recorded in this survey, 13 bird groups and four marine megafauna 

groups. 

¶ Survey 20 ς October 2023 

¶ A total of 254 birds and 46 marine megafaunas were recorded. The most abundant 

species recorded in October was puffin with 57 observations. There were 15 species 

groups recorded in this survey, 10 bird groups and five marine megafauna groups. 

¶ Survey 21 ς November 2023 

¶ A total of 132 birds and seven marine megafaunas were recorded. The most abundant 

species recorded in November was guillemot with 27 observations. There were 11 

species groups recorded in this survey, nine bird groups and two marine megafauna 

groups. 

¶ Survey 22 ς December 2023 

¶ A total of 259 birds and two marine megafaunas were recorded. The most abundant 

species recorded in December was fulmar with 145 observations. There were 12 

species groups recorded in this survey, 10 bird groups and two marine megafauna 

groups. 

¶ Survey 23 ς January 2024 

¶ A total of 486 birds and 137 marine megafaunas were recorded. The most abundant 

species recorded in January was guillemot with 110 observations. There were 14 

species groups recorded in this survey, nine bird groups and five marine megafauna 

groups. 

¶ Survey 24 ς February 2024 

¶ A total of 696 birds and 17 marine megafaunas were recorded. The most abundant 

species recorded in February was kittiwake with 284 observations. There were 13 

species groups were recorded in this survey, 11 bird groups and two marine 

megafauna groups. 
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Below (Table 1 - Table 2) are summary tables of the raw counts for all species recorded in the March 
2022 to February 2024 surveys; presented in four, three-month periods. 

Table 1 Number  of individual birds recorded in the Survey Area for between March 2022 and 
February 2024  grouped in three -month periods  

Species 

Number of individuals per quarter 

Year 1 DAS (2022-2023) Year 2 DAS (2023-2024) 

Total 
Breeding Non-breeding Breeding Non-breeding 

Q1 

Mar-May 

Q2 

Jun-Aug 

Q3 

Sep-Nov 

Q4 

Dec-Feb 

Q1 

Mar-May 

Q2 

Jun-Aug 

Q3 

Sep-Nov 

Q4 

Dec-Feb 

Greylag goose 0 26 0 0 0 0 0 0 26 

Swan species 0 0 0 1*  0 0 0 0 1 

Anser species 35 0 0 0 0 0 0 0 35 

Common eider 79 4 32 40 117 5 52 55 384 

Wigeon 0 6 0 0 0 0 0 0 6 

Black-tailed godwit 0 8 0 0 0 0 0 0 8 

Curlew 0 4 0 8 2 0 3 2 19 

Oystercatcher 0 0 0 2 5 1 0 1 9 

Wader species 0 17 2 0 0 4 5 0 28 

Rock dove 0 1 0 0 0 0 0 0 1 

Kittiwake 95 55 168 628 174 35 38 305 1,498 

Common gull 7 2 5 5 4 38 14 8 83 

Black-headed gull 0 0 1 0 0 4 1 0 6 

Small gull species 0 7 0 1 0 2 4 4 18 

Great black-backed gull 9 3 26 38 13 6 19 22 136 

Herring gull 16 23 16 11 6 6 18 41 137 

Lesser black-backed gull 0 2 0 0 0 0 0 0 2 

Large gull species 1 0 1 2 0 0 2 2 8 

Gull species 0 1 1 1 0 0 0 0 3 

Arctic tern 46 148 0 0 5 189 0 0 388 

Common tern 5 1 0 0 0 2 0 0 8 

Ψ/ƻƳƳƛŎϥ1 tern 7 45 1 0 0 49 0 0 102 

Tern species 0 1 0 0 0 0 0 0 1 

Great skua 3 1 1 0 0 0 0 0 5 

Arctic skua 0 0 0 0 0 0 1 0 1 

Guillemot 767 329 730 263 503 555 696 246 4,089 

Razorbill 634 151 108 54 71 415 202 131 1,766 

Guillemot / razorbill 296 120 328 53 50 78 90*  174 1,189 

Black guillemot 41 57 8 10 33 8 26 28 211 

Puffin 65 2,361 137 10 81 436 163 9 3,262 

Auk species 56 28 171 11 17 11 34 38 366 

Red-throated diver 3 1 5 4 3 8 6 7 37 
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Species 

Number of individuals per quarter 

Year 1 DAS (2022-2023) Year 2 DAS (2023-2024) 

Total 
Breeding Non-breeding Breeding Non-breeding 

Q1 

Mar-May 

Q2 

Jun-Aug 

Q3 

Sep-Nov 

Q4 

Dec-Feb 

Q1 

Mar-May 

Q2 

Jun-Aug 

Q3 

Sep-Nov 

Q4 

Dec-Feb 

Great northern diver 50 3 7 13 34 0 13 33 153 

Diver species 0 0 1 2 1 0 0 1 5 

European storm petrel 0 0 0 0 0 0 1 0 1 

Storm petrel species 0 1 17 0 0 1 2 0 21 

Fulmar 493 162 56 249 455 168 32 261 1,876 

Fulmar / gull species 0 0 3 1*  1 2 1 7 15 

Cory's shearwater 0 1 0 0 0 0 0 0 1 

Sooty shearwater 0 0 1 0 0 1 2 0 4 

Manx shearwater 4 404 29 0 0 57 1 0 495 

Small shearwater species 0 40 1 0 0 5 0 0 46 

Auk / shearwater species 20 203 17 0 6 73 2 0 321 

Gannet 203 350 133 21 89*  188 143*  12 1,139 

Cormorant 1 0 0 0 0 0 2 0 3 

Shag 51 11 109 0 20 0 0 1 192 

Cormorant / shag 24 78 9 38 9 19 30 37 244 

Passerine species 0 0 0 0 4 0 0 0 4 

Unidentified bird species 13 6 22 14 20*  7*  7 14 103 

Total 3,024 4,661 2,146 1,480 1,723 2,373 1,610 1,439 18,456 

1 Ψ/ƻƳƳƛŎΩ ǊŜŦŜǊǎ ǘƻ ŜƛǘƘŜǊ ŎƻƳƳƻƴ ƻǊ !ǊŎǘƛŎ ǘŜǊƴ 
*  Refers to the presence of deceased individual (s). For further details, see Table 10 
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Table 2 Number of individual  non -avian megafauna  recorded in the Survey Area for between 
March 2022 and February 2024  grouped in three -month periods  

Species 

Number of individuals per quarter 

Year 1 DAS (2022-2023) Year 2 DAS (2023-2024) 

Total 
Breeding Non-breeding Breeding Non-breeding 

Q1 

Mar-May 

Q2 

Jun-Aug 

Q3 

Sep-Nov 

Q4 

Dec-Feb 

Q1 

Mar-May 

Q2 

Jun-Aug 

Q3 

Sep-Nov 

Q4 

Dec-Feb 

Grey seal 4 19 9 8 74 1 6 6 127 

Common seal 8 0 0 0 5 2 1 0 16 

Seal species 3 4 15 5 21 3 28 5 84 

Minke whale 1*  0 0 0 0 1 0 0 2 

Bottlenose dolphin 0 1 0 0 0 0 0 0 1 

Common dolphin 9 0 29 8 0 7 20 34 107 

wƛǎǎƻΩǎ dolphin 5 11 0 0 0 2 0 0 18 

White-beaked dolphin 0 0 0 0 6 0 0 3 9 

Orca 0 0 0 7 0 0 0 0 7 

Dolphin species 2 0 0 0 0 0 18 0 20 

Harbour porpoise 16 4 4 37 17 14 3 58 153 

Dolphin / porpoise species 3 2 1 9 0 4 5 48 72 

Marine mammal species 2 0 1 0 0 0 0 1 4 

Blue shark 0 1 25 0 0 0 0 0 26 

Basking shark 0 0 0 0 0 1 0 0 1 

Ocean sunfish 0 0 1 0 0 1 0 0 2 

Atlantic bluefin tuna 0 0 0 0 0 0 1 0 1 

Fish species 0 9 0 0 0 0 0 0 9 

Leatherback turtle 0 0 0 0 0 0 1 0 1 

Unidentified marine 

organism 
0 0 0 0 0 0 0 1 1 

Total 53 51 85 74 123 36 83 156 661 

*  Refers to the presence of  deceased individual (s). For further details, see Table 10 
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1 Introduction 

APEM has been contracted by Spiorad na Mara Limited for the supply of a pre-application survey 
programme consisting of 24 monthly digital aerial surveys. The surveys commenced in March 2022 
and were completed in March 2024. Where a survey was delayed until the subsequent month, it has 
been considered as still representative of the planned survey month and referred to as such 
throughout ς the final survey which took place in March 2024, is still therefore referred to as the 
February 2024 survey. The main purpose of the programme was to provide baseline information on 
the distribution and abundance of seabirds and marine megafauna within Spiorad na Mara Array Area 
(161 km2) and a 10-kilometre (km) buffer (779 km2Τ ǊŜŦŜǊǊŜŘ ŎƻƭƭŜŎǘƛǾŜƭȅ ǘƻ ŀǎ ǘƘŜ Ψ{ǳǊǾŜȅ !ǊŜŀΩ ώфпл 
km2]) (Figure 1). These surveys will support the work required by Spiorad na Mara Limited to inform 
future Environmental Impact Assessment (EIA) and Habitats Regulations Assessment (HRA). 

The survey method was designed to optimise data collection for birds and marine mammal species. 
!t9aΩǎ ōŜǎǇƻƪŜ ŘƛƎƛǘŀƭ ǎǘƛƭƭ ŎŀƳŜǊŀ ǎȅǎǘŜƳ ǿŀǎ ŦƛǘǘŜŘ ƛƴǘƻ ŀ ǘǿƛƴ-engine aircraft. The survey design 
used 2.2 km spaced flight lines (Figure 1) to capture approximately 30% coverage of the sea surface, 
of which 10% was analysed in a grid-based survey design. The survey was flown at approximately 1,300 
feet (ft) (396 meters [m]) and captured a ground sampling distance (GSD) of 1.5 centimetres (cm). 
During the surveys, the camera system captured abutting still imagery along 19 survey lines at a speed 
of approximately 120 knots. 

 

Figure 1 Flight lines of the digital aerial still imagery of the Spiorad na Mara Array Area 
plus 10 km Buffer  

The Spiorad na Mara array area is set in an area approximately 5-13 kilometres off the west coast of 
the Isle of Lewis (Figure 1). 
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The proposed survey design for the study area utilised a design to capture data within the area of 
potential Development as well as a buffered area extending out to 10 km, exclusive of the onshore 
zone, where the 10 km Buffer overlaps with the land. It is necessary to capture information on the 
surrounding area of proposed Developments (the Buffer) as certain species exhibit displacement and 
disturbance behaviours (NatureScot, 2023a). It has been shown that species inhabiting nearshore 
environments, such as divers and sea ducks, are particularly sensitive to offshore Developments, 
including associated disturbance from boat and helicopter traffic (Marine Scotland Directorate, 2019; 
NatureScot, 2023b, c). For these species, a 10 km connectivity distance should be assumed; the 10 km 
buffer captured in these surveys ensures that this range is covered. 

Further information on the basic overview of the expected species assemblage that may be captured 
during the survey, can be found in the method statement provided by APEM (2023). Special Areas of 
Conservation (SAC) that feature non-ornithological species in proximity of the Spiorad na Mara 
Development include Loch Roag Lagoons (9 km), Lewis Peatlands (11 km south), Tràigh na Berie (12 
km), Langavat (19 km), Inner Hebrides and the Minches (28 km), and North Harris (31 km). 
Additionally, the Lewis Peatlands SAC boundary constitutes part of the greater Ramsar site of the same 
name, beginning at a minimum distance of 9 km from the Development. Special Protection Areas 
(SPAs) that feature ornithological species in proximity of the Spiorad na Mara Development include 
the Lewis Peatlands SPA (9 km), West Coast of the Outer Hebrides (32 km), Flannan Isles (33 km), Seas 
off St Kilda (47 km), Shiant Islands (52 km), North Rona and Sula Sgeir (70 km), and St Kilda (100 km). 
On the eastern coast of Lewis and Harris, the Northeast Lewis Marine Protected Area (MPA) is located 
at a minimum distance of 21 km from the Development. The extent of protected areas surrounding 
Spiorad na Mara Development can be seen in Figure 2. Note that for the purpose of this report, a 
radius of 100 km surrounding the Survey Area was considered to identify conservation areas in 
proximity of the Survey Area. It is recognised that displayed conservation areas do not reflect an 
exhaustive list of sites with connectivity to the Survey Area based on foraging ranges of expected 
species. Identification of all sites with potential connectivity to the Survey Area falls outside of the 
scope of this report and is generally undertaken for consent risk and HRA level reporting. Species of 
interest predicted to forage within or close to the survey area, based on the identified designated sites 
listed above, include: 

¶ Kittiwake 

¶ Great black-backed gull 

¶ Great skua 

¶ Guillemot 

¶ Razorbill 

¶ Puffin 

¶ Red-throated diver 

¶ Black-throated Diver 

¶ European Storm petrel 

¶ [ŜŀŎƘΩǎ {ǘƻǊƳ ǇŜǘǊŜƭ 

¶ Fulmar 

¶ Manx shearwater  

¶ Gannet 

¶ Harbour porpoise 

¶ wƛǎǎƻΩǎ ŘƻƭǇƘƛƴ 

¶ Harbour seal 

¶ Grey seal 

However, it is acknowledged that species designated to other protected areas not listed may also be 
present within the Survey Area during migration. 
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Figure 2 Location of Spiorad na Mara Array Area  and 10 km Buffer, designated protected 
areas and surrounding features of interest.  
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2 Survey and Analysis Methodologies 

2.1 Digital Aerial Survey Methods 

The methods and results presented in this report are from surveys of the Development plus a 10 km 
BǳŦŦŜǊ ǳǎƛƴƎ !t9aΩǎ ōŜǎǇƻƪŜ ŎŀƳŜǊŀ ǎȅǎǘŜƳ ǘƘŜ Ψ{ƘŜŀǊǿŀǘŜǊ L±Ω ŎǳǎǘƻƳƛǎŜŘ ōȅ ƛƴ-house specialists 
for surveying the offshore environment. The camera system was integrated with custom flight 
planning software that allowed each survey transect to be accurately mapped out before the aircraft 
left the ground. Each image capture node was precisely defined, allowing the system to trigger the 
camera at exactly the right location. This ensures each survey was flown with the same transect 
orientation and the camera was triggered at the same position along each transect within set 
ǘƻƭŜǊŀƴŎŜǎΦ !t9aΩǎ ǇƭŀƴƴƛƴƎ ǎȅǎǘŜƳǎ ŜƴŀōƭŜ ǎŜǘ ǘƻƭŜǊŀƴŎŜǎ ŀƭƻƴƎ ǎǳǊǾŜȅ ƭƛƴŜǎ ǿƘƛŎƘ ŀǳǘƻƳŀǘƛŎŀlly 
abort those that drift away from the planned flight line. 

5ǳǊƛƴƎ ŜŀŎƘ ǎǳǊǾŜȅΣ !t9aΩǎ ƻƴ-board camera technician continually monitored imagery as it was 
collected to ensure the data were fit for purpose. If weather conditions became unsuitable, the 
surveys were terminated and flown at a later, more suitable, date as seen with Survey 10 from 
December 2022, Survey 22 from December 2023, Survey 23 from January 2024, and Survey 24 from 
February 2024.  

Data captured comprises 1.5 cm GSD digital still images collected in a grid-based design using a Global 
Positioning System (GPS)-linked, bespoke flight management system to ensure the tracks are flown 
ǿƛǘƘ ŀ ƘƛƎƘ ŘŜƎǊŜŜ ƻŦ ŀŎŎǳǊŀŎȅΦ ¢ƘŜ ŀƛǊŎǊŀŦǘΩǎ ƛƴǘŜǊƴŀƭ Dt{ ŀƴŘ LƴŜǊǘƛŀƭ aŜŀǎǳǊŜƳŜnt Unit (IMU) 
systems record to an accuracy of +/- three to five metres (m) as standard. 

Imagery was captured in raw format and post-processed to ensure optimal quality for the subsequent 
stage of image analysis, to extract information on marine fauna or other notable occurrences. After 
the completion of surveys, the data were checked to ensure the number of lines and images was 
correct and ensure the quality of the imagery. 

In accordance with the APEM methodology, additional imagery was captured to serve as an alternative 
dataset for analysis, ensuring sufficient coverage in case the primary images were negatively affected. 
However, no additional imagery was required for the surveys presented here as the primary dataset 
met all the necessary criteria for analysis. 

The date(s), start, and end times are presented below in Table 3. 

Table 3 Date and start / end time (Coordinated Universal Time) for each flight for the March 
2022 to February 2024  surveys.  

Survey No. Date 
Start Time 

(HH:MM) 

End Time 

(HH:MM) 

1 26/03/2022 
09:19 14:10 

14:31 16:21 

2 15/04/2022 07:36 12:33 

3 15/05/2022 10:45 14:32 

4 01/06/2022 09:37 15:03 

5 21/07/2022 12:52 19:28 

6 26/08/2022 08:36 13:46 
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Survey No. Date 
Start Time 

(HH:MM) 

End Time 

(HH:MM) 

7 10/09/2022 08:19 14:47 

8 29/10/2022 07:59 12:32 

9 21/11/2022 09:47 15:17 

10 
03/01/2023 09:28 14:44 

04/01/2023 09:35 14:10 

11 13/02/2023 09:55 14:52 

12 24/02/2023 09:15 14:07 

13 23/03/2023 12:42 17:22 

14 15/04/2023 12:22 17:26 

15 02/05/2023 07:25 11:31 

16 09/06/2023 12:55 17:00 

17 14/07/2023 07:42 12:30 

18 09/08/2023 
07:58 
12:18 

11:22 
14:48 

19 07/09/2023 07:50 12:37 

20 17/10/2023 08:53 13:37 

21 12/11/2023 10:41 14:22 

22 05/01/2024 08:35 13:45 

23 14/02/2024 11:45 15:22 

24 03/03/2024 09:15 14:51 

Following rescheduling, weather conditions (Table 4) during all surveys were conducive to collecting 
and analysing imagery to provide data on the identification, distribution, and abundance of bird 
species and marine megafauna within the Survey Area. Favourable conditions for surveying were 
defined as a cloud base of >1,700 ft, visibility of >5 km, wind speed of <30 knots, and Douglas Scale 
Sea state of three (slight) or less. For safety reasons, no surveying took place in icing conditions. Poor 
weather prevented the initial surveys from four surveys from being completed in the scheduled 
month; these were subsequently concluded in the following month (Table 5). No health or safety 
issues were reported during the surveys. 

Measures were taken to minimise glint and glare such as avoiding surveying when the sun angle has 
the greatest potential to impact image quality. Additional imagery was also captured as part of the 
APEM methodology that could have been selected as an alternative dataset for analysis to ensure 
sufficient coverage should images be negatively affected. 

The number of images and coverage captured per survey are presented in Table 6. For all surveys, 
analysed capture exceeded the required 10%. 

Table 4 Weather conditions recorded for the March 2022  to February 2024  surveys.  

Survey No. Date 
Douglas Sea 

State1 
Turbidity2 

Wind Speed 
(knots) / Direction 

Cloud Cover 
(%)3 

Visibility 
(km) 

Air Temp 
(°C) 

1 26/03/2022 0 0-1 2-8 / NW, S, N 20-50 >10 7 
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Survey No. Date 
Douglas Sea 

State1 
Turbidity2 

Wind Speed 
(knots) / Direction 

Cloud Cover 
(%)3 

Visibility 
(km) 

Air Temp 
(°C) 

2 15/04/2022 2 0 10-15 / S 90-100 >10 12 

3 15/05/2022 1 2 5 / S 40 >10 9 

4 01/06/2022 1 1 8-10 / E 20 >10 9-10 

5 21/07/2022 1 2 4-7 / W-NNW 100 15-20 9-10 

6 26/08/2022 2 1 10 / WSW 60-65 >10 11 

7 10/09/2022 2 0 5 / S-SW 0-10 >10 13-15 

8 29/10/2022 0-1 1 7-16 / ESE 50-80 >10 10 

9 21/11/2022 2-3 2 27-30 / E 5-30 >10 5-6 

10 
03/01/2023 1 2 15 / NW 70-90 20 4-6 

04/01/2023 1 1 11 / W 70 >10 7 

11 13/02/2023 2-4 1-3 30 / S 40-100 >10 6 

12 24/02/2023 3 3 20-25 / NE 40-100 >10 4-5 

13 23/03/2023 3 0 14-21 / SW 0-100 >10 5 

14 15/04/2023 1-2 1 14-17 / S 30-70 >10 7-8 

15 02/05/2023 1 2 15-32 / E 70-95 >30 4 

16 09/06/2023 1 0 6-26 / NE 0-10 >10 11-13 

17 14/07/2023 1 1 14-31 / E 10-30 >10 10-11 

18 09/08/2023 2 1 8-13 / NE 80-95 >10 9 

19 07/09/2023 0-1 1 30-36 / NNE 30-90 >10 19 

20 17/10/2023 2 1 3-12 / ESE 10-60 >10 9-10 

21 12/11/2023 1-2 1 14-18/ E 5-10 >10 4 

22 05/01/2024 3-4 1-2 21-28 / W-WNW 40-90 5->10 4-6 

23 14/02/2024 0-2 0-1 6-10 / E-ENE 25-45 >10 5-6 

24 03/03/2024 1-2 1 15-20 / S 45-90 >10 5 
1 0 = Calm (Glassy), 1 = Calm (Rippled), 2 = Smooth, 3 = Slightly Moderate, 4 = Moderate 

2 0 = Clear, 1 = Slightly Turbid, 2 = Moderately Turbid, 3 = Highly Turbid 
3 0 = Clear, 1-10 = Few, 11-50 = Scattered, 51-95 = Broken, 96-100 = Overcast 

Table 5 Surveys flown in subsequent month due to poor weather.  

Survey No. Scheduled Month Date Flown 

10 December 2022 3rd & 4th January 2023 

22 December 2023 5th January 2024 

23 January 2024 14th February 2024 

24 February 2024 3rd March 2024 

Table 6 Number of images and  analysed  survey coverage for each monthly survey  

Survey No. No. of Images 
Analysed Coverage 

(%) 

1 3,063 11.66 

2 3,015 11.52 

3 3,027 11.65 

4 3,024 11.80 

5 3,050 11.67 

6 3,024 11.64 

7 3,018 11.65 
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Survey No. No. of Images 
Analysed Coverage 

(%) 

8 3,021 11.44 

9 3,030 11.58 

10 3,030 11.50 

11 3,021 11.64 

12 3,029 11.73 

13 3,030 11.65 

14 3,021 11.50 

15 3,030 11.57 

16 3,006 11.30 

17 3,030 11.52 

18 3,024 11.67 

19 3,030 11.66 

20 3,030 11.56 

21 3,030 11.46 

22 3,030 11.61 

23 3,027 11.44 

24 3,030 11.73 

 

2.2 Species Identification 

The images were analysed to enumerate birds and marine mammals to species level where possible. 
¢ŀǊƎŜǘǎ ƛŘŜƴǘƛŦƛŜŘ ŦǊƻƳ ǘƘŜ ƛƳŀƎŜǎ ǿŜǊŜ ΨǎƴŀƎƎŜŘΩ όƛΦŜΦΣ ƭƻŎŀǘŜŘ ǿƛǘƘƛƴ ǘƘŜ ƛƳŀƎŜǎύ ŀƴŘ ŎŀǘŜƎƻǊƛǎŜŘΦ 
Scientific names and taxonomy of birds and marine megafauna are provided in Appendix I Scientific 
Names and Taxonomy, with JNCC Species Group Codes provided in Appendix II JNCC Species and Taxa 
Grouping Level Codes of Seabirds and Marine Megafauna. 

There were occasions when it was not possible to identify an individual in the digital aerial survey 
imagery to the species level and the individual was therefore identified as belonging to a higher-level 
taxonomic group όŜΦƎΦΣ ΨǎƳŀƭƭ Ǝǳƭƭ ǎǇŜŎƛŜǎΩ ƻǊ ΨŘƻƭǇƘƛƴ κ ǇƻǊǇƻƛǎŜ ǎǇŜŎƛŜǎΩύ. The possible groups and the 
individual species attributed to them are listed in Table 7 for birds and Table 8 for marine mammals 
and other marine megafauna. 

Note: Whilst some species groups have been included for clarity as part of the broader group levels 
(i.e., tern species), they were not recorded in the surveys. Likewise, whilst common terns form 
ǇŀǊǘ ƻŦ ǘƘŜ ΨŎƻƳƳƛŎΩ ǘŜǊƴ ŘŜǎƛƎƴŀǘƛƻƴΣ ƴƻ ŎƻƳƳƻƴ ǘŜǊƴǎ ǿŜǊŜ ǊŜŎƻǊded. Some designations 
(e.g., small gull species) are not exhaustive and only include species recorded for this report. 

Note: {ƻƻǘȅ ǎƘŜŀǊǿŀǘŜǊǎ ƘŀǾŜ ōŜŜƴ ŎŀǘŜƎƻǊƛǎŜŘ ŀǎ ΨǎƳŀƭƭ ǎƘŜŀǊǿŀǘŜǊ ǎǇŜŎƛŜǎΩ ŘŜǎǇƛǘŜ ōŜƛƴƎ 
recognised as a medium to large shearwater. This is because they are more readily confused 
with the smaller shearwaters in aerial imagery, particularly in poor image quality and in the 
outer parts of the footprint. 

Table 7 Avian species included within óunidentifiedô groups for the March 2022  to February 
2024 survey period . 

Species Group Level 1 Group Level 2 Group Level 3 Group Level 4 

Greylag goose Anser species 
Wildfowl 

Unidentified bird 
species Common eider Duck species 
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Species Group Level 1 Group Level 2 Group Level 3 Group Level 4 

Wigeon 

Black-tailed godwit 

Wader species Curlew 

Oystercatcher 

Kittiwake 

Small gull species 

Gull species 

Common gull 

Black-headed gull 

Great black-backed gull Black-backed gull 
species 

Large gull species 
Lesser black-backed gull 

Herring gull   

Common tern 
Ψ/ƻƳƳƛŎΩ ǘŜǊƴ Tern species 

Arctic tern 

Great skua 
Skua species 

Arctic skua 

European storm petrel 
Storm petrel species 

[ŜŀŎƘΩǎ ǎǘƻǊƳ ǇŜǘǊŜƭ 

Guillemot 
Guillemot and / 

or Razorbill 

 

Auk species  
Razorbill 

Black guillemot 
  

Puffin 

/ƻǊȅΩǎ ǎƘŜŀǊǿŀǘŜǊ Large shearwater 
species Shearwater 

species 
Auk / shearwater 

species 

Great shearwater 

Sooty shearwater Small shearwater 
species Manx shearwater 

Red-throated diver 
Diver species 

Great northern diver 

Fulmar Fulmar / gull species 

Gannet  

Cormorant 
Cormorant / shag 

Shag 

Table 8 Marine mammal  and other marine megafauna  species included within óunidentifiedô 
groups for the March 2022  to February 2024  survey period.  

Species Group Level 1 Group Level 2 Group Level 3 Group Level 4 

Grey seal 
Seal species 

Marine mammal 
species 

Unidentified 
marine organism 

Common seal 

Common minke whale Whale species 

Bottlenose dolphin 

Dolphin species Dolphin / 
porpoise species 

Common dolphin 

wƛǎǎƻΩǎ ŘƻƭǇƘƛƴ 

Orca 

Harbour porpoise  

Ocean sunfish 
Fish species 

Atlantic bluefin tuna 

Blue shark Shark species 
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Basking shark 

Leatherback turtle Turtle species 
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2.3 Summary of Quality Assurance 

!t9aΩǎ ǎŜƴƛƻǊ ƛƳŀƎŜ ŀƴŀƭȅǎǘǎ ƘŀǾŜ ŀǘ ƭŜŀǎǘ ŦƛǾŜ ȅŜŀǊǎΩ Ŧǳƭƭ-time experience identifying birds and marine 
ƳŀƳƳŀƭǎ ǘƻ ǎǇŜŎƛŜǎ ƭŜǾŜƭΦ ¢ƘŜȅ ǊŜŎŜƛǾŜ ƻƴƎƻƛƴƎ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ǘǊŀƛƴƛƴƎ ŦǊƻƳ !t9aΩǎ ǉǳŀƭƛǘȅ ŀǎǎǳǊŀƴŎŜ 
(QA) manager and access to our regularly updated-in-house Image Archive Library. Images were 
viewed by a minimum of two members of staff as part of a comprehensive internal QA process. 

2.4 Species Abundance Estimates 

Statistically robust, design-based population estimates were calculated for all birds identified in the 
Spiorad na Mara Survey Area. For each monthly digital aerial survey of the Survey Area, geo-
referenced locations of birds, marine mammals and other marine megafauna contained within each 
individual digital still image were used to generate raw counts. Marine fauna locations contained 
within the boundaries of the Survey Area were then extracted using GIS, providing raw count data. 
Please note that deceased individuals were excluded from the abundance and density estimate 
ŎŀƭŎǳƭŀǘƛƻƴǎ ōŜŎŀǳǎŜ ǘƘŜ ŀƛƳ ƛǎ ǘƻ ŀǎǎŜǎǎ ǎǇŜŎƛŜǎΩ ǇƻǇǳƭŀǘƛƻƴǎ ƛƴ ǘƘŜ {ǳǊǾŜȅ !ǊŜŀ ŀǘ ǘƘŜ ǘƛƳŜ ƻŦ 
surveying, at which time a deceased individual would no longer form part of the population. As a 
result, raw counts henceforth may not reflect those reported in monthly reports. 

These raw counts were divided by the number of images collected to give the mean number of animals 
per image (i). Population estimates (N) for each survey month were subsequently generated by 
multiplying the mean number of animals per image by the total number of images required to cover 
the Survey Area (A): 

N = i A 

Non-parametric bootstrap methods were used for variance estimation. A variability statistic was 
generated by re-sampling 999 times with replacement from the raw count data because it is 
recommended that a value between 400 and 1,000 is used for distance sampling when estimating 
abundance of biological populations (Buckland et al, 1993). The statistic was evaluated from each of 
these 999 bootstrap samples and upper and lower 95% confidence intervals of these taken as the 
variability of the statistic over the population (Efron and Tibshirani, 1993). 

A measure of precision was calculated using a Poisson estimator, suitable for a pseudo-Poisson over-
dispersed distribution. This produced a CV (coefficient of variation) based on the relationship of the 
standard error to the mean (Thomas et al.Σ нлмлύΦ ! ǘŀǊƎŜǘ ǇǊŜŎƛǎƛƻƴ ƻŦ Җ лΦмс ŀƭƭƻǿǎ ǘƘŜ ŘŜǘŜŎǘƛƻƴ ƻŦ 
a population change of a factor as small as 2 (Bohlin, 1990). ²Ŝ ŘƛŘƴΩǘ ŜȄŎƭǳŘŜ Řŀǘŀ ǿƛǘƘ ƭƻǿ ǎƛƎƘǘƛƴƎ 
numbers for the calculations, therefore lower confidence can be expected with a low number of 
individuals. 

All analyses and data manipulation were conducted in the R programming language (R Development 
Core Team, 2024) and non-ǇŀǊŀƳŜǘǊƛŎ фр҈ ŎƻƴŦƛŘŜƴŎŜ ƛƴǘŜǊǾŀƭǎ ǿŜǊŜ ƎŜƴŜǊŀǘŜŘ ǳǎƛƴƎ ǘƘŜ ΨōƻƻǘΩ 
library of function (Canty and Ripley, 2010). This resulted in species-specific monthly abundance 
estimates being calculated from the raw count data, with upper and lower confidence limits. Where 
appropriate, a level of precision is also presented in this report for each monthly abundance estimate. 
Dividing the monthly abundance estimates by the size of the area covered (Survey Area, Spiorad na 
Mara Array Area, or Buffer) calculates the associated density (e.g., animals per km2) for any given 
species. 
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tƭŜŀǎŜ ƴƻǘŜ ǘƘŀǘ ŦƻǊ ǎǇŜŎƛŜǎ ŀōǳƴŘŀƴŎŜ ŀƴŘ ŘŜƴǎƛǘȅ ŜǎǘƛƳŀǘŜǎΣ Ǌŀǿ Ŏƻǳƴǘǎ ŀǊŜ ΨŎƭƛǇǇŜŘΩ ǘƻ ǘƘŜ {ǳǊǾŜȅ 
Area, so observations made outside the area are excluded. Therefore, raw counts may not necessarily 
reflect those reported in monthly survey reports comprising species outside the Buffer boundary when 
an analysed image has captured such an area. 

2.5 Attribution and Apportionment of Unidentified Individuals 

APEM identify individuals to species level when there is a high level of confidence. The majority of 

individuals recorded during the surveys were identified to species level; however, on occasion, we do 

not have sufficient visual data to identify to species level. In these instances, where possible, 

individuals are identified to group level only. 

For example, when analysing an image containing a group of guillemots and razorbills sitting 

interspersed amongst one another, there may be some difficulty differentiating between the two 

species for some of the individuals present. On these occasions, they would be recorded as guillemot 

/  razorbill. 

To account for individuals identified to group level only, apportionment is used to estimate, 
proportionally, the quantities of specific species contained within the group-level species recorded, 
per monthly survey. For this annual report, apportioning is calculated using the 24 months of 
abundance estimate data available. Following the same methodology, confidence limits were also 
apportioned. 

For example, if a survey month had мл ΨǎƳŀƭƭ Ǝǳƭƭ ǎǇŜŎƛŜǎΩ recorded (group-level), we would use the 

proportions of any small gulls identified to species level within the same month to calculate how many 

ƻŦ ǘƘŜ ΨǎƳŀƭƭ Ǝǳƭƭ ǎǇŜŎƛŜǎΩ ǊŜŎƻǊŘŜŘ ŀǊŜ ǘƘƻǎŜ ǎǇŜŎƛŦƛŎ ǎǇŜŎƛŜǎΦ LŦ ǘƘŜ ǎŀƳŜ ǎǳǊǾŜȅ ƳƻƴǘƘ ŎƻƴǘŀƛƴŜŘ 20 

kittiwakes and 20 common gulls, we would estimate proportionally that the 10 ΨǎƳŀƭƭ Ǝǳƭƭ ǎǇŜŎƛŜǎΩ 

recorded is likely to consist of five kittiwakes and five common gulls. 

The apportioned individuals are added to the original abundance estimates to give an apportioned 
total (for the above example, the apportioned totals would be 25 kittiwakes and 25 common gulls). 

As the abundance estimates are divided into Survey Area (Spiorad na Mara Array Area + Buffer), 

Spiorad na Mara Array Area, and Buffer only, the apportionment is also calculated for each area 

separately. 

For the 24 months of surveys, the individuals identified to group level contained within the dataset 

were: 

Seabirds: 

¶ Anser species 

¶ Wader species 

¶ Small gull species 

¶ Large gull species 

¶ Unidentified gull species  

¶ Ψ/ƻƳƳƛŎΩ ǘŜǊƴ 
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¶ Tern species 

¶ Guillemot / razorbill 

¶ Auk species 

¶ Diver species 

¶ Storm petrel species 

¶ Fulmar / gull species 

¶ Small shearwater species 

¶ Auk / shearwater species  

¶ Cormorant / shag 

¶ Passerine species 

¶ Unidentified bird species  

Marine megafauna: 

¶ Seal species 

¶ Dolphin species  

¶ Dolphin / porpoise 

¶ Marine mammal species  

¶ Fish species  

¶ Unidentified marine organism 

Where no species-specific identification for common tern and Arctic tern is possible (size and plumage 

ŦŜŀǘǳǊŜǎ ŀǊŜ ǎƻ ǎƛƳƛƭŀǊ ǘƘŀǘ ƛǘ ƛǎ ƻŦǘŜƴ ŘƛŦŦƛŎǳƭǘ ǘƻ ǎŜǇŀǊŀǘŜ ǘƘŜƳύΣ ǘƘŜȅ ǊŜƳŀƛƴ ƛƴ ǘƘŜ Řŀǘŀ ŀǎ ΨŎƻƳƳƛŎΩ 

tern. Similarly, where no species-specific identification for storm petrel species is possible (again, size 

ŀƴŘ ǇƭǳƳŀƎŜ ŦŜŀǘǳǊŜǎ ŀǊŜ ǎƻ ǎƛƳƛƭŀǊ ƛǘ ƛǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ǎŜǇŀǊŀǘŜ ǘƘŜƳύΣ ǘƘŜȅ ǊŜƳŀƛƴ ƛƴ ǘƘŜ Řŀǘŀ ŀǎ ΨǎǘƻǊƳ 

ǇŜǘǊŜƭ ǎǇŜŎƛŜǎΩ ŀƴŘ ŀǇǇƻǊǘƛƻƴƳŜƴǘ ŘƻŜǎ ƴƻǘ ŀǇǇƭȅΦ !ǎ ŀ ǿƛŘŜ-ranging group, unidentified bird species 

(0.56% of the total of birds recorded across both years in the Survey Area) do not undergo 

apportionment. Similarly, passerine species and fish species do not undergo apportionment. 

Where available, the abundance estimates of species-specific individuals within the same survey 

month and the same area are used to apportion the group level species (step 1). Where the survey 

month being apportioned does not contain any specific species within the group-level species, a 

hierarchy is used to obtain the most relevant data available for apportionment. The hierarchy is in 

order of relevance, step 1 being used first and then moving onto step 2 if step 1 data is not available, 

and so on until data is obtained. The apportioning hierarchy is as follows: 

Step 1:  Same month, same year, same areaϞ 
Step 2:  Same month, same year, Survey Area 
Step 3: Same month, same year, Survey Area, different behaviour (use for sitting / diving only) 
Step 4:  Same (bio-)season, same year, same areaϞ 

Step 5: Same (bio-)season, same year, Survey Area 
Step 6:  Same month, different year, same areaϞ 

Step 7: Same month, different year, Survey Area 
Step 8: Same month, different year, Survey Area, different behaviour (use for sitting / diving only) 
Step 9: Same (bio-)season, different year, same areaϞ 
Step 10: Same (bio-)season, different year, Survey Area 

ϞArea refers to the abundance estimates calculated for the specific area being apportioned. This will either be the Spiorad na 
Mara array area or Buffer only). 
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All individuals from the following group levels were apportioned to a specific species: small gull 

species, large gull species, gull species, tern species, fulmar / gull species, guillemot / razorbills, auk 

species, auk / shearwater species, small shearwater species, diver species, cormorant / shag, seal 

species, dolphin species, dolphin / porpoise species and marine mammal species. 

Despite the multifaceted process of apportionment, there were a few instances where it was not 

possible to assign unidentified individuals recorded during a month to a species, as there were no 

positively identified species in the same month or season where group level identified individuals had 

been recorded. These were: 

¶ Anser species from March 2022 because no other Anser species were identified to species 
level during the survey or the relevant bio-season; 

¶ Cormorant / shag from October and November 2022, and January, October and November 
2023, and January 2024 because there were no other flying cormorant / shags were identified 
to species level during the survey or the relevant bio-season;  

Apportioned abundance estimates per species with their confidence limits and density estimates can 

be found in Section 3 Species Accounts. Apportioned abundance estimates and densities with 

behaviours for all species, as well as standard deviations for flying birds, can be found in Appendix III 

Raw Data Abundance and Density. 
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2.6 Availability Bias 

For auk species such as guillemot, razorbill and puffin which make foraging dives underwater, a 

proportion will not be detectable at the surface during analysis of survey images. As a result, density 

and abundance estimates need to be adjusted to allow for ǘƘƛǎ ΨŀǾŀƛƭŀōƛƭƛǘȅ ōƛŀǎΩΦ ! ǎǇŜŎƛŜǎ-specific 

correction factor was applied to the number of each auk species recorded on the sea surface. 

The correction factor applied to each relevant auk species is based on that recommended by Joint 

Nature Conservation Committee (JNCC) in a submission during the examination phase of the East 

Anglia ONE offshore wind farm, referred to by JNCC as Method C (JNCC, 2013). This applies a 

correction factor based on aerial surveys recording 76% of sitting guillemots and 83% of sitting 

razorbills, which suggests that 24% and 17% respectively of these species will be underwater when 

aerial imagery is captured. TherefƻǊŜΣ ǘƻ ŎƻǊǊŜŎǘ ŦƻǊ ŀǾŀƛƭŀōƛƭƛǘȅ ōƛŀǎ ǘƘŜ ΨǳƴŀǾŀƛƭŀōƭŜΩ ōƛǊŘǎ ŀǊŜ ŀŘŘŜŘ 

to the bird totals monthly to create revised population estimates. The correction factors applied to 

the relative abundance estimate of guillemot, razorbill and puffin sitting on the sea surface are 1.311, 

мΦнмм ŀƴŘ мΦмсрΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ ΨŎƻǊǊŜŎǘŜŘΩ ŀōǳƴŘŀƴŎŜ ŜǎǘƛƳŀǘŜǎ ŦƻǊ ƎǳƛƭƭŜƳƻǘǎ ŀƴŘ ǊŀȊƻǊōƛƭƭǎ ŀǊŜ 

presented in the relevant sections later in this report. 

Aerial imagery can capture individual megafauna at the sea surface as well as beneath the surface. 

The depth to which megafauna can be detected is dependent on water turbidity, but may extend up 

to 10 metres into the water column in clear water. Therefore, correction factors are applied to account 

for the expected presence of individuals too deep to detect. For harbour porpoise, the seasonal 

correction factors from Voet et al., (2017) were applied to the total monthly abundance estimates 

(submerged and surfacing). The correction factors consider the probability of harbour porpoise being 

within the upper 2 m of the water column and therefore assumed to be detected by the aerial surveys 

(Teilmann et al., 2013). The correction factors applied to the relative abundance estimates of harbour 

porpoise in spring (March to May), summer (June to August), autumn (September to November), and 

ǿƛƴǘŜǊ ό5ŜŎŜƳōŜǊ ǘƻ CŜōǊǳŀǊȅύ ŀǊŜ мΦтрмΣ мΦунуΣ нΦмфу ŀƴŘ нΦммфΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ ΨŎƻǊǊŜŎǘŜŘΩ 

abundance estimates for harbour porpoise are presented in the relevant section later in this report. 

Average time spent at the water surface is not as well studied for other marine mammal species as it 

is for harbour porpoise, and although some information does exist, it is limited as the proportion of 

time spent at depth is not well understood (e.g., grey seal, harbour seal, white-beaked dolphin, 

bottlenose dolphin and Atlantic white-sided dolphin; see Voet et al., 2017). Due to such limited 

information and the fact that correction factors are only applicable at the species level, the abundance 

estimates ŦƻǊ ΨŘƻƭǇƘƛƴ ǎǇŜŎƛŜǎΩ ŀƴŘ ΨǎŜŀƭ ǎǇŜŎƛŜǎΩ ƎǊƻǳǇƛƴƎǎ ǿŜǊŜ ƴƻǘ ŎƻǊǊŜŎǘŜŘ ŦƻǊ ŀǾŀƛƭŀōƛƭƛǘȅ ōƛŀǎ 

despite recording both seals and dolphins to species level. 

2.7 Species Seasonality and Distribution 

Bird behaviour and abundance are recognised to differ across a calendar year dependent upon the 

season, therefore the populations of seabirds with potential to be within the vicinity of the Spiorad na 

Mara Survey Area are likely to change between seasons. Separate seasons are recognised in this report 

to establish the level of importance any seabird species has within the Spiorad na Mara Survey Area 
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during any particular period. The species seasonality presented below are referred to in the discussion 

ƛƴ ƻǊŘŜǊ ǘƻ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘ ǎǇŜŎƛŜǎ ŘƛǎǘǊƛōǳǘƛƻƴ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǘƘŜ ǎǇŜŎƛŜǎΩ ŀƴƴǳŀƭ ŎȅŎƭŜΦ Bio-seasons 

used within this report are based on those in NatureScot (2020a): 

¶ Breeding season: Strong association with nest site (includes nesting, egg-laying and feeding 

young). 

¶ Non-breeding season: Wider dispersion and no strong association with colonies (includes the 

ǎƘƻǊǘ άōǊŜŜŘƛƴƎ ǎƛǘŜ ŀǘǘŜƴŘŀƴŎŜέ ǎŜŀǎƻƴ ǇǊƛƻǊ ǘƻ ōǊŜŜŘƛƴƎ ŀƴŘ ŀƭƭ ƻǘƘŜǊ ǎŜŀǎƻƴǎ ŀǎ ŘŜŦƛƴŜŘ ƛƴ 

NatureScot, 2020a). 

Note that non-breeding season apportioning (see Section 2.5 for details) is dependent on information 

within biologically defined minimum population scales (BDMPS) as defined in Furness (2015). Hence, 

these BDMPS are considered for bio-seasons where applicable. Where BDMPS overlap with breeding 

seasons as defined in NatureScot (2020a), Furness BDMPS bio-seasons were shortened to allow 

retention of the more recently provided breeding season data of NatureScot. Resulting bio-seasons 

for encountered species are summarised in Table 9.
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Table 9  Bio -season data for bird species captured during the Spiorad na Mara  Survey Area surveys between March 202 2 to February 202 4 

Species Bio-season Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Anser species n.a. 

Greylag goose Non-breeding  
                        

Common eider Breeding                   

Non-breeding                   

Wigeon n.a. 

Black-tailed godwit n.a. 

Curlew n.a. 

Oystercatcher n.a. 

Wader species n.a. 

Rock dove n.a. 

Kittiwake Breeding                         

Spring migration                        
Autumn 
migration                          

Common gull Breeding                   

Non-breeding                   

Black-headed gull Breeding                          

Non-breeding                              

Unidentified small gull* Breeding                        

Non-breeding                                

Great black-backed gull Breeding                          

Non-breeding                              

Herring gull Breeding                          

Non-breeding                              

Lesser black-backed gull Breeding                   

Spring migration                   
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Species Bio-season Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Autumn 
migration                   

Winter                   

Arctic tern Breeding                        

Spring migration                     
Autumn 
migration                    

Common tern Breeding                         

Spring migration                     
ΨCommic' tern*,**  Breeding                        

Spring migration                     
Autumn 
migration                    

Great skua Breeding                          

Spring migration                      
Autumn 
migration                      

Winter                        

Arctic skua Breeding                        

Spring migration                     

Autumn 
migration            

        
   

Guillemot Breeding                         

Non-breeding                               

Razorbill Breeding                         

Spring migration                       
Autumn 
migration                        

Winter                      

Guillemot / razorbill* Breeding                         
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Species Bio-season Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Non-breeding                               

Black guillemot Breeding                          

Non-breeding                              

Puffin Breeding                         

Non-breeding                               

Auk species* Breeding                         

Non-breeding                               

Red-throated diver Breeding                         

Spring migration                        
Autumn 
migration                        

Winter                     

Great northern diver Breeding n.a. 

Non-breeding                                

Diver species*  Breeding                        

Spring migration                        

Autumn 
migration            

            
 

Winter                   

European storm petrel Breeding                             

Non-breeding                    

Storm petrel species* Breeding                            
Fulmar Breeding                           

Spring migration                        

Autumn 
migration                      

Winter                     
Fulmar / gull species* Breeding                           

Non-breeding                             
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Species Bio-season Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

/ƻǊȅΩǎ ǎƘŜŀǊǿŀǘŜǊ Breeding                     

Spring migration                       

Autumn 
migration          

          
    

Sooty shearwater Breeding                     

Spring migration                       

Autumn 
migration          

          
    

Manx shearwater Breeding                             

Spring migration                     
Small shearwater 
species* 

Breeding                             

Non-breeding                           

Auk / shearwater 
species* 

Breeding                           

Non-breeding                             

Gannet Breeding                             

Spring migration                       

Autumn 
migration                       

Cormorant Breeding                               

Non-breeding                            

Shag Breeding                              

Non-breeding                          

Cormorant / shag* Breeding                               

Non-breeding                            

Passerine species* n.a. 

Unidentified bird species n.a. 
* These species were not included in NatureScot (2020a) and Furness (2015) and a similar species seasonality was used. 
ϝϝ Ψ/ƻƳƳƛŎΩ tern refers to Arctic / common tern. 
Note: Yellow boxes represent the breeding seasons, whereas the green boxes represent all other seasons (i.e. non-breeding, spring migration, autumn migration and winter). 
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For consistency, marine mammal abundance and density have been summarised in a similar way using 
the seasonal definition according to the correction factors (Voet et al., 2017): 

¶ Winter: December-February 

¶ Spring: March-May 

¶ Summer: June-August 

¶ Autumn: September-November 

Each species recorded during the surveys was geo-referenced, enabling those locations to be related 
to the boundary of the Survey Area. Maps were produced by species, by month although the above 
bio-seasons were used in discussion in order to better understand species distribution in relation to 
ǘƘŜ ǎǇŜŎƛŜǎΩ ŀƴƴǳŀƭ ŎȅŎƭŜΦ 

2.8 Species Distribution Maps 

Every animal recorded during the surveys was geo-referenced, allowing the locations to be related to 
the boundary of the Survey Area. Monthly distribution maps were produced for each species using 
QGIS (version 3.18) by representing locations of individuals as symbols on one map per monthly 
survey. Symbols were determined by the species group, with a relevant icon and a unique colour 
assigned on a per species basis allowing for differentiation between species that use the same icon. 
Monthly distribution maps are presented in Section 3 presented in six-month periods (March ς 
September and October- February). Distribution maps for individual species recorded in each month 
during the survey period can be found in Appendix IV Distribution Maps. Please note that maps do not 
include apportioned individuals as it is not possible to robustly apportion unidentified species spatially 
outside of a modelling framework. 

2.9 Species Flight Direction Rose Diagrams 

The flight direction of birds recorded was ascertained from all digital still images. Bearings of bird flight 
directions for months where more than three individuals were in flight were plotted using the R 
statistical program (R Development Core Team, 2021) to summarise directional data using mean 
angles and vectors. A Rayleigh test, which assumes a null hypothesis of uniform distribution across all 
directions, was used. A significant result from this test indicates an observed pattern in the movement 
direction of the birds based on the collected data. The blue triangles show the frequency of birds 
captured flying with the same vector (heading). The red circle represents the critical value of the 
Rayleigh test of uniformity. The red arrow placement represents the mean vector, and the length of 
the arrow denotes how the vectors are clustered around the mean vector (longer arrows indicate the 
data are clustered more closely around the mean). Directionality of movement is significant if the red 
arrow extends beyond the circle. 

2.10 Avian Flight Heights 

Bird flight height was estimated from the digital still images. All median flight heights per species have 
been presented in Figure 210. It was determined using bespoke APEM software that applies a set of 
rules developed in-house, using trigonometry and other mathematics, to provide an estimate of flight 
height. This method is dependent upon image quality, size of the bird species and the size of the bird 
relative to the image. It is not possible to accurately estimate flight heights for birds that are diving or 
turning sharply, as these individuals are not fully stretched out and therefore their measured lengths 
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are not comparable to the reference length of the relevant species. These individuals were deemed 
unsuitable for flight height analysis. 

A boxplot (Figure 210, Section 4) was produced to show flight heights per species, where possible, by 
combining the suitable data collected from twenty four surveys. Species with five or more flight 
heights have been presented. It is important to note that this relies on comparing a standard reference 
length from literature to the length of the bird in the imagery. Therefore, the outputs may be 
influenced by factors such as discrepancies in bird length, for example a larger than average individual, 
and how the bird was captured in the image, for example head down, leading to outliers within the 
data. In addition, as flight height calculations rely upon known species lengths, the results presented 
in Section 4 are based on unapportioned flight height data. 
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3 Species Accounts 

The following species accounts present apportioned and corrected (where applicable) design-based 
abundance estimates and lower and upper confidence limits (LCL and UCL respectively), as well as 
density estimates for total behaviours. Apportioned abundance estimates, LCL, UCL and densities for 
each behaviour (sitting, flying, and diving for seabirds; and submerged, surfacing and hauled out for 
marine mammals) can be found in Appendix III Raw Data Abundance and Density. The density 
estimates provide the number of individuals per square kilometre (km2). The abundance estimates for 
each of the three areas (Spiorad na Mara Array Area, the 10 km Buffer, and the total Survey Area) are 
likely to differ due to the abundance estimates being calculated independently based on the numbers 
of recorded targets per location and the area covered.  

Between March 2022 and March 2024, 35 individuals were recorded as deceased (Table 10). No 
further analysis was carried out on these. 

Table 10 Deceased animals recorded during the survey period (March 2022 to February  2024) 

Survey No. Survey Month Species Total 

02 April 2022 Common dolphin 1 

03 May 2022 Minke Whale 1 

03 May 2022 Gannet 1 

04 June 2022 Gannet 1 

05 July 2022 Guillemot / razorbill 1 

05 July 2022 Gannet 7 

06 August 2022 Fulmar 1 

06 August 2022 Gannet 10 

07 September 2022 Gannet 2 

07 September 2022 Unidentified bird species 2 

10 December 2022 Swan species 1 

12 February 2023 Fulmar / gull species 1 

15 May 2023 Gannet 2 

15 May 2023 Unidentified bird species 1 

17 July 2023 Unidentified bird species 1 

19 September 2023 Gannet 1 

20 October 2023 Guillemot / razorbill 1 

Total 35 
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3.1 Seabirds 

3.1.1 Anser species ς Unidentified 

Anser species were recorded in March (breeding season), with 35 individuals recorded sitting on the 
sea surface, resulting in an abundance estimate of 300 [95% Cl: 35, 900] within the Survey Area 
equating to 0.31 birds/km2 (Table 11).  

All birds were in close proximity to each other and found in the east of Spiorad na Mara Array Area 
(Figure 3). 

Table 11 Raw counts, abundance, and density estimates (bird s per km 2) of Anser species in a) 
Survey Area b) Spiorad na Mara Array Area and c) 10 km Buffer  

 

 

ŀύ {ǳǊǾŜȅ !ǊŜŀ 

aƻƴǘƘ wŀǿ /ƻǳƴǘ 

¢ƻǘŀƭ ǳƴŀǇǇƻǊǘƛƻƴŜŘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

tǊŜŎƛǎƛƻƴ 

ό/±ύ 

5Ŝƴǎƛǘȅ όōƛǊŘǎ 

ƪƳπнύ 

Mar-22 35 300 35 900 0.17 0.31 

ōύ {ǇƛƻǊŀŘ ƴŀ aŀǊŀ !ǊǊŀȅ !ǊŜŀ 

aƻƴǘƘ wŀǿ /ƻǳƴǘ 
¢ƻǘŀƭ ǳƴŀǇǇƻǊǘƛƻƴŜŘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

tǊŜŎƛǎƛƻƴ 

ό/±ύ 

5Ŝƴǎƛǘȅ όōƛǊŘǎ 

ƪƳπнύ 

aŀǊπнн 35 318 35 954 0.17 1.97 

Ŏύ мл ƪƳ .ǳŦŦŜǊ 

aƻƴǘƘ wŀǿ /ƻǳƴǘ 

¢ƻǘŀƭ ǳƴŀǇǇƻǊǘƛƻƴŜŘ 

!ōǳƴŘŀƴŎŜ 
9ǎǘƛƳŀǘŜ 

[/[ ¦/[ 
tǊŜŎƛǎƛƻƴ 
ό/±ύ 

5Ŝƴǎƛǘȅ όōƛǊŘǎ 
ƪƳπнύ 

None recorded. 
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Figure 3 Distribution of Anser species  in  the Survey Area during March 2022  

Note: Individuals in close proximity may appear overlapping
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3.1.2 Greylag goose ς Anser anser 

Greylag geese were recorded in June 2022, during the breeding season, with an estimate of 220 [95% 
CL: 26, 661] within the Survey Area equating to 0.23 birds/km2 (Table 12). All geese were recorded 
flying in the east of the 10 km Buffer (Figure 4). Significant flight direction for greylag geese was 
recorded in a west-northwest direction (Figure 5a). 

Table 12 Raw counts, abundance, and density estimates (bird s per km 2) of greylag goose  in a) 
Survey Area b) Spiorad na Mara Array Area and c) 10 km Buffer  

Note: Apportioning calculations were carried out; however there was nothing apportioned to this species therefore the 

apportioned figures are the same as the original abundance estimates. 

 

ŀύ {ǳǊǾŜȅ !ǊŜŀ 

aƻƴǘƘ 
wŀǿ 

/ƻǳƴǘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ tǊŜŎƛǎƛƻƴ ό/±ύ 5Ŝƴǎƛǘȅ όōƛǊŘǎ ƪƳπнύ 

Wǳƴπнн 26 221 26 662 0.20 0.23 

ōύ {ǇƛƻǊŀŘ ƴŀ aŀǊŀ !ǊǊŀȅ !ǊŜŀ 

aƻƴǘƘ 
wŀǿ 

/ƻǳƴǘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ tǊŜŎƛǎƛƻƴ ό/±ύ 5Ŝƴǎƛǘȅ όōƛǊŘǎ ƪƳπнύ 

bƻƴŜ ǊŜŎƻǊŘŜŘΦ 

Ŏύ мл ƪƳ .ǳŦŦŜǊ 

aƻƴǘƘ 
wŀǿ 
/ƻǳƴǘ 

!ōǳƴŘŀƴŎŜ 
9ǎǘƛƳŀǘŜ 

[/[ ¦/[ tǊŜŎƛǎƛƻƴ ό/±ύ 5Ŝƴǎƛǘȅ όōƛǊŘǎ ƪƳπнύ 

Wǳƴπнн 26 219 26 657 0.20 0.27 
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Figure 4 Distribution of greylag goose  in  the Survey Area during June 2022  

Note: Individuals in close proximity may appear overlapping 
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Number of Observations 26 

Mean vector 300.045 

Length of mean vector (r) 0.998 

Rayleigh Test (Z) 25.885 

Rayleigh Test (p) <0.001 

a. June 2022 (Survey 04) 

Figure 5 Summary of flight direction of greylag goose  during the survey period  
Note: Non-significant results and months with only 1 or 2 individuals were not recorded 
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3.1.3 Common Eider ς Somateria mollissima 

Common eiders were recorded in both breeding (March to June 2022, March to June 2024) and non-
breeding seasons (October and November 2022, January, February, September, October 2023, and 
December 2023 to February 2024). Peak abundance occurred in May 2023 with an estimate of 700 
[95% CL: 86, 1,451] within the Survey Area equating to 0.73 birds/km2 (Table 13).  

The common eiders were found along the coast of the Isle of Lewis, appearing in the south-west of 
the 10 km Buffer in all surveys. In March and November 2022, January to March 2023, and December 
2023 to February 2024, the eiders also occurred further along the coast in the east of the 10 km Buffer 
(Figure 6 to Figure 9).Two individuals were recorded as flying during the May 2023 survey, with no 
significant flight direction.  

Table 13 Raw counts, unapportioned abundance estimates, lower and upper 95% confidence 
limits (CL), coefficient of variation (precision), and density (estimated birds per km 2) 
of common eider  in a) Survey Area b) Spiorad na Mara Array Area and c) 10 km Buffer  

ŀύ {ǳǊǾŜȅ !ǊŜŀ 

aƻƴǘƘ 
wŀǿ 

/ƻǳƴǘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ tǊŜŎƛǎƛƻƴ ό/±ύ 5Ŝƴǎƛǘȅ όōƛǊŘǎ ƪƳπнύ 

Mar-22 50 429 50 977 0.14 0.45 

Apr-22 27 234 27 599 0.19 0.24 

May-22 2 17 2 51 0.71 0.02 

Jun-22 4 34 4 136 0.50 0.04 

Oct-22 3 26 3 70 0.58 0.03 

Nov-22 29 250 29 690 0.19 0.26 

Jan-23 18 155 18 412 0.24 0.16 

Feb-23 22 187 22 426 0.21 0.20 

Mar-23 30 257 30 669 0.18 0.27 

Apr-23 6 52 6 139 0.41 0.05 

May-23 81 700 86 1,451 0.11 0.73 

Jun-23 5 44 5 124 0.45 0.05 

Sep-23 13 111 13 317 0.28 0.12 

Oct-23 39 337 39 951 0.16 0.35 

Dec-23 20 172 20 499 0.22 0.18 

Jan-24 32 280 32 699 0.18 0.29 

Feb-24 3 26 3 77 0.58 0.03 

ōύ {ǇƛƻǊŀŘ ƴŀ aŀǊŀ !ǊǊŀȅ !ǊŜŀ 

aƻƴǘƘ 
wŀǿ 

/ƻǳƴǘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ tǊŜŎƛǎƛƻƴ ό/±ύ 5Ŝƴǎƛǘȅ όōƛǊŘǎ ƪƳπнύ 

bƻƴŜ ǊŜŎƻǊŘŜŘΦ 

Ŏύ мл ƪƳ .ǳŦŦŜǊ 

aƻƴǘƘ 
wŀǿ 
/ƻǳƴǘ 

!ōǳƴŘŀƴŎŜ 
9ǎǘƛƳŀǘŜ 

[/[ ¦/[ tǊŜŎƛǎƛƻƴ ό/±ύ 5Ŝƴǎƛǘȅ όōƛǊŘǎ ƪƳπнύ 

Mar-22 50 424 51 949 0.14 0.53 

Apr-22 27 232 27 575 0.19 0.29 

May-22 2 17 2 51 0.71 0.02 
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Jun-22 4 34 4 135 0.50 0.04 

Oct-22 3 26 3 69 0.58 0.03 

Nov-22 29 248 29 684 0.19 0.31 

Jan-23 18 153 18 391 0.24 0.19 

Feb-23 22 186 22 405 0.21 0.23 

Mar-23 30 255 30 681 0.18 0.32 

Apr-23 6 52 6 138 0.41 0.07 

May-23 81 691 85 1,434 0.11 0.87 

Jun-23 5 44 5 114 0.45 0.06 

Sep-23 13 110 13 366 0.28 0.14 

Oct-23 39 335 39 944 0.16 0.42 

Dec-23 20 170 20 495 0.22 0.21 

Jan-24 32 277 32 761 0.18 0.35 

Feb-24 3 25 3 101 0.58 0.03 
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Figure 6 Distribution of common eider  in  the Survey Area during March 2022 to August 2022  

Note: Individuals in close proximity may appear overlapping 
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Figure 7 Distribution of common eider  species  in  the Survey Area during September 2022 to February 2023  

Note: Individuals in close proximity may appear overlapping
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Figure 8 Distribution of common eider  in  the Survey Area during March 2023 to August  2023 

Note: Individuals in close proximity may appear overlapping 
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Figure 9 Distribution  of common eider  in  the Survey Area during September 2023 to February 2024  

Note: Individuals in close proximity may appear overlapping 
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3.1.4 Wigeon ς Mareca penelope 

Wigeons were recorded in August 2022 (breeding season), resulting in an abundance estimate of 51 
[95% CL: 6, 154] within the Survey Area, equating to 0.05 birds/km2 (Table 14). The wigeons were 
observed near the coast in the east of the 10 km Buffer (Figure 10). 

A significant predominant direction of flight was recorded to the west-northwest (Figure 11). 

Table 14 Raw counts, unapportioned abundance estimates, lower and upper 95% confidence 
limits (CL), coefficient of variation (precision), and density (estimated bird s per km 2) 
of wigeon  in a) Survey Area b) Spiorad na Mara Array Area and c) 10 km Buffer  

 

ŀύ {ǳǊǾŜȅ !ǊŜŀ 

aƻƴǘƘ 
wŀǿ 

/ƻǳƴǘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ tǊŜŎƛǎƛƻƴ ό/±ύ 5Ŝƴǎƛǘȅ όōƛǊŘǎ ƪƳπнύ 

Aug-22 6 52 6 155 0.41 0.05 

ōύ {ǇƛƻǊŀŘ ƴŀ aŀǊŀ !ǊǊŀȅ !ǊŜŀ 

aƻƴǘƘ 
wŀǿ 

/ƻǳƴǘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ tǊŜŎƛǎƛƻƴ ό/±ύ 5Ŝƴǎƛǘȅ όōƛǊŘǎ ƪƳπнύ 

bƻƴŜ ǊŜŎƻǊŘŜŘΦ 

Ŏύ мл ƪƳ .ǳŦŦŜǊ 

aƻƴǘƘ 
wŀǿ 
/ƻǳƴǘ 

!ōǳƴŘŀƴŎŜ 
9ǎǘƛƳŀǘŜ 

[/[ ¦/[ tǊŜŎƛǎƛƻƴ ό/±ύ 5Ŝƴǎƛǘȅ όōƛǊŘǎ ƪƳπнύ 

Aug-22 6 51 6 154 0.41 0.06 
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Figure 10 Distribution of wigeon  in  the Survey Area during August 2022  

Note: Individuals in close proximity may appear overlapping 
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Number of Observations 6 

Mean vector 299.355 

Length of mean vector (r) 0.999 

Rayleigh Test (Z) 5.984 

Rayleigh Test (p) <0.001 

a. August 2022 (Survey 06) 

Figure 11 Summary of flight direction of wigeon  during the survey period  
Note: Non-significant results and months with only 1 or 2 individuals were not recorded 
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3.1.5 Black-tailed godwit ς Limosa limosa 

Black-tailed godwits were recorded in August 2022 during the breeding season, with an abundance 
estimate of 69 [95% CL: 8, 206] within the Survey Area equating to 0.07 birds/km2 (Table 15). 

In August 2022, all black-tailed godwits recorded were flying in the northwest of the 10 km Buffer 
(Figure 12), with a significant predominant flight direction of south-southwest (Figure 13). 

Table 15 Raw counts,  abundance and density estimates (bird s per km 2) of black -tailed godwit  
in a) Survey Area b) Spiorad na Mara  Array Area and c) 10 km Buffer  

Note: Apportioning calculations were carried out, however there was nothing apportioned to this species therefore the 
apportioned figures are the same as the original abundance estimates. 

 

ŀύ {ǳǊǾŜȅ !ǊŜŀ 

aƻƴǘƘ 
wŀǿ 

/ƻǳƴǘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ tǊŜŎƛǎƛƻƴ ό/±ύ 5Ŝƴǎƛǘȅ όōƛǊŘǎ ƪƳπнύ 

Aug-22 8 69 8 206 0.35 0.07 

ōύ {ǇƛƻǊŀŘ ƴŀ aŀǊŀ !ǊǊŀȅ !ǊŜŀ 

aƻƴǘƘ 
wŀǿ 

/ƻǳƴǘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ tǊŜŎƛǎƛƻƴ ό/±ύ 5Ŝƴǎƛǘȅ όōƛǊŘǎ ƪƳπнύ 

bƻƴŜ ǊŜŎƻǊŘŜŘΦ 

Ŏύ мл ƪƳ .ǳŦŦŜǊ 

aƻƴǘƘ 
wŀǿ 
/ƻǳƴǘ 

!ōǳƴŘŀƴŎŜ 
9ǎǘƛƳŀǘŜ 

[/[ ¦/[ tǊŜŎƛǎƛƻƴ ό/±ύ 5Ŝƴǎƛǘȅ όōƛǊŘǎ ƪƳπнύ 

8 68 8 205 0.35 0.09 8.00 
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Figure 12 Distribution of black -tailed godwit  in  the Survey Area during August 2022  

Note: Individuals in close proximity may appear overlapping 
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Number of Observations 8 

Mean vector 201.407 

Length of mean vector (r) 0.998 

Rayleigh Test (Z) 7.975 

Rayleigh Test (p) <0.001 

a. August 2022 (Survey 06) 

Figure 13 Summary of flight direction of black -tailed godwit  during the survey period  
Note: Non-significant results and months with only 1 or 2 individuals were not recorded 
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3.1.6 Curlew ς Numenius arquata 

Curlews were recorded in the breeding season (August 2022 and May 2023) and non-breeding season 
(January and November 2023, and February 2024). Peak abundance occurred in January 2023 with an 
estimate of 69 [95% CL: 8, 189] within the Survey Area equating to 0.07 birds/km2 (Table 16). Curlews 
were primarily recorded in the east of the 10 km Buffer near the coast (Figure 14, Figure 15, and Figure 
17); however, two individuals were recorded flying within the Spiorad na Mara Array Area during the 
May 2023 survey, with no significant flight direction (Figure 16). 

Table 16 Apportioned abundance and density estimates (bird s per km 2) of curlew  in a) Survey 
Area b) Spiorad na Mara  Array Area and c) 10 km Buffer  

 

ŀύ {ǳǊǾŜȅ !ǊŜŀ 

aƻƴǘƘ 
wŀǿ 

/ƻǳƴǘ 

¢ƻǘŀƭ ǳƴŀǇǇƻǊǘƛƻƴŜŘ ¢ƻǘŀƭ ŀǇǇƻǊǘƛƻƴŜŘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

tǊŜŎƛǎƛƻƴ 

ό/±ύ 

5Ŝƴǎƛǘȅ 

όōƛǊŘǎ ƪƳнύ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

5Ŝƴǎƛǘȅ όōƛǊŘǎ 

ƪƳπнύ 

Jul-22 0 0 0 0 0.00 0.00 137 мс 412 0.14 

Aug-22 4 34 4 86 0.50 0.04 43 р 111 0.04 

Sep-22 0 0 0 0 0.00 0.00 17 2 52 0.02 

Jan-23 8 69 8 189 0.35 0.07 69 у нмр 0.07 

May-23 2 17 2 52 0.71 0.02 17 2 52 0.02 

Sep-23 0 0 0 0 0.00 0.00 43 5 129 0.04 

Nov-23 3 26 3 79 0.58 0.03 26 3 105 0.03 

Feb-24 2 17 2 51 0.71 0.02 17 2 51 0.02 

ōύ {ǇƛƻǊŀŘ ƴŀ aŀǊŀ !ǊǊŀȅ !ǊŜŀ 

aƻƴǘƘ 
wŀǿ 

/ƻǳƴǘ 

¢ƻǘŀƭ ǳƴŀǇǇƻǊǘƛƻƴŜŘ ¢ƻǘŀƭ ŀǇǇƻǊǘƛƻƴŜŘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

tǊŜŎƛǎƛƻƴ 

ό/±ύ 

5Ŝƴǎƛǘȅ 

όōƛǊŘǎ ƪƳнύ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

5Ŝƴǎƛǘȅ όōƛǊŘǎ 

ƪƳπнύ 

May-23 2 18 2 55 0.71 0.11 му н рр лΦлм 

Ŏύ мл ƪƳ .ǳŦŦŜǊ 

aƻƴǘƘ 
wŀǿ 
/ƻǳƴǘ 

¢ƻǘŀƭ ǳƴŀǇǇƻǊǘƛƻƴŜŘ ¢ƻǘŀƭ ŀǇǇƻǊǘƛƻƴŜŘ 

!ōǳƴŘŀƴŎŜ 
9ǎǘƛƳŀǘŜ 

[/[ ¦/[ 
tǊŜŎƛǎƛƻƴ 
ό/±ύ 

5Ŝƴǎƛǘȅ 
όōƛǊŘǎ ƪƳнύ 

!ōǳƴŘŀƴŎŜ 
9ǎǘƛƳŀǘŜ 

[/[ ¦/[ 
5Ŝƴǎƛǘȅ όōƛǊŘǎ 
ƪƳπнύ 

Jul-22 0 0 0 0 0.00 0.00 136 мс 409 0.17 

Aug-22 4 34 4 85 0.50 0.04 43 р 112 0.05 

Sep-22 0 0 0 0 0.00 0.00 17 н 51 0.02 

Jan-23 8 68 8 196 0.35 0.09 68 8 204 0.09 

Sep-23 0 0 0 0 0.00 0.00 42 5 128 0.05 

Nov-23 3 26 3 78 0.58 0.03 26 3 78 0.03 

Feb-24 2 17 2 51 0.71 0.02 17 2 51 0.02 
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Figure 14 Distribution  of curlew  in  the Survey Area during March to August 2022  

Note: Individuals in close proximity may appear overlapping
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Figure 15 Distribution  of curlew  in  the Survey Area during September  2022 to February 2023  

Note: Individuals in close proximity may appear overlapping
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Figure 16 Distribution  of curlew  in  the Survey Area during March to August 2023  

Note: Individuals in close proximity may appear overlapping 
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Figure 17 Distribution  of curlew  in  the Survey Area during September  2023 to February 2024 

Note: Individuals in close proximity may appear overlapping 
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Figure 18 Distribution  of curlew  in  the Survey Area during September 2023 to February 2024  

Note: Individuals in close proximity may appear overlapping 
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3.1.7 Wader species - Unidentified 

Wader species were recorded in the breeding season (July and August 2022, and July 2023) and non-
breeding season (September 2022 and September 2023). Peak abundance occurred in July 2022 with 
an estimate of 137 [95% CL: 16, 411] within the Survey Area equating to 0.14 birds/km2 (Table 17). 
Wader species were recorded solely in the northwest and southeast of the 10km Buffer Zone (Figure 
19 to Figure 22). 

In July 2022, there was a significant predominant direction of flight towards the south-southeast 
(Figure 23a). In September 2023, there was a significant predominant direction of flight towards the 
south-southwest (Figure 23b) 

Table 17 Apportioned abundance and density estimates (bird s per km 2) of wader species  in a) 
Survey Area b) Spiorad na Mara Array Area and c) 10 km Buffer  

 

ŀύ {ǳǊǾŜȅ !ǊŜŀ 

aƻƴǘƘ 
wŀǿ 

/ƻǳƴǘ 

¢ƻǘŀƭ ǳƴŀǇǇƻǊǘƛƻƴŜŘ ¢ƻǘŀƭ ŀǇǇƻǊǘƛƻƴŜŘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

tǊŜŎƛǎƛƻƴ 

ό/±ύ 

5Ŝƴǎƛǘȅ 

όōƛǊŘǎ ƪƳнύ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

5Ŝƴǎƛǘȅ όōƛǊŘǎ 

ƪƳπнύ 

Jul-22 16 137 16 412 0.25 0.14 

None remaining as all abundance estimates 

apportioned into specific species. 

Aug-22 1 9 1 26 <1.00 0.01 

Sep-22 2 17 2 52 0.71 0.02 

Jul-23 4 35 4 104 0.50 0.04 

Sep-23 5 43 5 129 0.45 0.04 

ōύ {ǇƛƻǊŀŘ ƴŀ aŀǊŀ !ǊǊŀȅ !ǊŜŀ 

aƻƴǘƘ 
wŀǿ 

/ƻǳƴǘ 

¢ƻǘŀƭ ǳƴŀǇǇƻǊǘƛƻƴŜŘ ¢ƻǘŀƭ ŀǇǇƻǊǘƛƻƴŜŘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

tǊŜŎƛǎƛƻƴ 

ό/±ύ 

5Ŝƴǎƛǘȅ 

όōƛǊŘǎ ƪƳнύ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

5Ŝƴǎƛǘȅ όōƛǊŘǎ 

ƪƳπнύ 

bƻƴŜ ǊŜŎƻǊŘŜŘΦ 

Ŏύ мл ƪƳ .ǳŦŦŜǊ 

aƻƴǘƘ 
wŀǿ 
/ƻǳƴǘ 

¢ƻǘŀƭ ǳƴŀǇǇƻǊǘƛƻƴŜŘ ¢ƻǘŀƭ ŀǇǇƻǊǘƛƻƴŜŘ 

!ōǳƴŘŀƴŎŜ 
9ǎǘƛƳŀǘŜ 

[/[ ¦/[ 
tǊŜŎƛǎƛƻƴ 
ό/±ύ 

5Ŝƴǎƛǘȅ 
όōƛǊŘǎ ƪƳнύ 

!ōǳƴŘŀƴŎŜ 
9ǎǘƛƳŀǘŜ 

[/[ ¦/[ 
5Ŝƴǎƛǘȅ όōƛǊŘǎ 
ƪƳπнύ 

Jul-22 16 136 16 409 0.25 0.17 

None remaining as all abundance estimates 
apportioned into specific species. 

Aug-22 1 9 1 26 <1.00 0.01 

Sep-22 2 17 2 51 0.71 0.02 

Jul-23 4 34 4 137 0.50 0.04 

Sep-23 5 42 5 128 0.45 0.05 
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Figure 19 Distribution  of wader species in the Survey Area during March 202 2 to August 202 2 

Note: Individuals in close proximity may appear overlapping 
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Figure 20 Distribution  of wader species  in the Survey Area during September 202 2 to February 202 3 

Note: Individuals in close proximity may appear overlapping 
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Figure 21 Distribution  of wader species in the Survey Area during March 2023 to August 2023  

Note: Individuals in close proximity may appear overlapping 
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Figure 22 Distribution  of wader species in the Survey Area during September 2023 to February 2024  

Note: Individuals in close proximity may appear overlapping 
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Number of Observations 16 Number of Observations 5 

Mean vector 151.274 Mean vector 202.907 

Length of mean vector (r) 0.996 Length of mean vector (r) 0.998 

Rayleigh Test (Z) 15.887 Rayleigh Test (Z) 4.977 

Rayleigh Test (p) <0.001 Rayleigh Test (p) 0.001 

a. July 2022 (Survey 05) b. September 2023 (Survey 19) 

Figure 23 Summary of flight direction of wader species  during the survey period  
Note: Non-significant results and months with only 1 or 2 individuals were not recorded 
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3.1.8 Oystercatcher ς Haematopus ostralegus 

Oystercatchers were recorded in the breeding season (March, May, and July 2023) and non-breeding 
season (February and December 2023). Peak abundance occurred in July 2023 with an estimate of 44 
[95% CL: 5, 130] within the Survey Area equating to 0.05 birds/km2 (Table 18). The oystercatchers 
were primarily found along the coast, appearing in the south-west of the 10 km Buffer in all surveys ( 
Figure 24 to Figure 26). In March and May 2023, the oystercatchers also occurred further along the 
coast in the east of the 10 km Buffer (Figure 25). 

In May 2023, there was a significant predominant direction of flight towards the north-northwest, 
respectively (Figure 27a).  

Table 18 Apportioned abundance and density estimates (bird s per km 2) of oystercatcher  in a) 
Survey Area b) Spiorad na Mara  Array Area and c) 10 km Buffer  

 

ŀύ {ǳǊǾŜȅ !ǊŜŀ 

aƻƴǘƘ 
wŀǿ 

/ƻǳƴǘ 

¢ƻǘŀƭ ǳƴŀǇǇƻǊǘƛƻƴŜŘ ¢ƻǘŀƭ ŀǇǇƻǊǘƛƻƴŜŘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

tǊŜŎƛǎƛƻƴ 

ό/±ύ 

5Ŝƴǎƛǘȅ 

όōƛǊŘǎ ƪƳнύ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

5Ŝƴǎƛǘȅ όōƛǊŘǎ 

ƪƳπнύ 

Feb-23 2 17 2 51 0.71 0.02 17 2 51 0.02 

Mar-23 1 9 1 26 <1.00 0.01 9 1 26 0.01 

May-23 4 35 4 78 0.50 0.04 35 4 95 0.04 

Jul-23 1 9 1 26 <1.00 0.01 44 5 130 0.05 

Dec-23 1 9 1 26 <1.00 0.01 9 1 26 0.01 

ōύ {ǇƛƻǊŀŘ ƴŀ aŀǊŀ !ǊǊŀȅ !ǊŜŀ 

aƻƴǘƘ 
wŀǿ 

/ƻǳƴǘ 

¢ƻǘŀƭ ǳƴŀǇǇƻǊǘƛƻƴŜŘ ¢ƻǘŀƭ ŀǇǇƻǊǘƛƻƴŜŘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

tǊŜŎƛǎƛƻƴ 

ό/±ύ 

5Ŝƴǎƛǘȅ 

όōƛǊŘǎ ƪƳнύ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

5Ŝƴǎƛǘȅ όōƛǊŘǎ 

ƪƳπнύ 

bƻƴŜ ǊŜŎƻǊŘŜŘΦ 

Ŏύ мл ƪƳ .ǳŦŦŜǊ 

aƻƴǘƘ 
wŀǿ 
/ƻǳƴǘ 

¢ƻǘŀƭ ǳƴŀǇǇƻǊǘƛƻƴŜŘ ¢ƻǘŀƭ ŀǇǇƻǊǘƛƻƴŜŘ 

!ōǳƴŘŀƴŎŜ 
9ǎǘƛƳŀǘŜ 

[/[ ¦/[ 
tǊŜŎƛǎƛƻƴ 
ό/±ύ 

5Ŝƴǎƛǘȅ 
όōƛǊŘǎ ƪƳнύ 

!ōǳƴŘŀƴŎŜ 
9ǎǘƛƳŀǘŜ 

[/[ ¦/[ 
5Ŝƴǎƛǘȅ όōƛǊŘǎ 
ƪƳπнύ 

Feb-23 2 17 2 51 0.71 0.02 79 2 51 0.02 

Mar-23 1 9 1 26 <1.00 0.01 9 1 26 0.01 

May-23 4 34 4 77 0.50 0.04 34 4 94 0.04 

Jul-23 1 9 1 26 <1.00 0.01 43 5 163 0.05 

Dec-23 1 8 1 26 <1.00 0.01 8 1 26 0.01 
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Figure 24 Distribution of oystercatcher  in  the Survey Area during March  2022 to February 202 3 

Note: Individuals in close proximity may appear overlapping 
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Figure 25 Distribution of  oystercatcher  in  the Survey Area during March 2023 and August 2023  

Note: Individuals in close proximity may appear overlapping 
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Figure 26 Distribution of  oystercatcher  in  the Survey Area during September  2023 and February  2024 

Note: Individuals in close proximity may appear overlapping 
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Number of Observations 3 

Mean vector 355.432 

Length of mean vector (r) 0.999 

Rayleigh Test (Z) 2.992 

Rayleigh Test (p) 0.034 

a. May 2023 (Survey 15) 

Figure 27 Summary of flight direction of oystercatcher  during the survey period  
Note: Non-significant results and months with only 1 or 2 individuals were not recorded 
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3.1.9 Rock dove ς Columba livia 

Rock dove were recorded in July 2022 during the breeding season, resulting in an abundance estimate 
of nine [95% CL: 1, 26] within the Survey Area equating to 0.01 birds/km2 (Table 19). The rock dove 
was recorded in the southwest of the 10 km Buffer (Figure 28). The individual was recorded flying, 
with no significant flight direction. 

Table 19 Raw counts, abundance estimates, lower and upper 95% confidence limits (CL), 
coefficient of variation (precision), and density (estimated bird s per km 2) of  rock dove 
in a) Survey Area b) Spiorad na Mara Array Area and c) 10 km Buffer  

 

 

ŀύ {ǳǊǾŜȅ !ǊŜŀ 

aƻƴǘƘ wŀǿ /ƻǳƴǘ 

¢ƻǘŀƭ ǳƴŀǇǇƻǊǘƛƻƴŜŘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

tǊŜŎƛǎƛƻƴ 

ό/±ύ 

5Ŝƴǎƛǘȅ όōƛǊŘǎ 

ƪƳπнύ 

Jul-22 1 9 1 26 <1.00 0.01 

ōύ {ǇƛƻǊŀŘ ƴŀ aŀǊŀ !ǊǊŀȅ !ǊŜŀ 

aƻƴǘƘ wŀǿ /ƻǳƴǘ 
¢ƻǘŀƭ ǳƴŀǇǇƻǊǘƛƻƴŜŘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

tǊŜŎƛǎƛƻƴ 

ό/±ύ 

5Ŝƴǎƛǘȅ όōƛǊŘǎ 

ƪƳπнύ 

bƻƴŜ ǊŜŎƻǊŘŜŘΦ 

Ŏύ мл ƪƳ .ǳŦŦŜǊ 

aƻƴǘƘ wŀǿ /ƻǳƴǘ 

¢ƻǘŀƭ ǳƴŀǇǇƻǊǘƛƻƴŜŘ 

!ōǳƴŘŀƴŎŜ 
9ǎǘƛƳŀǘŜ 

[/[ ¦/[ 
tǊŜŎƛǎƛƻƴ 
ό/±ύ 

5Ŝƴǎƛǘȅ όōƛǊŘǎ 
ƪƳπнύ 

Jul-22 1 9 1 26 <1.00 0.01 
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Figure 28 Distribution of rock dove  in  the Survey Area during July 2022  

Note: Individuals in close proximity may appear overlapping 
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3.1.10 Kittiwake ς Rissa tridactyla 

Kittiwakes were recorded in all survey months throughout the year. Peak abundance occurred in 
February 2023 with an estimate of 3,160 [95% CL:2,455, 3,950] within the Survey Area equating to 
3.30 birds/km2 (Table 20). Notably more kittiwakes were recorded in the non-breeding season across 
both years of surveys, particularly in January and February 2023 as well as February 2024. During the 
non-breeding season, they were widely dispersed across the Survey Area, with a notable presence in 
the north in October 2022, February 2023, and February 2024 (Figure 30 and Figure 32). During the 
breeding seasons, kittiwakes predominantly occurred in the southwest of the  
10 km Buffer in May 2022 and May to August 2023, in the south and north in June 2022, and across 
the site in July 2022 (Figure 29 and Figure 31).  

Throughout the survey period, kittiwakes displayed varying significant monthly flight trends. Notably, 
during the first year of surveys individuals flew northeast in May and June 2022, shifted to southeast 
in October and November 2022, west in December 2022, south in January 2023, and northwest in 
February 2023 (Figure 33a-g). Comparably, in the second year of surveys, kittiwakes flew northeast in 
March and May 2023, shifting to east-northeast in June and November 2023, and southeast in 
February 2024 (Figure 33h-l). No significant flight direction was recorded outside these months.  

Table 20 Apportioned abundance and density estimates (bird s per km 2) of kittiwake  in a) 
Survey Area b) Spiorad na Mara  Array Area and c) 10 km Buffer  

ŀύ {ǳǊǾŜȅ !ǊŜŀ 

aƻƴǘƘ 
wŀǿ 

/ƻǳƴǘ 

¢ƻǘŀƭ ǳƴŀǇǇƻǊǘƛƻƴŜŘ ¢ƻǘŀƭ ŀǇǇƻǊǘƛƻƴŜŘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

tǊŜŎƛǎƛƻƴ 

ό/±ύ 

5Ŝƴǎƛǘȅ 

όōƛǊŘǎ ƪƳнύ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

5Ŝƴǎƛǘȅ όōƛǊŘǎ 

ƪƳπнύ 

Mar-22 20 171 94 249 0.22 0.18 171 94 266 0.18 

Apr-22 36 312 52 763 0.17 0.33 312 68 989 0.33 

May-22 39 335 172 541 0.16 0.35 335 127 618 0.35 

Jun-22 30 254 42 509 0.18 0.27 262 31 576 0.27 

Jul-22 23 198 86 361 0.21 0.21 241 65 515 0.25 

Aug-22 2 17 2 43 0.71 0.02 30 3 105 0.03 

Sep-22 16 137 26 318 0.25 0.14 138 16 378 0.14 

Oct-22 83 725 507 970 0.11 0.76 734 455 1088 0.77 

Nov-22 69 595 431 776 0.12 0.62 598 416 813 0.62 

Dec-22 15 130 61 209 0.26 0.14 138 61 209 0.14 

Jan-23 244 2,095 1,734 2,490 0.06 2.19 2,095 1,683 2,568 2.19 

Feb-23 369 3,144 2,624 3,706 0.05 3.28 3,160 2,455 3,950 3.30 

Mar-23 146 1,253 618 2,163 0.08 1.31 1,256 446 2,461 1.31 

Apr-23 6 52 9 104 0.41 0.05 52 9 122 0.05 

May-23 22 190 78 337 0.21 0.20 190 86 328 0.20 

Jun-23 12 106 27 230 0.29 0.11 109 24 263 0.11 

Jul-23 21 182 52 399 0.22 0.19 183 35 394 0.19 

Aug-23 2 17 2 43 0.71 0.02 17 2 51 0.02 

Sep-23 1 9 1 26 <1.00 0.01 9 1 26 0.01 

Oct-23 21 182 86 294 0.22 0.19 212 83 423 0.22 

Nov-23 16 140 70 227 0.25 0.15 141 62 238 0.15 

Dec-23 14 120 60 181 0.27 0.13 129 61 215 0.13 
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Jan-24 7 61 17 105 0.38 0.06 67 12 147 0.07 

Feb-24 284 2,421 1,764 3,281 0.06 2.53 2,470 1,664 3,521 2.58 

ōύ {ǇƛƻǊŀŘ ƴŀ aŀǊŀ !ǊǊŀȅ !ǊŜŀ 

aƻƴǘƘ 
wŀǿ 

/ƻǳƴǘ 

¢ƻǘŀƭ ǳƴŀǇǇƻǊǘƛƻƴŜŘ ¢ƻǘŀƭ ŀǇǇƻǊǘƛƻƴŜŘ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

tǊŜŎƛǎƛƻƴ 

ό/±ύ 

5Ŝƴǎƛǘȅ 

όōƛǊŘǎ ƪƳнύ 

!ōǳƴŘŀƴŎŜ 

ŜǎǘƛƳŀǘŜ 
[/[ ¦/[ 

5Ŝƴǎƛǘȅ όōƛǊŘǎ 

ƪƳπнύ 

Apr-22 3 27 3 64 0.58 0.17 27 3 73 0.17 

May-22 4 36 4 98 0.50 0.22 36 4 107 0.22 

Jul-22 л л л л лΦлл лΦлл 27 3 81 0.17 

Aug-22 л л л л лΦлл лΦлл 3 0 12 0.02 

Sep-22 1 9 1 27 <1.00 0.06 9 1 27 0.06 

Oct-22 31 282 146 437 0.18 1.75 282 109 510 1.75 

Nov-22 21 189 108 289 0.22 1.17 189 108 289 1.17 

Dec-22 5 45 9 100 0.45 0.28 45 9 100 0.28 

Jan-23 63 567 405 756 0.13 3.52 567 378 792 3.52 

Feb-23 17 152 80 224 0.24 0.94 152 67 268 0.94 

Mar-23 25 224 25 610 0.20 1.39 224 29 637 1.39 

Apr-23 2 18 2 45 0.71 0.11 18 2 63 0.11 

Oct-23 2 18 2 45 0.71 0.11 18 2 45 0.11 

Nov-23 4 37 4 82 0.50 0.23 37 4 82 0.23 

Dec-23 3 27 3 63 0.58 0.17 30 3 72 0.18 

Jan-24 1 9 1 28 <1.00 0.06 9 1 28 0.06 

Feb-24 14 125 53 205 0.27 0.78 125 39 240 0.77 

Ŏύ мл ƪƳ .ǳŦŦŜǊ 

aƻƴǘƘ 
wŀǿ 
/ƻǳƴǘ 

¢ƻǘŀƭ ǳƴŀǇǇƻǊǘƛƻƴŜŘ ¢ƻǘŀƭ ŀǇǇƻǊǘƛƻƴŜŘ 

!ōǳƴŘŀƴŎŜ 
9ǎǘƛƳŀǘŜ 

[/[ ¦/[ 
tǊŜŎƛǎƛƻƴ 
ό/±ύ 

5Ŝƴǎƛǘȅ 
όōƛǊŘǎ ƪƳнύ 

!ōǳƴŘŀƴŎŜ 
9ǎǘƛƳŀǘŜ 

[/[ ¦/[ 
5Ŝƴǎƛǘȅ όōƛǊŘǎ 
ƪƳπнύ 

Mar-22 20 169 94 254 0.22 0.21 169 93 271 0.21 

Apr-22 33 283 34 756 0.17 0.36 283 50 961 0.35 

May-22 35 298 136 485 0.17 0.37 298 115 545 0.37 

Jun-22 30 253 51 573 0.18 0.32 261 31 606 0.33 

Jul-22 23 196 85 341 0.21 0.24 213 62 434 0.27 

Aug-22 2 17 2 43 0.71 0.02 27 3 78 0.03 

Sep-22 15 128 26 298 0.26 0.16 128 15 324 0.16 

Oct-22 52 451 303 624 0.14 0.57 457 261 705 0.57 

Nov-22 48 410 273 555 0.14 0.51 412 267 598 0.52 

Dec-22 10 86 34 147 0.32 0.11 86 34 138 0.11 

Jan-23 181 1,540 1,225 1,855 0.07 1.93 1,540 1,166 1,948 1.93 

Feb-23 352 2,971 2,447 3,519 0.05 3.73 2,986 2,348 3,734 3.74 

Mar-23 121 1,029 476 1,829 0.09 1.29 1,032 363 2,152 1.29 

Apr-23 4 34 4 86 0.50 0.04 34 4 78 0.04 

May-23 22 188 77 324 0.21 0.24 188 68 324 0.24 

Jun-23 12 105 26 219 0.29 0.13 108 24 261 0.14 

Jul-23 21 180 34 404 0.22 0.23 181 35 407 0.23 

Aug-23 2 17 2 42 0.71 0.02 17 2 42 0.02 
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Sep-23 1 8 1 26 <1.00 0.01 8 1 26 0.01 

Oct-23 19 163 69 266 0.23 0.20 192 65 385 0.24 

Nov-23 12 104 52 164 0.29 0.13 105 44 177 0.13 

Dec-23 11 94 43 162 0.30 0.12 101 35 175 0.13 

Jan-24 6 52 17 95 0.41 0.07 58 12 128 0.07 

Feb-24 270 2,282 1,614 3,076 0.06 2.86 2,330 1,548 3,340 2.92 
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Figure 29 Distribution of kittiwake  in  the Survey Area during March 2022 to August 2022  

Note: Individuals in close proximity may appear overlapping 
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Figure 30 Distribution of kittiwake  in  the Survey Area during September  2022 to February 2023  

Note: Individuals in close proximity may appear overlapping 






































































































































































































































































































































































































































































































































































































































































































































































































