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Executive summary 
In July 2020, Offshore Wind Power Limited commissioned HiDef Aerial Surveying Limited (HiDef) to 
undertake a programme of high-resolution digital video aerial surveys for marine megafauna, 
ornithological and human activity over the proposed West of Orkney Windfarm. The proposed West 
of Orkney Windfarm is located approximately 23km from the north coast of Scotland.   

A total of 27 monthly surveys were flown between July 2020 and September 2022. HiDef designed a 
survey that placed 2km-spaced transects across the development area plus a 4km surrounding buffer 
(‘the survey area’), creating a total survey area of 1,290km2

. From February 2021 the development area 
was changed to reflect the Option Agreement Area (OAA) awarded by Crown Estate Scotland, 
increasing by 31km2, giving an updated total survey area of 1,321km2 for the remaining surveys.   

Surveys were undertaken using an aircraft equipped with four HiDef Gen II cameras with sensors set 
to a resolution of 2cm Ground Sample Distance (GSD). Each camera sampled a strip of 125m width, 
separated from the next camera by ~25m, to provide a combined sampled width of 500m within a 575m 
overall strip. Two of the four cameras were analysed, achieving approximately 12.5% coverage of the 
survey area in each flight. The remaining footage is available for analysis at a later stage if required.   

Data analysis followed a two-stage process in which video footage was reviewed (with a 20% random 
sample used for audit) and detected objects were identified to species or species group level (again with 
20% selected at random for audit). The audit of both stages requires 90% agreement to be achieved. 

Density and abundance estimates were calculated using strip transect analysis and kernel density 
estimation (KDE) was used to create density surface maps. In addition, known diving rates of four 
species were used to estimate the proportion of diving animals that would be underwater at the time 
of survey for the correction of abundance and density estimates.  

The surveys recorded a total of 27,244 birds of 32 species and 414 non-avian animals of 12 species, in 
addition to 34 dead birds and one dead non-avian animal. A further 915 birds and 77 non-avian animals 
were recorded which were not assigned to a species. In addition, one unidentified bird was observed 
as dead. An identification rate to species level of 96.99% was achieved throughout the 27-month period.  

The primary observations from the surveys were:  

• Kittiwakes (Rissa tridactyla) were present in relatively high densities during the spring migration 
and post-breeding migration periods (1.79 birds/km2 (95% CI 0.91– 2.83) peak density; July 2022). 
The majority of birds were recorded as flying, suggesting the area may be primarily used for 
passage to other areas; 

• Great black-backed gulls (Larus marinus) were most abundant during the non-breeding season, 
peaking in December 2021 (0.41 birds/km2 (95% CI 0.32 – 0.51)). The relatively high proportion 
of birds recorded sitting on the water suggests the area may be used for foraging, likely by birds 
migrating offshore to over-wintering areas; 

• Guillemots (Uria aalge) were the most abundant species, with peaks generally occurring during 
the autumn post-moult dispersal period (8.18 birds/km2 (95% CI 5.44 – 11.62) peak estimate; July 
2022); 

• Razorbills (Alca torda) were recorded intermittently, peaking towards the end of the breeding 
season 0.37 birds/km2 (95% CI 0.16 – 0.64) peak estimate; September 2022);   
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• Puffins (Fratercula arctica) were most abundant during the breeding season and the start of the 
non-breeding season (6.24 birds/km2 (95% CI 4.22 – 8.45) peak density; June 2022), before 
decreasing for the remainder of the winter period;  

• Fulmar (Fulmarus glacialis) were primarily present during the non-breeding winter period (3.44 
birds/km2 (95% CI 01.93 – 5.65) peak estimate; December 2020). A total of one dead bird was 
observed; 

• Gannets (Morus bassanus) were primarily recorded towards the end of the breeding season and 
into the post-breeding migration period (1.65 birds/km2 (95% CI 0.36 – 4.12) peak estimate; 
August 2020). A total of 32 dead birds were recorded over the survey period. Similar proportions 
of flying and sitting birds indicates the survey area is utilised for both passage and foraging;  

• Harbour porpoise (Phocoena phocoena) were the most abundant marine mammal species present, 
peaking in September 2021, with an absolute density of 0.75 animals/km2 (95% CI 0.25 – 1.51). 

• White-beaked dolphin (Lagenorhynchus albirostris) were the second most abundant non-avian 
animal species, with peak densities recorded in February 2022 at 0.15 animals/km2 (95% CI 0.01 
– 0.34); 

Distribution maps for all bird species showed higher densities in the east and southeast of the survey 
area especially between November 2020 and February 2021. Although species-specific variations were 
recorded, birds were generally recorded in higher densities towards the development area boundary 
and in the 4km buffer area. The distribution of non-avian animals was more widespread.  

The work undertaken by HiDef collected monthly survey data over a continuous 27-month period. The 
data collected works towards satisfying the survey requirements for the contract. This report follows, 
and supersedes, data presented in the Two-Year Report (Document Reference: HP00126-702-02), 
submitted in September 2022. 
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1 Introduction 
1 West of Orkney Windfarm (hereafter ‘WOW’) is a proposed offshore wind farm, located 

approximately 23km off the coast of Scotland. In July 2020, OWPL commissioned HiDef Aerial 
Surveying Limited (‘HiDef’) to undertake a programme of high-resolution digital video aerial surveys of 
marine megafauna (defined within this report as cetaceans, pinnipeds or other large, non-avian marine 
fauna), ornithological and human activity in support of the development proposal. The survey design 
consisted of 2km-spaced transects of the WOW development area plus a 4km surrounding buffer, 
together referred to as the ‘survey area’.  

2 Between July 2020 and January 2021, the survey area was 1,290km2, which increased to 1,321km2 for 
the remaining surveys after the development area was modified ahead of the ScotWind bid application 
(section 2.2).  

3 HiDef designed the survey methodology to provide data suitable to support OWPL proposed 
development at WOW for which baseline surveys and an accurate assessment of abundance and 
distribution of seabirds and marine mammals is required to inform the Environmental Impact 
Assessment (EIA) and Habitats Regulations Appraisal (HRA). 

4 There are multiple sites designated as Special Protection Areas (SPA) under the European Council (EC) 
Directive 2009/147/EC on the Conservation of Wild Birds (‘the Birds Directive’) are located in the 
vicinity of the survey area.  

5 Within 30km of the development area, numerous SPAs are designated for internationally important 
concentrations and breeding assemblages of guillemots (Uria aalge); razorbills (Alca torda); puffins 
(Fratercula arctica); kittiwakes (Rissa tridactyla) and fulmars (Fulmarus glacialis) such as the Cape Wrath 
and North Caithness Cliffs SPAs (JNCC, 2015a; 2018a).  

6 The Sule Skerry and Sule Stack SPA (overlapping with the survey area) and the Hoy SPA (25km east of 
the survey area) are also designated for the aforementioned species as well as for nationally important 
concentrations of European storm petrels (Hydrobates pelagicus), Leach’s storm-petrels (Oceanodroma 
leucorhoa) and shags (Gulosus aristotelis) for the former (JNCC, 2015b), and important concentrations of 
nesting and breeding great skuas (Stercorarius skua); red-throated divers (Gavia stellata); great black-
backed gulls (Larus marinus); and Arctic skuas (S. parasiticus) for the latter (JNCC, 2015c). Additionally, 
a large gannet (Morus bassanus) colony is known to breed on Sule Stack, with a growing overspill on 
Sule Skerry. 

7 The Caithness and Sutherland Peatlands SPA (approximately 24km south of the development area) are 
designated for numerous duck, diver and wader species such as red-throated and black-throated divers 
(G. arctica); common scoters (Melanitta nigra) and golden plovers (Pluvialis apricaria) (JNCC, 2018a).  

8 European storm petrels are qualifying species for Auskerry SPA and both European and Leach’s storm-
petrels are also qualifying species for North Rona and Sula Sgeir SPA (both approximately 78km away; 
JNCC, 2015d; 2015e), along with other breeding seabird species mentioned previously. 

9 In addition to being designated for guillemots; puffins; razorbills; kittiwakes; fulmars and great black-
backed gulls, the further afield Pentland Firth Islands, Rousay, and West Westray SPAs (all between 50 
and 60km from the survey area) are also designated to protect Arctic terns (Sterna paradisaea) and 
Arctic skuas for the two latter sites (JNCC, 2015f; 2015g; 2019a). 
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10 Other SPAs can be found further afield, such as Handa SPA (58km); Copinsay SPA (67km); Fair Isle SPA 
(140km) and Foula SPA (160km). These sites are designated for numerous seabird species known to 
have large foraging ranges, such as guillemots; kittiwakes; puffins; gannets; petrels and great skua 
(Woodward et al., 2019; JNCC, 2015h; 2015i; 2015j; 2015k). Seabirds are likely to use the surrounding 
waters for feeding and post-breeding dispersal, with many species foraging long distances from their 
breeding colonies. As examples, the mean max foraging range for gannet is 315km ±194 SD and for 
kittiwake 156km ±44.5 SD (Woodward et al., 2019); as such, seabirds from a number of other UK SPAs 
may travel to the WOW area to feed.   

11 Nesting seabirds are known to occur in a wide area around their breeding colonies, including in the 
survey area, with the highest densities occurring in the spring, summer and early autumn. Other 
migratory and transient bird species are also likely to be present intermittently (Xodus, 2022).  

12 Marine mammals are also likely to occur year-round within the survey area, with harbour porpoise 
(Phocoena phocoena), minke whales (Balaenoptera acutorostrata), grey seals (Halichoerus grypus) and white-
beaked dolphins (Lagenorhynchus albirostris) likely to be the most numerous (Evans et al., 2011; Hammond 
et al., 2021). The closest Special Area of Conservation (SAC) designated for the protection of harbour 
porpoises is the Inner Hebrides and Minches SAC (approximately 90km south; JNCC, 2019b). There 
are several SACs designated for grey seals on the Orkney Islands and to the west, at North Rona SAC 
and Faray and Holm of Faray SAC (JNCC, 2015l; 2015m). The Sanday SAC (approximately 87km north-
east) is designated for the protection of harbour seals (Phoca vitulina; JNCC, 2015n), and further south-
east of the survey area, bottlenose dolphins (Tursiops truncatus) are protected by the Moray Firth SAC 
(JNCC, 2015o). Minke whale is a qualifying feature of the Sea of Hebrides Marine Protected Area (MPA) 
and the Southern Trench MPA in the Moray Firth. 

13 This report (‘the 27-month report’) provides the results from 27 surveys undertaken between July 2020 
and September 2022. Observations and survey effort are summarised, and results presented as density 
surface distribution maps and density estimates with 95% confidence intervals (CIs). Summarised data 
on behaviour, age and flight direction for seabirds are also presented. A discussion is provided as to the 
representativeness of the results in relation to the wider region.  
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2 Methods 

2.1 Survey flights 

14 A series of strip transects were flown on a monthly basis between July 2020 and September 2022 except 
in January 2022 (an additional survey was flown in February 2022), following the protocol agreed in July 
2020 (HP00126-001; HiDef, 2021).  

15 HiDef designed the survey methodology to provide information suitable to support OWPL proposal to 
develop WOW for which an accurate assessment of abundance and distribution of seabirds and marine 
mammals is required to support the EIA. 

16 The survey design consisted of 2km-spaced transects across the WOW development area (799km2 
February 2020 to January 2021; 825km2 February 2021 to June 2022)1 and a surrounding 4km buffer. 
This created overall survey areas of 1,290km2 and 1,321km2 for the periods July 2020 to January 2021 
and February 2021 to September 2022 respectively (Figure 1).  

17 The survey design consisted of 21 strip transects extending roughly north to south, perpendicular to 
the depth contours along the coast. The objective of such a design is for each transect to sample varying 
habitats (primarily relating to water depth) therefore reducing the variation in bird and mammal 
abundance estimates between transects.   

18 Surveys were undertaken using an aircraft equipped with four HiDef Gen II cameras with sensors set 
to a resolution of 2cm Ground Sample Distance (GSD). Each camera sampled a strip of 125m width, 
separated from the next camera by ~25m, thus providing a combined sampled width of 500m within a 
575m overall strip. 

19 A minimum target of 12.5% site coverage was agreed, with data from two out of the four cameras being 
processed. This ensured a survey with sufficient coverage and number of transects for precise 
abundance estimation, with the remaining unprocessed data archived. 

20 The surveys were flown along the transect pattern shown in Figure 1 at a height of approximately 550m 
(~1800’) above sea level (ASL). Flying at this height ensures that there is no risk of flushing species that 
are easily disturbed by aircraft noise. Thaxter et al. (2016) recommends a minimum flight altitude of 460 
– 500m ASL. 

21 Position data for the aircraft was captured from a Garmin GPSMap 296 receiver with differential GPS 
enabled to give 1m accuracy for the positions and recording updates in location at one second intervals 
for later matching to bird and marine mammal observations. 

  

 

1 The WOW development area, as defined for the DAS included a deeper water area to the west of 
the final boundary of the Option Agreement Area (OAA), awarded by Crown Estate Scotland (CES).  
Hence why the development area referenced here is larger compared to the final OAA which is 
657 km2. 
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2.2 DAS area adjustment 

22 The survey area changed slightly over the survey programme. OWPL commenced DAS ahead of the 
ScotWind leasing round which meant that the survey area was defined as the expected development 
area within the N1 Plan Option, rather than a refined Option Agreement Area (OAA). Therefore, 
between July 2020 and January 2021 the survey area was 1,290km2 comprising the expected 
development area and a 4km buffer.  

23 From February 2021 to September 2022, the survey area was modified slightly to reflect the refinement 
of the preferred OAA (ahead of the ScotWind bid application). This increased the survey area to 
1,321km2 (development area + 4 km buffer) due to a revision of the boundary in the south-east corner. 
This change in area was both absolutely small (31.1 km2) as well as being a relatively very small part of 
the overall survey area (2.4%) or the OAA + 4 km buffer (4%). Despite the refined OAA omitting an 
area in the west, the area was retained during the remaining surveys (Figure 2). 

24 The refinement of the survey area during the DAS was discussed with NatureScot at a consultation 
meeting (18th April 2023) and a letter sent to NatureScot following this meeting to give the background 
to the survey area and explain why OWPL did not consider the change in area to influence the 
Ornithology impact assessment. NatureScot responded (5th June 2023) indicating no further information 
was required ahead of application.  
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Figure 1 WOW survey design with 4km buffer and 2km-spaced transects flown between July 2020 - January 2021 and February 2021 - September 
2022 
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Figure 2  WOW Survey Area with site revisions February 2021 - September 2022 
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2.3 Data review and object detection  

26 Data were viewed by trained reviewers who marked any objects in the footage as requiring further 
analysis, as well as determining which were birds, marine megafauna (defined within this report as 
cetaceans, pinnipeds or other large, non-avian marine fauna) or anthropogenic objects such as ships or 
buoys.   

27 As part of HiDef’s quality assurance (QA) process, an additional ‘blind’ review of 20% of the raw data 
was carried out and the results compared with those of the original review. If 90% agreement was not 
attained during the QA process, then corrective action was initiated: the remaining data set was 
reviewed and where appropriate, the failed reviewer’s data discarded and all the data re-reviewed. 
Additional training was then given to the reviewer to improve performance.  

28 Objects were only recorded where they reached a reference line (known as ‘the red line’) which defined 
the true transect width of 125m for each camera. By excluding objects that do not cross the red line, 
biases to abundance estimates caused by flux (movement of objects in the video footage relative to the 
aircraft, such as where the survey craft is buffeted by airflow) were eliminated. 

2.4 Object identification  

29 Images marked as requiring further analysis were reviewed by the ID Team; ornithologists2 and marine 
mammal specialists3 for identification to the lowest taxonomic level possible and for assessment of the 
approximate age and sex of each animal, as well as any behaviour traits visible from the imagery.  

30 At least 20% of all objects were selected at random and subjected to a separate ‘blind’ QA process. If 
less than 90% agreement was attained for any individual camera then corrective action was initiated: if 
appropriate, the failed identifier’s data were discarded, and the data re-identified. Any disputed 
identifications were passed to a third-party expert ornithologist/marine mammal specialist for a final 
decision. The level of agreement within the QA process was calculated as the final number of 
agreements as a percentage of all identifications subjected for QA for the entire survey.   

31 All objects were assigned to a species group and where possible, each of these then further identified 
to species level. The species identifications were given a confidence rating of ‘possible’, ‘probable’ or 
‘definite’4.  

32 It is important to note that confidence ratings are not standardised. The likelihood of achieving a definite 
or probable identification is not consistent for all component members of a species group. For example, 
someone undertaking identification of a large auk will find it easier to be confident of guillemot 
identification than razorbill. Confidence scores should not be used to filter or weight the probability of 
‘large auk’ being one species or another in any analysis, as this will lead to biased results, particularly if 
the identification rate is low. 

33 Any animals that could not be identified to species level were assigned to a category ‘No ID’ and only 
identified to group level. If, on occasion, the unidentified bird is suspected of belonging to two possible 

 

2  HiDef currently employs four of the ten current members of the British Birds Rarities Committee (‘BBRC’) as 
expert ornithologists 

3      HiDef staff have long-standing experience in marine mammal identification, regularly undertaking boat surveys as 
part of ESAS (European Seabirds At Sea Partnership) and other programmes. They process thousands of cetacean 
images, hold regular internal training sessions and have access to marine specialists within our wider company 
BioConsult SH. 

4      Definite: as certain as reasonably possible. Probable: very likely to be this species or species group. Possible: more 
likely to be this species or species group than anything else. 
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genera, then a broader group category may be used. For example, a bird would usually be assigned to 
the group category ‘Shearwater species’ if identified as a Manx shearwater (Puffinus puffinus), or to ‘Large 
Auk species’ if identified as a guillemot. However, if the bird has the potential to be either, then it would 
be assigned to a wider group category ‘Shearwater / Auk species’ and the species level recorded as ‘No 
ID’. 

34 In the case of birds, additional information was recorded on basic behaviour (i.e. whether the bird was 
sitting; loafing on land or other objects; flying; diving or taking off). Detail was recorded where possible 
on foraging behaviour, approximate age, sex and any other details of interest. Aging of birds was based 
on moults and was conducted where possible on species which show seasonal variation in plumage. 

35 Marine mammals and other marine megafauna were recorded using the same process. Animals were 
first assigned to a species group (e.g. ‘cetacean species’) and then given a species level identification (e.g. 
‘harbour porpoise’, ‘minke whale’ or ‘No ID’). If a precise species group could not be ascertained, then 
the record was assigned to a broader group category (e.g. ‘seal or small cetacean species’) and the 
species level recorded as ‘No ID’.  

36 In the case of marine mammals, surfacing behaviour was also recorded as either ‘surfacing’, ‘surfacing at 
red line’, ‘submerged’ or ‘unknown’. ‘Surfacing at red line’ (or snapshot surfacing) was defined as the 
animal’s dorsal fin being above the water in the frame nearest to the ‘red line’ on the operator’s screen 
and is required for calculation of availability bias (Section 2.5.3). ‘Surfacing’ was defined as any other 
surfacing behaviour that was not snapshot surfacing and included any part of the animal’s body breaking 
the surface of the water in any frame. Sexing and aging of marine mammals was carried out where 
possible. 

37 Anthropogenic activity was recorded as either ‘man-made object’, ‘fishing boat’ or ‘other boat’. Further 
details were noted, including further specifying the type of object (e.g. ‘fishing buoy’, ‘marker buoy’, 
‘wind turbine’).   

2.5 Final processing 

38 All data were geo-referenced, taking into account the offset from the transect line of the cameras, and 
compiled into a single output; Geographical Information System (GIS) files for the Observation and 
Track data are issued in ArcGIS shapefile format, using UTM30N projection, WGS84 datum.  

2.6 Data analysis 

2.6.1 Data treatment 

39 Raw count data were trimmed to the survey area prior to presentation in this report. After basic 
presentation, data were processed to remove dead animals and estimate density, abundance and 
distribution of key species and species groups.  

40 Records identified to species level were separated out from records of individuals identified to group 
level, and the following analyses undertaken on both datasets. All confidence levels of species 
identifications were used in the analysis.  

41 Apportioning of ‘unidentified’ birds and marine mammals to species level was also undertaken for the 
purposes of calculating population estimates. The number of unidentified birds in each species group 
were assigned to species where appropriate, based on their respective abundance ratios. For example, 
if identified guillemots and razorbills occurred in a 4:1 ratio in a survey, then 80% of unidentified birds 
would be assigned to guillemot and 20% assigned to razorbill. 
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2.6.2 Population estimates 

42 Population estimates were calculated for the WOW survey area (development area plus a 4km buffer). 

43 Each strip transect was treated as a statistically independent random sample from the site. The length 
and breadth (i.e. the width of the field of view of the camera) of each transect were multiplied to give 
the transect area; dividing the number of observations for each species on each transect by the transect 
area gives a point estimate of the density of that species for the transect. The density of animals at the 
site (and hence the population size by multiplying by the area of the site), the standard deviation, the 
95% confidence intervals (CIs) and coefficient of variance (CV) were then estimated using a non-
parametric block bootstrap method with replacement (Buckland et al., 2001), to ensure equal transect 
effort was sampled across each bootstrap iteration. This was done by using transect ID as the sampling 
unit with replacement. A group of transects were randomly sampled until their total length equalled 
approximately the same length as the total survey length.  

44 A total of 1,000 bootstrap iterations were performed from which the mean and standard deviation of 
the sampled means were calculated, as well as the relative standard deviation (or CV) as defined by the 
standard deviation divided by the mean multiplied by 100. Data were processed in the R programming 
language (version 4.1.1) and code can be provided on request. 

45 The density estimate is expressed as the average number of animals per square km in the whole survey 
area. The population estimate is expressed as the estimated number of animals within the whole survey 
area. The upper and lower confidence limits (CLs) define the range that the population estimate falls 
within with 95% certainty. The CV is a measure of the precision of the population and density estimates. 

46 For most species these abundance estimates relate to absolute abundance, but for diving species such 
as auks, the abundance relates to relative abundance due to a proportion of animals being submerged 
at the time of survey. In Section 2.5.3 we describe our method for taking account of species availability 
to generate estimates of absolute abundance for auks and harbour porpoise. 

2.6.3 Availability bias 

47 In wildlife surveys, a proportion of seabirds or marine mammals that spend any time underwater, 
especially while feeding, will not be detectable at the surface. This ‘availability bias’ leads to an under-
estimate of their abundance during surveys. For species that make long dives underwater, this bias might 
be significant (for example, guillemot).  

48 There are two main approaches to account for availability bias: by using double platform surveys (for 
example Borchers et al., 2002) which can be logistically difficult to achieve and relatively expensive; and 
by using known data on time spent underwater to apply correction factors to abundance estimates (for 
example Barlow et al., 1988).  

49 Following Barlow et al. (1988) the probability that an animal is available at the surface is calculated as:  

Pr(𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣) =
(𝑠𝑠 + 𝑡𝑡)
(𝑠𝑠 + 𝑑𝑑) 

Where s is the average time spent at the surface, t is the window of time that the animal is within view 
and d is the average time below the surface. In the case of digital video surveys, the value of t is negligibly 
small and is treated as 0.  

50 Due to a lack of diving rate data for many species, availability bias corrections were only conducted on 
four species: guillemots, razorbills, puffins and harbour porpoise. When considering population 
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estimates calculated for other diving species, it should be noted that population estimates for the survey 
area are likely to be underestimated. 

2.6.3.1 Seabirds 

51 Using Barlow’s method, the proportion of time that an animal was available at the surface was calculated 
(Pr (visible)) for guillemot and razorbill. Absolute density, corrected for availability, was then obtained 
by dividing the density of birds observed by Pr(visible).  

52 For guillemots and razorbills, data obtained during the breeding season using data loggers were used to 
estimate availability bias. Thaxter et al. (2010) give mean times for these species engaged in flying, feeding 
and underwater per trip during the chick-rearing period. 

53 Thus, the proportion of time that guillemots and razorbills are available at the surface (Pr(visible)) was 
estimated at 0.7595 and 0.8182, respectively. 

54 For puffins, the results from a study using data loggers reported in Spencer (2012) were used. The 
results show that puffins spend 14.16% of daylight time underwater. This infers that the proportion of 
time that puffins were available at the surface (Pr(visible)) was 0.8584.  

55 The estimates of Pr(visible) for guillemots, razorbills and puffins were used to correct relative abundance 
estimates of birds sitting on the sea. These corrected abundance estimates for sitting birds were then 
added to the abundance estimate of flying birds to give an overall absolute abundance for the species. 

2.6.3.2 Marine mammals 

56 Harbour porpoise abundance is also affected by availability bias, and further complicated because 
detections of animals are possible while they are submerged. The approach to correct for availability 
bias for this species applies a correction factor to the density of animals that were recorded surfacing 
only using data on the surfacing rates from tagged animals; or to apply a correction factor to the density 
of all animals.  

57 Teilmann et al. (2013) provides detailed information which accommodates variation in time of year, 
geographical location and time of day in the proportion of time spent breaking the surface. All of these 
metrics relate to model outputs in Teilmann et al. (2013) and are used to refine the predicted amount 
of time that harbour porpoise spend surfacing in the outputs.  

58 The tagging study of Teilmann et al. (2013) did not extend to the area of the northeast Atlantic/North 
Sea surrounding this project but no other data are available on surfacing behaviour for this species in 
the relevant area. For our analysis, we assumed that diving behaviour in the survey area was comparable 
to that of the North Sea data collection area of Teilmann et al. (2013). 

59 To estimate the density of surfacing harbour porpoise, we first calculated the proportion of animals 
snapshot surfacing. Snapshot surfacing indicates where the dorsal fin is clear of the water surface in the 
middle frame of the sequence in which the animal is present. By using the snapshot surfacing detections, 
we subsample the data to mimic the surfacing behaviour category in Teilmann et al. (2013) which 
corresponds to periods when the transmitter on the dorsal fin of tagged animals is completely clear of 
the water. This was done using data combined from all surveys because sample sizes were too small to 
be accurate when calculating the surfacing proportions in individual surveys. We then multiplied the 
calculated density of all harbour porpoise by the proportion of snapshot surfacing encounters in our 
surveys to estimate the density of surfacing harbour porpoises. Finally, this was then divided by the 
proportion surfacing from Teilmann et al. (2013) in Table 1, to derive the estimates of absolute density 
and abundance. 
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rotationally symmetric and easy to compute. The shape of the Gaussian is determined by a single width 
parameter; the selection of this parameter is the only variable in the computation of the density maps.  

63 Rather than set the width parameter arbitrarily, we have used a leave-one-out cross validation method. 
Cross validation estimates the predictive power of a model by removing some of the data from the data 
set and using the remainder of the data and the model to predict the values for the data that was 
removed. The closer the predicted values represent the removed data, the better the model 
performance and the width parameter used in the model. 

64 To apply cross validation to the survey area, each transect is subdivided into km long segments. To 
evaluate a particular choice of kernel width, each segment is removed in turn, using the kernel and the 
remaining data to predict the density of the missing segment and subtract the known value from the 
prediction to obtain an error score. This process is repeated for every segment and the error scores 
for all segments are squared and summed to give a total performance score for that particular choice 
of kernel width. The kernel width is then varied and the process repeated; if the new score is lower 
than the old, the new kernel width is a better choice than the previous value. An exhaustive search 
over all kernel widths is then used to identify the best global choice. The result of the process is a 
smooth density estimate which has been derived without any manual parameter selection. The whole 
process is repeated from scratch for each map, as different kernel sizes are appropriate for different 
species.   

65 It should be noted that several of the KDE maps are effectively ‘flat’ (i.e. they appear uniform in colour). 
These correspond to distributions where the density surface as obtained from a small local kernel was 
not effective at predicting missing data; this can happen with evenly distributed birds but can also happen 
for very sparse distributions. In the case of sparse distributions, the ‘flat’ map does not necessarily mean 
that the true underlying distribution is ‘flat’; it could mean that the data doesn’t contain enough evidence 
to determine what the underlying distribution is. It is therefore useful to refer back to the population 
estimates for the corresponding map when looking at these ‘flat’ densities; we have also overlaid the 
relevant observations as dots to help with interpretation of the maps. In extreme cases, the maps were 
not included in the results section, and the data presented as dot maps. 

66 For less abundant bird and non-avian species, as well as those identified to group level, distribution is 
illustrated by dot maps only.  

2.6.5 Flight direction of seabirds 

67 Wind rose diagrams were created to present the flying direction of seabirds, where each cardinal point 
(N, E, S, W) and intercardinal point (NE, SE, SW, NW) indicates the total number of birds recorded 
flying in that direction in each survey. 
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3 Results 

3.1 Survey effort 

68 The date, number of transects and survey effort (i.e. length of transects) undertaken between July 2020 
and September 2022 are shown in Table 2. The number of transects and the total length of transects 
are those used in subsequent analysis (see Figure 3 to Figure 5 for the aircraft flight pattern). Variation 
in presentation of track data is due to differing GPS records in the equipment; frequency of the GPS 
records can occasionally vary for the flight pattern. This does not affect location data for the 
observations recorded. 

69 The same transect lines were used for each survey, although effort may have differed slightly between 
surveys. This can be caused by minor differences in the start and stop times for transects and minor 
deviations of the aircraft from the transect line.  In a model-based sampling framework, minor variations 
in coverage between surveys can be accommodated.   

 





  
  

 

 
 
 

 31 OF 231 

DOCUMENT NUMBER: HP00126-703-04   

DATE: 31 January 2024 

ISSUE: 4 

CONFIDENTIAL UNTIL DISSEMINATED BY OWPL 

Figure 3 Flight pattern for surveys flown between July 2020 and June 2021 over the WOW survey area 
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Figure 4 Flight pattern for surveys flown between July 2021 and June 2022 over the WOW survey area 
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Figure 5 Flight pattern for surveys flown between July and September 2022 over the WOW survey area 
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3.2 Survey results  

70 Each animal was assigned to a species group, and where possible these were also assigned a species 
identification with confidence levels of ‘Possible’, ‘Probable’ or ‘Definite’. Any animals that could not be 
identified to species level were assigned to a category ‘No ID’. The analysis of data to species level uses 
all levels of identification confidence. The overall identification rate of birds and non-avian animals to 
species level (not including ‘No ID’s) for the 27 surveys are given in Table 3. 

71 The total number of objects detected in each survey flight, as well as numbers of species and species 
groups are presented in Table 4 to Table 9. 
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4 Discussion 
147 The surveys recorded a total of 27,244 birds of 32 species and 414 non-avian animals of 12 species, in 

addition to 34 dead birds and one dead non-avian animal. A further 915 birds and 77 non-avian animals 
were recorded which were not assigned to a species. In addition, one bird species was observed as 
dead. An identification rate to species level of 96.99% was achieved throughout the 27-month period.  

148 Kittiwakes were recorded in relatively low numbers during the breeding season, with peaks observed 
in March and July 2022, coinciding with the autumn post-breeding and spring return migrations. Other 
peaks were observed in March 2020 and 2021 at the beginning of the breeding season before decreasing 
over winter. Typically, kittiwakes will be strongly associated with colonies between May and June 
(Coulson, 2011), with egg-laying occurring in late May, incubation lasting around 25-32 days and chicks 
fledging around 43 days later approximately at the end of July (Gilbert et al., 2011). The decreasing 
presence of birds during the breeding season, and particularly the large proportion of flying adults 
recorded, suggests the area is not intensively used for foraging during incubation or chick-rearing but 
more heavily utilised by birds moving to their offshore wintering areas. Approximately ten breeding 
colonies are within the kittiwakes foraging range (mean max 156.1km ±144.5 SD; Woodward et al., 
2019), spread across the west of Scotland, northern Scottish coast and Orkney (Furness, 2015) the 
closest being Sule Skerry and Sule Stack SPA, which overlaps with the 4km buffer. 

149 Great black-backed gulls were most abundant during the non-breeding. The species is a qualifying species 
for the nearby Hoy SPA, indicating the presence of breeding birds close to the survey area. It is possible 
that the birds recorded in the survey area over the winter period are birds from these colonies which 
have migrated offshore post-breeding to spend the winter offshore in addition to those migrating from 
higher latitudes.  

150 Guillemots were the most abundant species recorded, with peaks in records generally occurring during 
the autumn post-moult dispersal period, e.g. July 2022. Higher abundance estimates prior to the start 
of the breeding season in April 2021 may be attributed to the presence of birds returning to colonies 
after spending the winter offshore. The peak in July 2022 suggests the site is also utilised by birds 
beginning to disperse to their winter areas (post-moult dispersal). Multiple SPAs within 30km from the 
survey area are designated for the protection of breeding and migratory guillemots, including the 
overlapping Sule Skerry and Sule Stack SPA, which is used by more than 10,000 individuals (in 2018; 
BTO, 2022) and the North Caithness Cliffs SPA, estimated to hold 1% of the North Atlantic 
biogeographic population (11,100 individuals in 2016; BTO, 2022).  

151 Razorbills were recorded intermittently throughout the 27-month period, peaking in September 2022, 
during the post-breeding migration. The relatively high density at this time, coupled with the relatively 
low number of adult-chick pairs, suggests the site is primarily used for post-breeding dispersal to over-
wintering areas. Occurrence of the species within the survey area is to be expected since the North 
Caithness Cliffs SPA (approx. 30km from the survey area) holds approximately 3% of the GB population 
(NatureScot, 2018), indicating the presence of nearby suitable habitat. Other SPAs of note are Cape 
Wrath SPA (approx. 30km from the survey area) and further afield, North Rona and Sula Sgeir, West 
Westray, and Handa SPAs, the later holding 1.9% of the A. t. islandica biogeographic population with 
more than 16,000 individuals recorded using the site (JNCC, 2015h). 

152 Puffins were relatively abundant, with relatively high abundance observed during the breeding season. 
Eggs are laid in mid-April, incubated for 36-45 days, with chicks fledging 38 days after hatching (Gilbert 
et al., 2011). Marked increases in the number of puffins in May and June coincides with approximate 
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hatching and may suggest birds are utilising the site to forage during the chick-rearing period. Relatively 
high numbers from July to September coincide with post-breeding migration as birds disperse from their 
colonies. Puffins’ relatively large foraging range (mean max 137.1km ±128.3 SD; Woodward et al., 2019) 
means the birds observed are potentially coming from a range of breeding colonies in the North Sea. 
However, it is likely that many of these individuals are linked to the overlapping Sule Skerry and Sule 
Stack SPA, which holds more than 47,000 apparently occupied burrows (AOB) in 2018 (BTO, 2022) 
and 5% of the F. a. grabae biogeographic breeding population (JNCC, 2015b). 

153 Fulmars were one of the most abundant species, with high abundance generally observed over the non-
breeding wintering period. Generally, fulmars move further offshore to spend the winter at sea when 
there is less requirement to return to coastal breeding colonies as frequently, with many birds travelling 
back to coastal areas for the breeding season at the start of April (Edwards et al., 2013). High abundance 
in March could indicate movement back into the area prior to the start of the breeding season. The 
presence of the species within the survey area is to be expected, with the nearby Hoy SPA supporting 
6% of the GB population, in addition to the North Caithness Cliffs SPA which supports around 3% 
(SNH, 2009a; NatureScot 2018).  

154 Gannets were recorded throughout the survey period, with records peaking towards the end of the 
usual breeding season and into the post-breeding migration period. A total of 32 birds were recorded 
as dead throughout the survey period. Similar proportions of flying and sitting birds indicates the survey 
area is utilised for both passage and foraging. Proximity of the survey area to the gannetry located at 
Sule Skerry and Sule Stack SPA is likely to influence abundance of the species in the survey area, with 
the area known to support nearly 6,000 pairs, 2.2% of the world biogeographic population (SNH, 2009b). 
Gannets are wide-ranging (mean max 315.2km ±194.2 SD; Woodward et al., 2019), therefore the 
gannets observed could have travelled from the numerous breeding colonies present around the survey 
area, such as those at the North Rona and Sula Sgeir SPA; the Foula SPA; the Fair Isle SPA; or the West 
Westray SPA (Furness, 2015). 

155 European storm petrels and great skuas were recorded intermittently during the breeding season. The 
Sule Skerry and Sule Stack SPA which overlaps the survey area supports between 1 and 6% of GB 
population of European storm petrel and the nearby Hoy SPA supports approximately 14% of world 
biogeographic population of great skua. respectively. Other species such as Arctic terns and great black-
backed gulls (qualifying species for the nearby Hoy; Pentland Firth Islands; Rousay; West Westray; Handa 
and Copinsay SPAs), were recorded. Goose species were observed exclusively in October 2021, such 
as greylag and pink-footed geese. Multiple shearwater species were also recorded, including Cory’s 
shearwater, Manx shearwater, Great shearwater and Sooty shearwater.  

156 Harbour porpoise were the most abundant marine mammal encountered, peaking in September 2021, 
with an estimated absolute density of 0.75 porpoise/km2 (43.02% CV). Relative density in July 2020 and 
July 2021 was estimated at 0.01 porpoise/km2 and 0.02 porpoise/km2 respectively, in comparison to a 
density of 0.308 porpoise/km2 (27.3% CV) and 0.152 porpoise/km2 (27.9% CV) from visual aerial surveys 
within the SCANS-III survey Blocks K and S surveyed in July 2016 (Hammond et al., 2021). As the most 
common cetacean species present in the North Sea and wider UK waters (Hammond et al., 2021), it is 
not unexpected that this species was the most abundant non-avian animal recorded.  

157 White-beaked dolphins were the second most abundant marine mammal species recorded. Evans et al. 
(2011) noted that peak sightings of this species in northern Scotland occur between June and October, 
although they have been recorded year-round. Data from this report indicate the species is relatively 
abundant over winter, e.g. February 2022. During the survey period, the peak estimated density was 
0.15 dolphins/km2 (55.50% CV; February 2022). However, in July 2021, relative estimated density was 
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0.01 dolphins/km2 (91% CV) compared to a mean density of 0.21 dolphins/km2 (52.9% CV) and 0.02 
dolphins/km2 (69.0% CV) from visual aerial data collected in SCANS-III survey Blocks K and S 
respectively (which overlap the survey area), surveyed in July 2016 (Hammond et al., 2021). 

158 An additional ten non-avian animal species were recorded during the survey period including 94 lion’s 
mane jellyfish, 42 common dolphins and 19 Risso’s dolphins.  Anthropogenic activity was also recorded 
in the majority of surveys with fishing buoys being the most numerous.   
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5 Conclusions 
159 The provision of high-resolution digital aerial video surveys provided spatial distributions of marine birds, 

marine mammals and other marine megafauna in the WOW project area, off the west coast of Orkney, 
Scotland. The survey design allowed repeatable estimates of species abundance, and the digital aerial 
platform provided a unique, auditable record of species detections.  

160 The surveys recorded a total of 27,244 birds of 32 species and 414 non-avian animals of 12 species, in 
addition to 34 dead birds and one dead non-avian animal. A further 915 birds and 77 non-avian animals 
were recorded which were not assigned to a species. In addition, one bird species was observed as 
dead. An identification rate to species level of 96.99% was achieved throughout the 27-month period.  

161 The changes in the numbers of seabirds recorded across the wider avian breeding season is consistent 
with the project’s proximity to seabird breeding colonies in along the islands and coastline of north 
Scotland, such as those at Sule Skerry and Sule Stack SPA and Hoy SPA. Several seabird species appear 
to also use the area during the non-breeding season including great black-backed gull and fulmar.   

162 Marine mammal abundance of marine mammals varied, with white-beaked dolphin and harbour porpoise 
being the most numerous.  
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Appendix I: Density and population estimates 
163 The density, total estimated population, upper and lower 95% CLs, standard deviation and CV for each 

species and species group have been calculated using strip transect analysis and are presented here for 
each of the surveys undertaken.   
























































































































