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Executive Summary 

Fine-scale aerial surveys were conducted in summer, autumn and winter 2016 to assess the 

occurrence and distribution of seabird species in the Irish Sea. Fifty-five parallel survey transects 

spaced approximately 2 nautical miles (3.7km) apart, and on average 20-30 nautical miles in length 

covered the western Irish Sea. Surveys were flown using a fixed wing, twin engine Britten-Norman 

Islander fitted with bubble windows to provide an unobstructed view of the sea below. Observers 

recorded all seabirds within a fixed 200m strip width either side of the aircraft. Accounting for the 

200m strip width on either side of the plane and any periods where either one or both sides were ‘off 

effort’ due to cloud or glare, a total of 916.7 km2 surface area was surveyed in summer, 877.7 km2 was 

surveyed in autumn, and 882.6 km2 was surveyed in winter. Over the survey period, there were 

13,492 sightings of 45,409 seabirds, representing 29 seabird species or species groups. Sightings, 

density distributions, habitat associations, and abundance estimates for the entire survey area are 

presented on a species by species basis for all three seasonal survey periods. Overall distribution of 

seabird density and species richness are provided, highlighting the changing distribution of seabirds 

seasonally. Seabird abundance estimates suggest that the survey area supported some 97,326 seabirds 

during the 2016 breeding season, 299,122 seabirds during the autumn of 2016, and 87,180 seabirds 

during the 2016 winter period. Comparison with other survey data in the Irish Sea provides 

important insights into the seasonal and interannual variability in seabird distribution and abundance 

in the Irish Sea. The results of these new and extensive surveys are intended, among other things, to 

inform the assessment of risk to protected species and their habitats from a range of human activities 

(e.g., through man-made disturbance or operational interactions) and also the ongoing assessment of 

conservation status for seabird species. 

 

 

 

 

 

 

 

Survey aircraft passing Cork. Photo: Mark Jessopp  
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1. Introduction  

1.1. Background 

The coastal waters of Ireland are likely to be of global importance for several species of resident and 

migratory marine birds. Many marine bird species utilize shallow productive waters at different 

stages of their annual cycle, and their diet and phenology provide insight into lower trophic levels 

and yearly environmental conditions (Schroeder et al. 2009), making them excellent indicators of 

ecosystem health. Of the 52 species of seabirds recorded in Irish waters, ten are listed in Annex I of 

the EU Birds Directive (79/409/EEC), and a further 20 listed as Birds of Conservation Concern in 

Ireland (BoCCI) (Mitchell et al. 2004, Colhoun and Cummins 2013). As a member state of the 

European Union, Ireland is obliged to classify the most suitable territories in numbers and in size as 

Special Protection Areas (SPAs) for the conservation of certain wild bird species both on land and in 

marine waters (Directive 2009/147/EC). As of 31/10/2013 Ireland has designated 154 SPAs with 89 of 

these having a marine component1. In total, the marine SPA footprint extends to approximately 1593 

km2. SPA designation must be based on a good understanding of the spatial and temporal patterns of 

seabird distribution. At-sea seabird surveys are an excellent way of obtaining this information for 

multiple species over large scales. One such source of data is from ship-based surveys routinely 

conducted under the auspices of the European Seabirds At Sea (ESAS) programme, with a database of 

sightings data administered by the Joint Nature Conservation Committee (JNCC) in the UK. ESAS 

surveys are conducted using a combination of dedicated surveys and ships of opportunity, collected 

from a number of different sources, e.g. University of Lund (Sweden); Tidal Waters Division (the 

Netherlands), and University College Cork (Ireland) who all adhere to standard ESAS survey 

protocol. Data are predominantly made up of line transect data (300m width) continuously recording 

swimming birds, and snap-shot data, recording flying birds at set intervals. However, while ESAS 

surveys have been ongoing since the 1970s, coverage of survey effort is spatially and seasonally 

patchy. In many areas, in order to get sufficient spatial and seasonal coverage, data must be 

aggregated over timescales that will likely incorporate considerable population change or widespread 

changes in the environment leading to changes in distribution. This makes the database unsuitable for 

identifying spatial and temporal patterns of seabird distribution in many areas where data coverage is 

poor, and further limits its use for assessing environmental impacts or identifying Important Bird 

Areas (IBAs), which are increasingly being used to inform designation of marine Natura 2000 sites 

under the EU Birds Directive and Habitats Directive (EC 2010). Currently, protected areas for seabirds 

are often designated as seaward extensions of land-based breeding colonies, but this approach may 

not always encompass key feeding areas further offshore, particularly for species with large foraging 

ranges during the breeding season, or during the non-breeding period. 

 

In spring 2015, UCC was awarded a contract by Department of Communications, Energy & Natural 

Resources in partnership with the Department of Culture, Heritage and the Gaeltacht, to extensively 

survey Irish offshore waters under the ObSERVE programme. An extension to the contract extended 

survey coverage to the Irish Sea, including a defined inshore subsection of the Irish Sea to be 

                                                           
1 https://circabc.europa.eu/sd/a/a211d525-ff4d-44f5-a360-e82c6b4d3367/IE_A12NatSum_20141031.pdf 

https://circabc.europa.eu/sd/a/a211d525-ff4d-44f5-a360-e82c6b4d3367/IE_A12NatSum_20141031.pdf
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surveyed at an altitude of 250 feet (76m) using a strip transect methodology during the breeding 

season (June – early July), the post-breeding season (late August – September) and winter (late 

November- early January). Key informational outputs from the fine-scale surveys were to include: 

 

 Winter, breeding and post-breeding density and abundance estimates for key seabird species; 

 Identification where possible of important marine areas for target species or functional 

groupings; 

 Identification where possible of important marine areas/features for overall species 

richness/diversity. 

This volume reports on the results of the fine-scale seabird surveys. 
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2. Methods 

2.1. Survey design and data collection 

Fine-scale aerial surveys for seabirds were conducted in the Irish Sea in Summer, Autumn, and 

Winter 2016. Aerial surveys for seabirds have a number of advantages over other methods. Given 

their capability for covering large areas in a short period of time, aerial surveys enable researchers to 

take advantage of small weather windows and reduce the potential for under or over recording birds 

that may move around within the study area within the survey period. Another benefit of aerial 

surveys is that aircraft do not attract certain species of seabirds, which can be a particular problem for 

boat surveys (Spear et al. 2004). Boat surveys also suffer from potential biases associated with birds 

being disturbed by the presence of vessels (Borberg et al. 2005, Schwemmer et al. 2011). However, 

while disturbance issues are far less acute for visual aerial surveys, they may still exist (Buckland et 

al. 2012).  

Surveys were conducted using a Britten-Norman (BN-2) Islander operated by Aerosotravia based in 

Cork regional airport for summer and winter surveys, and Waterford airport for autumn surveys. The 

aircraft was a fixed high wing, twin-engine aircraft suitable for offshore survey work, and was fitted 

with bubble-windows to afford observers unrestricted views of the sea beneath the aircraft. Target 

weather conditions for aerial survey work were prescribed as wind strength of Beaufort Force 3 or 

less, with good visibility (1km or more). Flying speed was 90 knots (167km/hr) at an altitude of 76m 

(250 feet) above the sea surface. Fifty-five parallel survey transects spaced approximately 2 nautical 

miles (3.7km) apart, and between 20-30 nautical miles in length covered the east coast of Ireland in the 

Irish Sea. The parallel line design sought to cover all the shallower sand banks in the western Irish 

Sea, which broadly run in a north-south direction, while also taking in aquatic habitat adjacent to the 

banks (Figure 1). 

Four scientific crew members were aboard in addition to the pilot. Two observers sat at bubble 

windows on the left and right sides of the aircraft, with the remaining members acting as data 

recorders for environmental and sightings data, entering data onto iPads running a tailored data 

collection application ‘buttons event recorder’ (see Figure 2).  The touchscreen entry system enabled 

date/time stamped records to be inputted quickly given that seabird sightings often occurred in rapid 

succession. The iPads were connected via Bluetooth to a GPS (BadElf GPS PRO) recording aircraft 

location every second so that all sightings were automatically given a location. Beaufort sea state, 

glare severity and cloud cover were recorded at the beginning of each transect and whenever 

conditions changed. Due to the exceptionally high number of seabird sightings in the Irish Sea, 

distance band methodology extending to 1km either side of the aircraft as recommended by 

Camphuysen et al. (2004) was unfeasible. Therefore, seabirds were recorded using strip transect 

methodology, with all sightings within 200m of the trackline on each side of the plane recorded.  

When seabirds came abeam of the aircraft, a date/time stamped record was produced consisting of 

species ID, behavior (flying, sitting, feeding, flushed, diving), and group size. Species were identified 

to the lowest taxonomic level whenever possible.   
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Figure 1.  Map showing parallel transects flown in summer, autumn and winter 2016 in the Irish Sea. 
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Figure 2. Screenshots of the iPad data logging system showing the data entry screen with date/time stamped observation linked to GPS co-ordinates, data entry screen with 

drop-down menu for selecting gull species, and example summary data screen of observations prior to export. 
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2.2. Data handling and analysis  

Daily data files were downloaded from the iPad software and backed up onto external hard drives in 

several locations. Sightings data were merged with the GPS track of the aircraft into one file 

containing all flights, GPS locations, sightings, weather conditions and observer information 

(including periods where observers may have been ‘off effort’ due to cloud or glare) in .csv format. 

Information on Beaufort sea state was plotted for each survey using ArcGIS 10.2. Sightings were 

summarised by number of individuals and the number of sightings per species for each survey. Track 

lines and sightings were plotted in ArcGIS 10.2 and exported as GIS shapefiles and summary maps. 

A primary assumption of the strip width methodology is that 100% of seabirds are seen and recorded. 

While this is likely to be an overestimation of actual detection leading to an underestimate of density, 

this has been shown to be a reasonable assumption for aerial surveys for seabirds, including highly 

conspicuous species such as gannets (Morus bassanus) and more cryptic species such as auks, within 

a 150- 230m strip width (Certain and Bretagnolle 2008), and the 200m half strip width has been 

successfully adopted in other studies investigating the density and abundance of seabirds at sea in the 

northeast Atlantic (e.g. Pettex et al. 2017). The density of seabirds was calculated in a 4x4km grid 

across the survey area. This represented the smallest grid cell size that resulted in no blank cells with 

zero survey effort, and enabled an overall abundance of seabirds to be calculated without the need to 

model across gaps in survey coverage. The 4x4 km grid was generated using the ‘create fishnet’ tool 

in ArcGIS 10.3 and all records occurring within grid cells associated using spatial statistics tools. 

There were a total of 573 grid cells surveyed. Total area surveyed within each grid cell was 

determined by calculating cumulative distance travelled between successive GPS points within cells 

and multiplied by survey strip width (400m, or 0 where observers were off effort due to low cloud). 

Out of the 573 grid cells surveyed, there were 16 grid cells (2.7%) where observers were recorded as 

off effort (due to low cloud) for a portion of the transect within the cell. On average, across all 

seasons, 10% of the sea area within each grid cell was surveyed. The total number of seabirds 

recorded within each 4x4km grid square was divided by the total area surveyed (accounting for strip 

width and any periods ‘off effort’) within each cell to give a density of seabirds/km2 on a species-by-

species (or species group where applicable) basis and mapped using ArcGIS 10.3. Estimates of seabird 

abundance across the entire survey area (N.total) for each season were determined by multiplying the 

density of seabirds in each grid cell by the grid cell area, and then summing across all grid cells. This 

method assumes that the density of seabirds in the area surveyed is representative of the wider area 

within the grid cell. Considering the relatively small area of grid cells, the lack of large variation in 

environmental conditions at this scale, and the relatively high proportion of area surveyed within 

them, this is a reasonable assumption. A variance estimate (CV) for abundance was obtained by 

dividing the standard error around mean density by mean density across all grid cells. This produces 

wider confidence intervals around estimates than combining variance estimates of encounter rate and 

group size within cells, and is more appropriate given that we cannot account for availability or 

detection bias, and how these may be influenced by environmental conditions such as sea state when 

assuming 100% detection within a 200m strip width either side of the aircraft. Upper and lower 95% 

confidence intervals were obtained using the CV and assuming the estimates are lognormally 

distributed (a common practice for abundance estimates) using the following equations: 
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c = exp(1.96*sqrt(log(1+CV2))) 

lower 95%CI = N.total/c 

upper 95%CI = N.total*c 

 

Seabird species richness was also calculated for each grid cell by summing the number of unique 

species or species groups occurring within each grid cell. Higher taxonomic groupings were only 

included if there were no species-specific observations present in the grid cell (e.g. ‘large or small gull 

species’ were only included if no other gull species had been recorded within the same grid cell). All 

observations were included in abundance and density distributions, irrespective of whether birds 

were recorded in flight or on the water, as this best reflects the actual density and abundance of 

seabirds occurring in the survey area. For information, Table 1 shows the proportion of individuals 

recorded on water for more commonly sighted species. 

 

Table 1. Commonly recorded seabirds indicating the proportion of observations occurring on water (either 

sitting, feeding, or flushed) as opposed to in flight. 

Species 

Total 

individuals 

number 

on water 

% on 

water 

Arctic/common tern 1235 135 11 

Common scoter 1183 696 59 

Diver spp. 1135 1025 90 

Cormorant/Shag 543 326 60 

Fulmar 1533 1273 83 

Greater black-backed gull 143 57 40 

Herring/Common gull 2726 1180 43 

Black-backed gull 336 175 52 

Kittiwake 2421 812 34 

Large gull spp. 1346 1063 79 

Small gull spp. 970 748 77 

Manx shearwater 4736 2224 47 

Northern gannet 1192 548 46 

Razorbill/Guillemot 24763 23229 94 

 

Potential relationships between species occurrence and bathymetric features such as shallow sandbar 

areas were explored using density distributions of sightings with accompanying depth information. 

High-resolution bathymetric data for the survey area was downloaded from the EMODNET data 

portal (http://portal.emodnet-bathymetry.eu/?menu=19) and imported into ArcGIS 10.3. Bathymetry 

values were extracted for each sighting as well as the GPS locations of the plane along transects (to 

give a profile of available depth strata across the survey area) using the ‘extract values to points’ tool 

in the ArcGIS Spatial analysis toolbox. The density of sightings occurring over all water depths was 

http://portal.emodnet-bathymetry.eu/?menu=19)
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plotted and superimposed over the density of available water depths using the ggplot2 package in the 

R statistical framework. Kernel utilization distributions (UDs) were used to investigate seasonal 

changes in the distribution of sightings, highlighting areas of highest sightings density. For all 

species, the 25% UD was calculated in the adehabitatHD package in R. This gives the minimum area 

encompassing 25% of observations for each species/season combination, noting that these areas 

contain sightings that may include a range of behaviours including transit, rest, foraging, preening 

etc. Utilization distributions are therefore not intended to delineate important areas for protection to 

meet obligations under the EU Birds and Habitats Directives, but to identify areas of high sightings 

density which may give insights into features underlying the distribution of species in time and 

space. 10% and 50% UDs were also calculated for key species of interest, including cormorant/shag 

(Phalacrocorax spp.), diver spp. (Gavia spp.), black-legged kittiwake (Rissa tridactyla), scoter spp. 

(Melanitta spp.), and razorbill/guillemot (Alca torda/Uria aalge). Outputs were visualized in the 

geographic projection WGS84 using the ggplot2 package in R, with UDs for each season overlaid to 

give an indication of consistency or variability in areas of highest sightings density across seasons. 

 

3. Results 

3.1. Survey effort  

Summer surveys were conducted on 18th and 23rd June, and 3rd and 5th July 2016. Autumn surveys 

were conducted on 15th, 17th, 19th and 20th September 2016, while winter surveys were conducted on 

29th, 30th November, 1st, 19th December 2016, and 19th Jan 2017. Surveys associated with offshore 

transects (reported in Rogan et al. 2018) were prioritized when weather conditions allowed surveys in 

both the Irish Sea and offshore areas. Accounting for the 200m strip width either side of the plane and 

any periods where observers were ‘off effort’, a total of 916.7 km2 surface area was surveyed in 

summer, 877.7 km2 was surveyed in autumn, and 882.6 km2 was surveyed in winter, representing 

10%, 9.5% and 9.6% of the approximately 9184 km2 survey area in summer, autumn and winter 

respectively. A minimum of 97.4% of all survey effort occurred in Beaufort sea state of 3 or less in all 

seasons. Excellent conditions in the Irish Sea during all surveys enabled at least 46% of all survey 

effort to occur in Beaufort sea state 0 or 1 (see figure 3.).  
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Figure 3. Sea state encountered during low level surveys in the Irish Sea in summer, autumn and winter 2016. 

97% of all survey effort in all seasons occurred in Beaufort sea state 3 or less. 

Despite the assumption that 100% of seabirds were seen within the 200m strip transect either side of 

the aircraft, there was some evidence that Beaufort sea state affected detectability of seabirds, with a 

slight decrease in overall encounter rates (number of sightings per unit effort) from sea state 0–4 

(Figure 4). A breakdown of encounter rates for those species with enough sightings across seasons 

and sea states also showed a general decrease in sightings rates with increasing sea state that was 

relatively consistent across species and seasons (Figure 4), with the exception of northern fulmar 

(Fulmaris glacialis), which had slightly higher sightings rates in higher sea states. However, the 

decrease was not particularly large, and it should also be noted that the majority of survey effort 

(83.3%) occurred in sea state 0-2, where encounter rates were highest, with only 15.4% of all survey 

effort in sea state 3, and 1.3% in sea state 4. Therefore, detectability bias due to sea state is unlikely to 

have a large effect on resulting density or abundance estimates. 
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Figure 4. Overall encounter Rate (number of sightings per unit survey effort) of seabirds in different Beaufort Sea 

State, all seasons/species combined (top), and species-specific encounter rates in each season (bottom panels), 

blue=summer, red=autumn, green=winter surveys. 
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3.2. Seabird sightings summary 

Over the survey period, there were 13,492 sightings of 45,409 seabirds representing 29 seabird species 

or species groups (Table 2). When individuals could not be identified to species level, they were 

grouped into higher taxa categories, for example common/herring gull (Larus spp.), cormorant/shag, 

large gull species, tern species etc. Where unidentified species are reported (e.g. tern species), 

numbers indicate only those individuals that could not be identified, and not all birds that would fall 

into the category (e.g. ‘tern species’ only includes those individuals that could not be identified to 

lower taxonomic level, and will not include otherwise identified roseate (Sterna dougllii), sandwich 

(Thalasseus sandvicensis), common/Arctic (Sterna spp.) or little terns (Sternula albifrons)). Some seabird 

species were sighted infrequently, e.g. great skua (Stercorarius skua), black guillemot (Cepphus grylle), 

and velvet scoter (Melanitta fusca), whereas other species were seen during all seasons. 

Razorbill/guillemots were the most frequently sighted and abundant species in all surveys, while 

there were also frequent sightings of northern gannets, northern fulmar and gull species. 

 

Table 2. Seabird sightings summary for low level aerial surveys for seabirds in the Irish Sea in 

summer, autumn and winter 2016. Sight. indicates the number of sightings, Indivs. Indicates 

the total number of individuals counted. 

 

summer autumn winter 

Species Sight.  Indivs. Sight.  Indivs. Sight. Indivs. 

Northern gannet 194 331 445 828 27 33 

Cormorant/shag 53 255 50 182 71 106 

Northern fulmar 41 59 571 1337 75 137 

Great skua   

 

3 4 1 1 

Herring/common gull 207 568 145 890 412 1268 

Black-headed gull 6 17 12 67 79 214 

Lesser black-backed gull   

 

25 31 8 8 

Greater black-backed gull   

 

74 95 34 48 

Black-backed gull species 55 77 42 88 72 171 

Little gull   

 

    37 80 

Black-legged kittiwake 309 499 326 1355 310 567 

Large gull spp. 9 43 41 724 62 579 

Small gull spp. 38 63 31 763 97 144 

Manx shearwater 790 3669 80 1062 2 5 

Shearwater spp. 3 7     2 4 

Petrel spp. 1 1 7 9     

Atlantic puffin 23 26 1 1     

Black guillemot 5 6 2 6     

Razorbill/Guillemot 1800 3849 3496 16444 2245 4470 

Auk spp. 20 135 2 31     

Arctic/Common tern 299 498 144 737     

Roseate tern 66 131 13 34     

Sandwich tern 39 60 21 30     

Little tern 52 72 23 65     

Tern spp. 7 8 1 4     

Common scoter   

 

31 855 41 328 

Velvet scoter   

 

6 9 9 30 

Scoter spp.   

 

6 45 4 11 

Diver spp. 4 4 115 879 170 252 

 



ObSERVE Irish Sea seabird surveys 

____________________________ 

 16 

3.3. Species Accounts  

3.3.1. Northern gannet  

A total of 666 sightings comprising 1192 northern gannets occurred over the three surveys. Northern 

gannet were predominately seen in the more northerly transects in the Irish Sea, and were far more 

common in summer and autumn surveys (Figure 5). Although most sightings were of single 

individuals or small groups, some observations of flocks of over 20 individuals were noted, 

particularly in autumn surveys. Very few sightings of northern gannets were made in winter surveys 

in the Irish Sea. During winter, sightings were exclusively of adult birds. There was no apparent 

depth preference for northern gannets, with sightings occurring across the range of available depths 

within the survey area (figure 6). Mean density of gannets across the survey area ranged from 0.88 

birds/km2 in autumn, 0.33 birds/km2 in summer and 0.03 birds/km2 in winter (figure 7).  

25% utilisation distribution of all gannet observations showed a high degree of seasonal overlap, and 

highlighted the central survey area as an area of consistently high sightings density (figure 8). In 

particular, the waters around Lambay Island where there is a gannet breeding colony were important 

year-round. Abundance of northern gannet across the survey area was estimated at 3,228 (95% CIs 

2,425 – 4,296) individuals in summer, 8,059 (95% CIs 6,396 – 10,154) in autumn, and 315 (95% CIs 226 – 

438) in winter.  

 

Figure 5. Sightings of northern gannet in summer, autumn, and winter survey periods in the Irish sea. Grey lines 

indicate the survey tracklines separated by approximately 2 nautical miles. 
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Figure 6. Density (individuals per km2) distribution of northern gannet sightings over water depths. Dotted line 

indicates the range of depths available across the survey area. 

 

Figure 7. Density distribution of northern gannets in the three survey periods, summer, autumn, and winter 

2016. Values represent the density of birds per km2 in 4x4km grid cells across the survey area. 
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Figure 8. Seasonal 25% utilization distributions for northern gannet in the Irish Sea demonstrating a high degree 

of overlap in important areas for this species across seasons. 

 

3.3.2. Cormorant and shag 

Cormorants and shags could not be differentiated by eye during surveys and were grouped together. 

There were 174 observations of a total of 543 birds across all three survey periods (figure 9). All 

sightings were coastal, consistent with a restricted foraging range reported for both of these species. 

There was a clear peak in the distribution of sightings over water depths around 10m indicating a 

preference for shallow waters, with very few observations occurring over water depths in excess of 

20m (figure 10). Mean density of cormorants/shags across the survey area was 0.31 birds/km2 in 

summer, 0.3 birds/km2 in autumn, and 0.14 birds/km2 in winter (figure 11).  

Utilization distributions highlighted highest density of sightings coastally, concentrated around 

Howth. This pattern was consistent though 10% and 50% UDs highlighting the coastal distribution of 

sightings for these species. There was a high degree of overlap across seasons (figure 12), highlighting 

the importance of this area year-round. 

Abundance of cormorants/shags across the survey area was estimated at 2,805 (95% CIs 1,730 – 4,546) 

individuals in summer, 2,796 (95% CIs 1,422 – 5,495) in autumn, and 1,321 (95% CIs 1,009 – 1,730) in 

winter. There were very wide confidence intervals on abundance estimates for cormorants/shags due 

to the largely inshore distribution which resulted in high variability in density between coastal grid 

cells and those occurring further offshore. 



ObSERVE Irish Sea seabird surveys 

____________________________ 

 19 

 

Figure 9. Sightings of cormorants/shags in summer, autumn, and winter survey periods in the Irish sea. Grey 

lines indicate the survey tracklines separated by approximately 2 nautical miles. 

 

Figure 10. Density (individuals per km2) distribution of cormorant/shag sightings over water depths. Dotted line 

indicates the range of depths available across the survey area. 
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Figure 11. Density distribution of cormorant/shags in summer, autumn and winter 2016. 
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Figure 12. Seasonal 10% (left) 25% (middle) and 50% (right) utilization distributions for cormorants and shags in the Irish Sea demonstrating a high importance of nearshore 

coastal waters and high degree of overlap in important areas for this species across seasons. 
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3.3.3. Northern fulmar 

There were 687 sightings of 1533 individuals across the three seasonal survey periods, although 1337 

(or 87% of all northern fulmar sightings) occurred during autumn surveys and very few occurred in 

summer. Northern fulmar occurred throughout the survey area, although a high aggregation was 

seen in the northeast part of the survey area in autumn (Figure 13). Fulmar showed a clear preference 

for deeper waters in the survey area, with the majority of sightings occurring in water depths 

exceeding 60m (figure 14). Mean density of northern fulmar across the survey area ranged from 0.07 

birds/km2 in summer, 1.52 birds/km2 in autumn and 0.16 birds/km2 in winter (figure 15).  

Utilization distributions for northern fulmar highlighted a very small high density area in autumn 

associated with the very high numbers of observations to the east of Lambay Island in autumn 

surveys, and larger areas consistent with the broad distribution of sightings in summer and winter 

surveys (figure 16). While summer and winter distributions were broader, the smaller area identified 

in autumn was consistently identified as important for northern fulmar across seasons.   

Abundance of northern fulmar across the survey area was estimated at 628 (95% CIs 425 - 929) 

individuals in summer, 13,892 (95% CIs 11,314 – 17,057) in autumn, and 1,453 (95% CIs 908 – 2,326) in 

winter. The wide distribution across the survey area in all seasons resulted in relatively narrow 

confidence intervals for this species. 

 

Figure 13. Sightings of northern fulmar in summer, autumn, and winter survey periods in the Irish Sea. Grey 

lines indicate the survey tracklines separated by approximately 2 nautical miles. 
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Figure 14. Density (individuals per km2) distribution of northern fulmar sightings over water depths. Dotted line 

indicates the range of depths available across the survey area. 

 

Figure 15. Density of northern fulmar across the survey area in 4x4km surveyed grids. 
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Figure 16. Seasonal 25% utilization distributions for northern fulmar in the Irish Sea demonstrating a high degree 

of overlap and consistently important area east of Lambay Island across seasons for this species. 

 

 

3.3.4. Great skua 

There were a total of four sightings of five individuals across the three seasonal surveys. Four 

individuals were sighted in autumn, and one individual was sighted in winter while there were no 

great skua recorded during summer surveys (figure 17). Overall, great skua sightings peaked in 

waters of 30-60m depth, which may indicate a preference for these depths as across the survey area, 

these water depths occur less frequently (figure 18). The low number of sightings also prevented 

generation of utilization distributions based on the density of sightings. Abundance of great skua 

across the survey area was estimated at 40 (95% CIs 19 - 83) individuals in autumn, and 10 (95% CIs 3 

- 89) in winter. The relatively wide confidence intervals on abundance estimates for this species is a 

direct result of the low number of sightings.  
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Figure 17. Sightings of great skua in summer, autumn, and winter survey periods in the Irish sea. Grey lines 

indicate the survey tracklines separated by approximately 2 nautical miles. 

 

 

Figure 18. Density (individuals per km2) distribution of great skua sightings over water depths. Dotted line 

indicates the range of depths available across the survey area. 
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3.3.5. Herring and common gull  

Herring and common gulls could not be differentiated by eye from the aircraft and were grouped 

together for the purposes of analysis. In total, there were 764 sightings of 2,726 individuals over the 

three seasonal surveys. Herring/common gulls were most common in autumn, followed by winter 

and then summer and occurred throughout the survey area, although tended to be concentrated in 

the northerly transects during summer and autumn with a slightly more inshore distribution, 

particularly along the coast of Drogheda (see Figure 19). There was no apparent association with any 

particular depth profile in the survey area. Hotspots of density occurred coastally and were relatively 

consistent in location across seasons, although there were more observations in the southernmost 

transects in winter. While sightings occurred across the range of available water depths in the survey 

area, more observations were noted in depths less than 50m (figure 20). Mean density of 

herring/common gulls across the entire survey area was 0.75 birds/km2 in summer, 3.82 birds/km2 in 

autumn, and 1.76 birds/km2 in winter (figure 21).  

25% utilization distributions highlighted the coastal waters north of Dublin bay as particularly 

important for herring/common gulls in all seasons, with a high degree of overlap across seasons 

(figure 22). Abundance of identified herring/common gulls across the survey area was estimated at 

6,196 (95% CIs 5,303 – 9,019) individuals in summer, 35,015 (95% CIs 14,829 – 82,680) in autumn, and 

16,110 (95% CIs 11,489 – 22,590) in winter. 

 

Figure 19. Sightings of herring/common gull in summer, autumn, and winter survey periods in the Irish sea. 

Grey lines indicate the survey tracklines separated by approximately 2 nautical miles. 
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Figure 20. Density (individuals per km2) distribution of herring/common gull sightings over water depths. 

Dotted line indicates the range of depths available across the survey area. 

 

Figure 21. Density of herring/common gull across the survey area in 4x4km surveyed grids. 
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Figure 22. Seasonal 25% utilization distributions for herring/common gull in the Irish Sea demonstrating a high 

importance of the waters west of Dublin and high degree of overlap in important areas for these species across 

seasons. 

 

 

3.3.6. Black-headed gull  

There were 97 sightings of 298 black-headed gulls over the three seasonal surveys. Black-headed gulls 

were most common in winter, where 72% of all sightings occurred, followed by autumn and then 

summer. Sightings were concentrated offshore in summer, inshore in autumn, and evenly distributed 

across the survey area in winter (figure 23). There was no apparent association with any particular 

depth profile in the survey area (figure 24). Mean density of black-headed gulls across the entire 

survey area was 0.03 birds/km2 in summer, 0.15 birds/km2 in autumn, and 0.2 birds/km2 in winter 

(figure 25).  

25% utilization distributions for this species were concentrated in the waters immediately around 

Howth and Lambay Island in winter, extending more northerly up to Dundalk Bay in autumn (figure 

26). While there were too few observations to generate a 25% utilization distribution in summer, areas 

of highest sightings density in autumn and winter remained coastal with a large common area of 

overlap encompassing Howth and Lambay Island. 
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Abundance of black-headed gulls across the survey area was estimated at 266 (95% CIs 120 - 593) 

individuals in summer, 1,332 (95% CIs 591 – 3,002) in autumn, and 1,804 (95% CIs 1,287 – 2,529) in 

winter.  

 

 

Figure 23. Sightings of black-headed gulls in summer, autumn, and winter survey periods in the Irish sea. Grey 

lines indicate the survey tracklines separated by approximately 2 nautical miles. 
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Figure 24. Density (individuals per km2) distribution of black-headed gull sightings over water depths. Dotted 

line indicates the range of depths available across the survey area. 

 

Figure 25. Density of black-headed gulls across the survey area in 4x4km surveyed grids. 
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Figure 26. Seasonal 25% utilization distributions for black-headed gull in the Irish Sea demonstrating a 

concentrated area of importance in the waters immediately around Howth and Lambay Island in winter, and 

more coastally in autumn. 

 

3.3.7. Black-backed gulls 

During the summer surveys, greater and lesser black-backed gulls were not differentiated. However, 

in subsequent autumn and winter surveys, some sightings could be identified to species level. Results 

are provided for each species where possible as well as for black-backed gull species overall. There 

were 39 individual lesser black-backed gulls, 143 greater black-backed gulls, and 339 black-backed 

gulls that could not be differentiated to species level across the three survey periods. Black-backed 

gull sightings were normally of single individuals, but some larger groups were observed. Highest 

number of sightings of black-backed gulls occurred during autumn surveys, although largest group 

sizes were noted in winter surveys, occurring further offshore. Figure 27 shows that sightings 

occurred throughout the survey area, although observations were predominantly in the northern 

transects. Both greater and lesser black-backed gulls showed no clear water depth preference (figure 

28), although relatively more observations of lesser black-backed gulls occurred over shallower 

depths.  Density distributions for black-backed gulls (greater and lesser combined, figure 29) are 

consistent with sightings, showing highest densities in the northern transects. 
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The 25% utilization distributions highlighted the importance of the waters to the north of Lambay 

Island, particularly in autumn and winter. While the area of highest sightings density was further 

south in summer surveys, there remained a large area of overlap in 25% utilization distributions 

across all three seasons surveyed, demonstrating consistency in foraging areas used by these gulls 

throughout the year (figure 30). 

While fewer lesser black-backed gulls were observed compared to greater black-backed gulls, the 

ratio of lesser to greater black-backed gull sightings differs seasonally, so it would not be appropriate 

to simply apportion a percentage of unidentified black-backed gull species to each group when 

estimating abundance across the entire survey area. There were an estimated 895 (95% CIs 680 – 

1,177) black-backed gulls (greater and lesser combined) in summer. There were 316 (95% CIs 228 – 

440) lesser black-backed gulls, 2,243 (95% CIs 1081 – 4650) greater black-backed gulls, and 1,019 (95% 

CIs 700 – 1,485) unidentified black-backed gulls in autumn, and 75 (95% CIs 48 – 118) lesser black-

backed gulls, 498 (95% CIs 361 – 688) greater black-backed gulls, and 1,580 (95% CIs 1,135 – 2,200) 

unidentified black-backed gull species across the survey area in winter. 

 

 

Figure 27. Sightings of greater black-backed gulls (orange circles), lesser black-backed gulls (pink circles) and 

unidentified black-backed gull species (grey circles) in summer, autumn, and winter survey periods in the Irish 

Sea. Grey lines indicate the survey tracklines separated by approximately 2 nautical miles. 
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Figure 28. Density (individuals per km2) distribution of greater (left) and lesser (right) black-backed gull 

sightings over water depths. Dotted line indicates the range of depths available across the survey area. 

 

 

Figure 29. Density of black-backed gull species (greater, lesser and unidentified black-backed gulls combined) 

across the survey area in 4x4km surveyed grids. 
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Figure 30. Seasonal 25% utilization distributions for black-backed gulls (greater and lesser black-backed gulls 

combined) in the Irish Sea. 

 

 

3.3.8. Little gull  

Little gulls were only observed during winter surveys. There were 37 observations amounting to 80 

individuals of this species, occurring throughout the survey area (figure 31). There was no obvious 

hotspot of density (figure 32) or relationship between the occurrence of little gulls and bathymetric 

features, with sightings occurring over a wide range of water depths between 0-80m (figure 33). 

However, no observations occurred over waters greater than 80m depth despite deeper waters being 

present throughout the survey area. Mean density across the survey area was 0.17 birds/km2.  

The 25% utilization distribution for little gulls in winter encompassed Howth and Lambay Island, and 

extended northwards, covering a relatively large area (figure 34). 

Estimated abundance across the entire survey area of 1539 (95% CIs 822 – 2880) individuals in winter. 
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Figure 31. Sightings of little gulls in summer, autumn, and winter survey periods in the Irish Sea. Grey lines 

indicate the survey tracklines separated by approximately 2 nautical miles. 

 

 
Figure 32. Density of little gulls across the survey area in 4x4km surveyed grids. 
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Figure 33. Density (individuals per km2) distribution of little gull sightings over water depths. Dotted line 

indicates the range of depths available across the survey area. 

 

Figure 34. Winter 25% utilization distribution for little gulls in the Irish Sea. 
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3.3.9. Black-legged kittiwake 

The black-legged kittiwake is the most numerous species of gull in the world, and as a result, was one 

of the more commonly sighted species in surveys, with 945 observations comprising a total of 2,421 

individuals sighted across the three survey periods. 1,355 individuals were recorded in autumn, 

while 499 and 567 individuals were sighted in summer and winter, respectively.  Sightings occurred 

throughout the entire survey area (figure 35), however, there was a distinct change in the distribution 

of sightings between the summer breeding season and the subsequent autumn and winter periods. 

During the summer breeding season, sightings were concentrated in the central part of the survey 

area. Hotspots of sightings shifted further north and south during the non-breeding period. 

Kittiwakes occurred over a wide range of depths across the survey area (figure 36), although there 

were comparatively fewer sightings over waters deeper than 80m. Mean density of black-legged 

kittiwakes across the survey area was 0.57 birds/km2 in summer, 1.47 birds/km2 in autumn, and 0.57 

birds/km2 in winter (figure 37).  

Despite widespread occurrence in all seasons, there was a marked contrast in highest areas of 

sightings density, with relatively little overlap in 10% and 25% utilization distributions between 

seasons. However, large areas of overlap existed between 50% UDs for kittiwakes, with the highest 

50% density of sightings occurring across approximately half of the survey area consistent with their 

widespread occurrence. Areas of high sightings density in summer occurred in the central survey 

transects, and was more concentrated than in autumn and winter. In autumn, areas of high sightings 

density was in the northern part of the survey area, while in winter, this moved towards the more 

southerly transects (figure 38). In all three seasons, areas of high sightings density occurred some 

distance from the coast in contrast to other gull species, which had extremely coastal core use areas.  

Abundance of black-legged kittiwakes across the survey area was estimated at 628 (95% CIs 425 - 929) 

individuals in summer, 13,892 (95% CIs 11,314 – 17,057) in autumn, and 1,453 (95% CIs 908 – 2,326) in 

winter. The wide distribution across the survey area in all seasons resulted in relatively narrow 

confidence intervals for this species. 
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Figure 35. Sightings of black-legged kittiwake in summer, autumn, and winter survey periods in the Irish Sea. 

Grey lines indicate the survey tracklines separated by approximately 2 nautical miles. 

 

Figure 36. Density (individuals per km2) distribution of black-legged kittiwake sightings over water depths. 

Dotted line indicates the range of depths available across the survey area. 
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Figure 37. Density of black-legged kittiwakes across the survey area in 4x4km surveyed grids.
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Figure 38. Seasonal 10% (left), 25% (middle), and 50% (right) utilization distributions for kittiwakes in the Irish Sea. 
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3.3.10. Unidentif ied gull species  

A number of gull sightings could not be identified to species level, and were recorded as either large 

or small gull species. Records of unidentified gull species were more common in autumn and winter 

where a combination of birds in different stages of moult, winter plumage and juveniles make 

accurate species identification difficult. Overall, there were 278 sightings totaling 2,316 individuals, 

with the majority of sightings (1,,487 individuals) occurring in the post-breeding autumn period. 

Unidentified large gull species tended to be observed in larger groups than unidentified small gulls, 

and observations of large gulls tended to be concentrated in the northern half of the survey area while 

small gulls occurred more evenly throughout the survey area (figure 39). Unsurprisingly, as a result 

of the differences in distribution of sightings, unidentified large gulls were observed to have a 

shallower depth preference than unidentified small gulls, although both had peak concentration of 

sightings in water depth of 10-20m (figure 40).  

Unidentified large gulls had an average density of 0.06 birds/km2 in summer, 1.41 birds/km2 in 

autumn, and 0.75 birds/km2 in winter (figure 41), while unidentified small gulls had an average 

density of 0.08 birds/km2 in summer, 1.18 birds/km2 in autumn, and 0.17 birds/km2 in winter (figure 

42). 25% utilization distribution areas were comparatively similar for large and small gull species, 

with coastal aggregations of sightings around Dublin Bay in autumn, shifting northwards in winter 

(figure 43).  

In addition to the identified gull species outlined previously, there were 747 (95% CIs 514 – 1,086) 

unidentified small gulls in summer, 10,789 (95% CIs 4,625 – 25,163) in autumn, and 1,524 (95% CIs 

1,039 – 2,236) in winter, plus an additional 511 (95% 215 – 1,217) unidentified large gulls in summer, 

12,926 (95% CIs 8,111 – 20,599) in autumn, and 6,841 (95% CIs 4,564 – 10,253) in winter. There were 

particularly wide confidence intervals around estimates due to large variability in group sizes 

recorded on transect.   
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Figure 39. Sightings of unidentified small gulls (green circles) and large gulls (brown circles) in summer, autumn, 

and winter survey periods in the Irish Sea. Grey lines indicate the survey tracklines separated by approximately 

2 nautical miles. 

 

 

Figure 40. Density (individuals per km2) distribution of unidentified large (left) and small (right) gull sightings 

over water depths. Dotted line indicates the range of depths available across the survey area. 
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Figure 41. Density of large gull species across the survey area in 4x4km surveyed grids. 

 

 
Figure 42. Density of small gull species across the survey area in 4x4km surveyed grids. 
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Figure 43. Seasonal 25% utilization distributions for unidentified large (left) and small (right) gull species in the 

Irish Sea. Small gull utilization distributions occur in two discrete locations in winter, with the more southerly 

area overlapping considerably with summer core use area.  

 

 

3.3.11. Manx shearwater  

Manx shearwater was one of the more commonly sighted species in the Irish Sea surveys. In total, 872 

sightings totaling 4736 individuals were recorded on transect, with the vast majority (3669 

individuals) occurring during the summer breeding season. Particularly during the breeding season, 

Manx shearwater were sighted throughout the survey area, but were not observed in the nearshore 

waters, instead generally being recorded at least 4km from the shore (figure 44). Manx shearwaters 

had a clear preference for deeper waters in the survey area, with a marked absence of this species 

over shallow areas and sandbars with less than 20m water depth (figure 45). Hotspots of density in 

summer occurred in the northernmost and southernmost transects. Mean density of Manx shearwater 

across the survey area was 3.37 birds/km2 in summer, 1.15 birds/km2 in autumn, and 0.01 birds/km2 in 

winter (figure 46). Abundance of Manx shearwater across the survey area was estimated at 30,928 

(95% CIs 26,815 – 35,671) individuals in summer, 10,566 (95% CIs 5,462 – 20,441) in autumn, and 114 

(95% CIs 47-278) in winter. Large confidence intervals around the autumn abundance estimate is 
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mostly due to large variation in group sizes encountered and the relatively low number of sightings 

compared to summer. 

Manx shearwater 25% utilization distributions were concentrated in the north and south of the survey 

area, with comparatively fewer sightings in the central survey area. This remained consistent in both 

the summer and autumn surveys. There was a lack of overlap in 25%UDs to the north of the survey 

area in summer and autumn, but a broad area east of Wexford harbor appeared in 2016 to be 

important for this species across seasons (figure 47).  

 

 

Figure 44. Sightings of Manx shearwaters in summer, autumn, and winter survey periods in the Irish Sea. Grey 

lines indicate the survey tracklines separated by approximately 2 nautical miles. 
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Figure 45. Density (individuals per km2) distribution of Manx shearwater sightings over water depths. Dotted 

line indicates the range of depths available across the survey area. 

 

 

Figure 46. Density of Manx shearwater across the survey area in 4x4km surveyed grids. 
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Figure 47. Seasonal 25% utilization distributions for Manx shearwater in the Irish Sea showing important areas in 

the north and south of the survey area across seasons. 

 

3.3.12. Unidentified shearwater species  

A further five sightings totaling 11 individuals of unidentified shearwater species were made in the 

summer and winter survey periods (figure 48). Observers noted that these were likely to be either 

sooty or great shearwaters, although reliable identification to species level was not possible in these 

instances. The low number of sightings resulted in extremely low densities (<0.001 birds/km2 in 

autumn and winter), but abundance estimates suggest that there were 70 (95% CIs 30 – 164) 

unidentified shearwater species across the survey area in summer, and 40 (95% CIs 16 – 99) in winter. 
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Figure 48. Sightings of unidentified shearwater species in summer and winter (no sightings occurred in autumn) 

in the Irish Sea. Grey lines indicate the survey tracklines separated by approximately 2 nautical miles. 

 

 

3.3.13. Petrel species  

Eight sightings comprising a total of 10 individuals were made of unidentified petrel species (figure 

49). Sightings were only made during summer and autumn survey periods and are most likely to be 

from the two species of petrel known to breed in Ireland, the European storm petrel (Hydrobates 

pelagicus), and Leach’s storm petrel (Oceanodroma leucorhoa). There was a clear bimodal distribution in 

depth profiles of sightings, (figure 50) with a peak in observations over 80m depth and a secondary 

peak over water depths of approximately 15m depth. However, there were too few observations of 

petrel species to identify 25% utilization distributions. 

While it would be inadvisable to generate an abundance estimate on so few sightings, based on 

observed densities in surveyed grid cells, there were an estimated 6 (95% CIs 2 – 19) petrels present 

across the survey area in summer and 71 (95% CIs 41 – 121) in winter. Due to the very low number of 

sightings, estimates have large confidence intervals, which should be considered when interpreting 

the abundance estimates.  
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Figure 49. Sightings of unidentified petrel species in summer and autumn (no sightings occurred in winter) in the 

Irish Sea. Grey lines indicate the survey tracklines separated by approximately 2 nautical miles. 

 

Figure 50. Density (individuals per km2) distribution of unidentified petrel species sightings over water depths. 

Dotted line indicates the range of depths available across the survey area. 
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3.3.14. Atlantic puffin 

Twenty-four observations totaling 27 individuals were made, with all but a single individual sighted 

in summer. The distribution of sightings was consistent with breeding colonies at Ireland’s Eye and 

the Saltee Islands (figure 51). The distribution of sightings over water depths (figure 52) suggests an 

avoidance of very nearshore and shallow sandbanks in the survey area, with observations peaking 

over water depths of 30-60m, which interestingly corresponds to the depth profile least available 

within the survey area. The mean density of Atlantic puffins in summer was 0.02 birds/km2 (figure 53) 

and the concentration of sightings of Atlantic puffin east of Dublin Bay and Dalkey in summer 

surveys resulted in a relatively small 25% utilization distribution for this species in this season (figure 

54). 

Abundance of Atlantic puffin across the survey area was estimated at 229 (95% CIs 169 - 309) 

individuals in summer, 6 (95% CIs 2 - 18) and in autumn, although it should be noted that puffins are 

also likely to have been recorded as unidentified auk species (see section 3.3.16), so these figures are 

likely to be an underestimate. 

 

 

Figure 51. Sightings of Atlantic puffin in summer, autumn, and winter survey periods in the Irish Sea. Grey lines 

indicate the survey tracklines separated by approximately 2 nautical miles. 
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Figure 52. Density (individuals per km2) distribution of Atlantic puffin sightings over water depths. Dotted line 

indicates the range of depths available across the survey area. 

 

 

Figure 53. Density of Atlantic puffin across the survey area in 4x4km surveyed grids. 
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Figure 54. Seasonal 25% utilization distributions for Atlantic puffin in the Irish Sea, highlighting the importance 

of more offshore waters east of Dublin Bay and Dalkey. 

 

3.3.15. Razorbill and common guillemot  

Razorbills and common guillemots could not always be differentiated from the aircraft and sightings 

were therefore combined into a single group. There were 7,541 sightings totaling 24,763 individuals 

across the three seasonal survey periods, the vast majority (1,644 individuals) occurring in autumn 

surveys (Figure 55). During the summer, sightings were concentrated around the central transect 

lines, while during autumn surveys, large numbers of sightings occurred in the northernmost 

transects. There was no obvious association between the occurrence of razorbills/guillemots and 

bathymetric features with the distribution of sightings with depth almost perfectly mirroring the 

available depths (figure 56).  

Mean density of razorbills/guillemots across grid cells was 3.95 birds/km2 in summer, 17.4 birds/km2 

in autumn, and 4.61 birds/km2 in winter (figure 57). 10% and 25% utilization distributions for 

razorbills/guillemots showed relatively consistent areas of highest sightings density east of Howth, 

but with a more northerly concentration in autumn. 50% UDs extended considerably southwards in 

autumn and winter, but remained concentrated east of Howth in summer, likely reflecting the 

distribution of breeding colonies at Bray Head, Howth Head and Ireland’s Eye (figure 58).  
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The two species combined were easily the most abundant species in the Irish Sea, with an estimated 

36,255 (95% CIs 32,869 – 39,990) individuals in summer, 159,503 (95% CIs 143,540 – 177,241) in 

autumn, and 42,296 (95% CIs 37,122 – 48,190) in winter. The widespread occurrence of these species 

and low variability in group size led to relatively narrow confidence intervals around abundance 

estimates. 

 

Figure 55. Sightings of razorbill/common guillemot in summer, autumn, and winter survey periods in the Irish 

Sea. Grey lines indicate the survey tracklines separated by approximately 2 nautical miles. 
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Figure 56. Density (individuals per km2) distribution of razorbill/common guillemot sightings over water depths. 

Dotted line indicates the range of depths available across the survey area. 

 

 

Figure 57. Density of razorbill/common guillemot species across the survey area in 4x4km surveyed grids. 
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Figure 58. Seasonal 10% (left), 25% (middle), and 50% (right) utilization distributions for razorbills/guillemots in the Irish Sea. 
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3.3.16. Other Auk species  

There were 7 observations totaling 12 individuals of black guillemots sighted in summer and autumn 

survey periods (figure 59). The mean density of black guillemots across the survey area was 0.01 

birds/km2 in both summer and autumn giving an estimated abundance of 52 (95% CIs 29 – 93) in 

summer and 60 (95% CIs 23 – 156) in winter. A further 22 sightings totaling 166 unidentified auk 

species occurred in summer and autumn (figure 59), with the majority of individuals (135) occurring 

during the summer survey period. Estimated abundance of unidentified Auk species was 1,360 (95% 

CIs 801 – 2,310) in summer and 311 (95% CIs 109 – 889) in autumn. 

 

Figure 59. Sightings of Black guillemot and unidentified auk species in summer and autumn (there were no 

sightings in winter) in the Irish Sea. Grey lines indicate the survey tracklines separated by approximately 2 

nautical miles. 

 

 

3.3.17. Arctic and Common tern 

Arctic and common tern could not be identified to individual species level from the aircraft and were 

combined into a single group. There were 443 observations of arctic/common terns, representing 1,235 

individuals across the summer and autumn seasonal surveys. No sightings of these species occurred 

in winter (figure 60). While sightings occurred across a large range of depths, they occurred more 
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frequently over shallow areas (figure 61) in the central transects of the survey area during the summer 

breeding season, with some sightings also concentrated around Wexford harbor. Mean density of 

Arctic/common terns across grid cells was 0.49 birds/km2 in summer, and 0.79 birds/km2 in autumn 

(figure 62). 25% utilization distributions in summer were concentrated toward the central part of the 

survey area and interestingly slightly offshore, while in autumn, areas of highest sightings density 

occurred at the north and south extremities of the survey area, and were closer inshore (figure 63). 

Abundance of Arctic/common tern across the survey area was estimated at 4,514 (95% CIs 3,883 – 

5,247) individuals in summer, and 7,268 (95% CIs 5,178 – 10,202) in autumn. 

 

Figure 60. Sightings of Arctic/common terns in summer, autumn, and winter survey periods in the Irish Sea. 

Grey lines indicate the survey tracklines separated by approximately 2 nautical miles. 
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Figure 61. Density (individuals per km2) distribution of Arctic/common tern sightings over water depths. Dotted 

line indicates the range of depths available across the survey area. 

 
Figure 62. Density of Arctic/common terns across the survey area in 4x4km surveyed grids. 
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Figure 63. Seasonal 25% utilization distributions for Arctic/common terns in the Irish Sea. 

 

3.3.18. Roseate tern, Sandwich tern, Little tern 

There were 79 observations consisting of a total of 165 roseate terns across the summer and autumn 

surveys. Sightings were predominately in the northernmost transects, although some observations in 

more southerly transects east and north of Wexford harbour also occurred (figure 64). Roseate terns 

were recorded over a wide range of depths, with a peak in occurrence from 20-50m water depth, the 

deepest of all the tern species, suggesting no particular association with shallow water sandbanks 

(figure 65). Average density across grid cells was 0.14 birds/km2 in summer and 0.04 birds/km2 in 

autumn (figure 66). Abundance of Roseate tern across the survey area was estimated at 1,260 (95% CIs 

724 – 2,190) individuals in summer, and 347 (95% CIs 198 - 608) in autumn. 

There were 60 observations comprising 90 sandwich terns across the summer and autumn surveys, 

and tended to be more coastal than sightings of Roseate terns (figure 64). The summer distribution is 

clearly influenced by the location of Lady’s Island Lake colony in Wexford, and the absence of a more 

northerly breeding colony on the east coast suggests that sightings in the northern transects are likely 

to be non-breeders. Sandwich terns had a clear preference for shallower waters, with a peak in waters 

of 10m water depth (figure 65), likely associated with shallow sandbanks. Average density across grid 

cells was 0.07 birds/km2 in summer and 0.04 birds/km2 in autumn (figure 67). Abundance of 

Sandwich tern across the survey area was estimated at 642 (95% CIs 450 - 917) individuals in summer, 

and 331 (95% CIs 230 - 476) in autumn. 
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There were 75 observations comprising 137 little terns across the summer and autumn surveys, with 

sightings occurring predominantly in the central and southern transects. Similar to roseate terns, little 

terns were observed over a wide range of water depths (figure 65), but showed a clear peak in 

occurrence over water depths of 20-30m, which appears to be concentrated along the eastern edge of 

the shallow sandbar areas (figure 64). Average density across grid cells was 0.07 birds/km2 in both 

summer and autumn (figure 68). Abundance of little tern across the survey area was estimated at 652 

(95% CIs 470 - 905) individuals in summer, and 642 (95% CIs 386 – 1,065) in autumn. 

Roseate, sandwich and little terns had contrasting areas of highest sightings in summer (figure 69), 

with roseate terns being concentrated north of Howth, sandwich terns concentrated around Wexford 

Harbor, and east of Dublin Bay. While areas of highest sightings density shifted northward in autumn 

for all three species, this was most extreme in the case of sandwich terns, which had no overlap 

between 25%UDs in summer and autumn. 

 

Figure 64. Sightings of roseate (red circles), little (yellow circles) and sandwich (green circles) terns in summer, 

autumn, and winter survey periods in the Irish Sea. Grey lines indicate the survey tracklines separated by 

approximately 2 nautical miles. 
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Figure 65. Density (individuals per km2) distribution of roseate (left), sandwich (middle) and little (right) sightings over water depths. Dotted line indicates the range of depths 

available across the survey area. Note difference in scale.
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Figure 66. Density of roseate terns across the survey area in 4x4km surveyed grids. 

 
Figure 67. Density of sandwich terns across the survey area in 4x4km surveyed grids. 
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Figure 68. Density of little terns across the survey area in 4x4km surveyed grids. 
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Figure 69. Seasonal 25% utilization distributions for roseate (left), sandwich (middle) and little (right) terns in the Irish. Note difference in extent of base map for sandwich 

terns.  
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3.3.19. Common and Velvet Scoter  

There were 72 sightings of common scoter (Melanitta nigra), representing 1,183 individuals and 15 

sightings of velvet scoter (Melanitta fusca), representing 39 individuals. A further 10 sightings, 

representing 56 individuals, were not identified to species level. Sightings were limited to the autumn 

and winter surveys, with no sightings occurring in summer. In autumn, all sightings occurred very 

close to the coast, with a predominance of common scoters occurring in the northernmost transects, 

particularly around Dundalk Bay where close aggregations occurred (figure 70). This area of 

importance for both common and velvet scoter persisted through winter surveys, although sightings 

also occurred further south, east of Dublin Bay, and further from the coast. In both autumn and 

winter, sightings occur in the very nearshore waters, with both species displaying a clear preference 

for waters of approximately 10m depth (figure 71), although some sightings of common scoter occur 

further seaward. Average density of common scoter was 0.94 birds/km2 in autumn and 0.34 birds/km2 

in winter (figure 72), while average density of velvet scoter was 0.01 birds/km2 in autumn and 0.03 

birds/km2 in winter (figure 73).  

Given the similar distribution of common and velvet scoter sightings in shallow nearshore coastal 

waters, sightings of all scoter species were combined to identify overall utilization distributions 

(figure 74). 10%, 25% and 50% utilization distributions were all very consistent in identifying highest 

sightings density just south of Dundalk Bay in both autumn and winter. Autumn UDs remained 

relatively concentrated from 10% through to 50% sightings density, while winter distributions were 

broader, extending to cover Dublin Bay. However, there remained a high degree of consistency and 

overlap in UDs between seasons.  

Abundance of common scoter across the survey area was estimated at 8,616 (95% CIs 4,200 – 17,677) 

individuals in autumn and 3,089 (95% CIs 1,962 – 4,863) in winter while abundance of velvet scoter 

across the survey area was 101 (95% CIs 58 - 177) individuals in autumn and 265 (95% CIs 109 - 640) 

in winter. There were a further estimated 426 (95% CIs 233 – 780) unidentified scoter species in 

autumn and 110 (95% CIs 46-259) in winter. Large confidence intervals around abundance estimates 

is mostly due to variation in group sizes and the relatively nearshore distribution of sightings across 

the survey area resulting in high variability in mean density across grid cells. 
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Figure 70. Sightings of common (green circles), velvet (red circles) and unidentified (grey circles) scoters in 

summer, autumn, and winter survey periods in the Irish Sea. Grey lines indicate the survey tracklines separated 

by approximately 2 nautical miles. 

 

 

Figure 71. Density (individuals per km2) distribution of common (left) and velvet (right) scoter sightings over 

water depths. Dotted line indicates the range of depths available across the survey area. 
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Figure 72. Density of velvet scoter across the survey area in 4x4km surveyed grids. 

 

 
Figure 73. Density of common scoter across the survey area in 4x4km surveyed grids. 
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Figure 74. Seasonal 10% (left), 25% (middle), and 50% (right) utilization distributions for scoter species (common, velvet and unidentified scoter species combined) in the Irish 

Sea. 
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3.3.20. Diver species  

There are three likely diver species sighted in the survey area; the red-throated diver (Gavia stellata), 

which has a small Irish breeding population in Donegal, the great northern diver (Gavia immer), which 

is a widespread winter visitor to coastal areas, and the black-throated diver (Gavia arctica), which is a 

rarer winter visitor to Ireland. While the three species of diver could not be distinguished from the 

aircraft, it is more likely that observations were either of the red-throated diver or great northern 

diver. There were 289 observations of divers, amounting to 1135 individuals. Four sightings of single 

individuals occurred in summer, but the majority of sightings occurred in autumn and winter, with 

the greatest abundance of birds recorded during winter surveys (figure 75). Similar to scoter species, 

observations of divers were concentrated in the shallower coastal waters of the Irish Sea, with a clear 

preference for waters of 5-20m depth and very few observations of divers in deeper waters (figure 

76). Mean density of divers across all grid cells was 0.01 birds/km2 in summer, 0.97 birds/km2 in 

autumn, and 0.32 birds/km2 in winter (figure 77).  

Similar to scoter species, utilization distribution of diver species sightings consistently identified the 

highest sightings density in the northwest of the survey area, concentrated around Dundalk Bay, 

suggesting this was a particularly important area for divers in 2016. There was also a high degree of 

consistency and overlap between autumn and winter sightings density. While the winter 50% UD 

extended considerably southwards, highlighting an area north of Wexford harbour, the greatest 

concentration of sightings remained in the northern coastal areas, but notably excluding Dublin Bay 

(figure 78).  

Abundance of unidentified diver species across the survey area was estimated at 47 (95% CIs 23 – 95) 

individuals in summer, 8,916 (95% CIs 5,049 – 15,745) individuals in autumn and 2,942 (95% CIs 2,240 

– 3,548) in winter. Similar to scoter species, large confidence intervals around abundance estimates is 

mostly due to variation in group sizes and the relatively nearshore distribution of sightings across the 

survey area resulting in high variability in mean density across grid cells. 
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Figure 75. Sightings of unidentified diver species in summer, autumn, and winter survey periods in the Irish Sea. 

Grey lines indicate the survey tracklines separated by approximately 2 nautical miles. 

 

Figure 76. Density (individuals per km2) distribution of diver (likely a combination of red-throated, black-

throated and great northern) species sightings over water depths. Dotted line indicates the range of depths 

available across the survey area. 
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Figure 77. Density of unidentified diver species (a combination of red-throated, black-throated and great 

northern) across the survey area in 4x4km surveyed grids. 
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Figure 78. Seasonal 10% (left), 25% (middle), and 50% (right) utilization distributions for diver species in the Irish Sea.
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3.4. Seabird density, abundance and species richness  

3.4.1. Density 

Combined across all species, clear differences in the distribution of seabird density occur between 

seasons (figure 79). During the summer breeding season, hotspots of seabird density occur off the 

coast of Dublin and Wexford, while in autumn, a large hotspot of species density occurs in the 

northern part of the survey area. Highest densities across all surveys occur in this broad area, which 

does not appear to be consistent with any seabed feature. Razorbills/guillemots predominate 

sightings in the autumn, contributing disproportionately to the observed pattern of overall seabird 

density, but high numbers of scoters and divers were also recorded in this area during autumn 

surveys. Mean density of all seabird species and species groups across all grid cells in the survey area 

are presented in Table 3. 

 

Figure 79. Seabird density (all species/species groups) in 4x4km grid cells across the entire survey area. 
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Table 3. Mean density of seabirds across 4x4 km grid cells in the survey area by survey season. 

  Mean density (birds/km2) 

Species Summer Autumn Winter 

Arctic/Common tern 0.49 0.79 0 

Roseate tern 0.14 0.04 0 

Sandwich tern 0.07 0.04 0 

Little tern 0.07 0.07 0 

Tern spp. 0.01 0.00 0 

Cormorant/Shag 0.31 0.30 0.14 

Fulmar 0.07 1.52 0.16 

Kittiwake 0.57 1.47 0.57 

Greater black-backed gull 0 0.24 0.05 

Lesser black-backed gull 0 0.03 0.01 

Black-backed gull spp. 0.10 0.11 0.17 

Herring/Common gull 0.75 3.82 1.76 

Black-headed gull 0.03 0.15 0.20 

Little gull 0 0 0.17 

Small gull spp. 0.08 1.18 0.17 

Large gull spp. 0.06 1.41 0.75 

Common scoter 0 0.94 0.34 

Velvet scoter 0 0.01 0.03 

Scoter spp. 0 0.05 0.01 

Diver spp. 0.01 0.97 0.32 

Great skua 0 0.00 0.00 

Manx shearwater 3.37 1.15 0.01 

Shearwater spp. 0.01 0 0.00 

Northern gannet 0.35 0.88 0.03 

Petrel spp. 0.00 0.01 0 

Atlantic Puffin 0.02 0.00 0 

Black guillemot 0.01 0.01 0 

Razorbill/Guillemot 3.95 17.40 4.61 

Auk spp. 0.15 0.03 0 
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3.4.2. Abundance 

Seabird density per grid cell was multiplied by grid cell area and summed together to provide an 

overall abundance estimate for each species. Variation in density across grid cells enabled a 

coefficient of variation to be produced, which was used to calculate 95% confidence intervals around 

abundance estimates, which are summarized on a species-by-species basis in Table 4. Combined 

across all species and species groups, the Irish Sea survey area supported some 97,326 (95% CIs 90,292 

– 104,909) seabirds during the 2016 summer breeding season, 299,122 (95% CIs 235,552 – 320,214) 

seabirds during autumn 2016, and 87,180 (95% CIs 77,161 – 98,499) seabirds during winter 2016. The 

large increase in seabird abundance in the Irish Sea in autumn is largely attributable to gulls, 

razorbills/guillemots and scoters.  
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Table 4. Abundance estimates and 95% Confidence Intervals of seabirds across the ObSERVE low-level survey 

area for summer, autumn, and winter 2016. 

  Total abundance (individuals) 

  Summer Autumn Winter 

Species N  95% CIs N  95% CIs N 95% CIs 

Arctic/Common tern 4514 3883 5247 7268 5178 10202 0 N/A N/A 

Roseate tern 1260 724 2190 347 198 608 0 N/A N/A 

Sandwich tern 642 450 917 331 230 476 0 N/A N/A 

Little tern 652 470 905 642 386 1065 0 N/A N/A 

Tern spp. 61 37 102 31 11 91 0 N/A N/A 

Cormorant/Shag 2805 1730 4546 2796 1422 5495 1321 N/A N/A 

Fulmar 628 425 929 13892 11314 17057 1453 908 2326 

Kittiwake 5255 4307 6410 13501 9659 18871 5255 4104 6728 

Greater black-backed gull N/A N/A N/A 2243 1081 4650 498 361 688 

Lesser black-backed gull N/A N/A N/A 316 228 440 75 48 118 

Black-backed gull spp. 895 680 1177 1019 700 1485 1580 1135 2200 

Herring/Common gull 6916 5303 9019 35015 14829 82680 16110 11489 22590 

Black-headed gull 266 120 593 1332 591 3002 1804 1287 2529 

Little gull 0 N/A N/A 0 N/A N/A 1539 822 2880 

Small gull spp. 747 514 1086 10789 4625 25163 1524 1039 2236 

Large gull spp. 511 215 1217 12926 8111 20599 6841 4564 10253 

Common scoter 0 N/A N/A 8616 4200 17677 3089 1962 4863 

Velvet scoter 0 N/A N/A 101 58 177 265 109 640 

Scoter spp. 0 N/A N/A 426 233 780 110 46 259 

Diver spp. 47 23 95 8916 5049 15745 2942 2440 3548 

Great skua 0 N/A N/A 40 19 83 10 3 29 

Manx shearwater 30928 26815 35671 10566 5462 20441 114 47 278 

Shearwater spp. 70 30 164 0 N/A N/A 40 16 99 

Northern gannet 3228 2425 4296 8059 6396 10154 315 226 438 

Petrel spp. 6 2 19 71 41 121 0 N/A N/A 

Atlantic Puffin 229 169 309 6 2 18 0 N/A N/A 

Black guillemot 52 29 93 60 23 156 0 N/A N/A 

Razorbill/Guillemot 36255 32869 39990 159503 143540 177241 42296 37122 48190 

Auk spp. 1360 801 2310 311 109 889 0 N/A N/A 

Total Seabirds 97326 90292 104909 299122 235552 320214 87180 77161 98499 
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3.4.3. Species Richness 

Overall, hotspots of species richness occurred east of Dublin and Wexford Harbour in summer, and in 

more northerly areas in autumn and winter (figure 80). Highest overall species richness occurred 

during autumn surveys, which also corresponded to highest overall seabird densities in the survey 

area. Despite the occurrence of wintering seabirds such as divers and scoter species, the absence of 

terns, petrels and shearwaters in winter months meant that winter surveys had the overall lowest 

species richness and seabird densities of the three survey periods. 

 

Figure 80. Seabird species richness in 4x4km grid cells across the entire survey area. 
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4. Discussion 

The principal scientific objectives of the ObSERVE low-level aerial survey programme in the Irish Sea 

were to determine winter, breeding and post-breeding density and abundance estimates for key 

seabird species, as well as the identification of important marine areas for seabird species, overall 

species richness and diversity. The ObSERVE low-level aerial surveys in the Irish Sea have provided 

some of the most comprehensive spatial and seasonal survey coverage for seabirds in the area to date.   

Aerial surveys for seabirds have a number of advantages to other methods. Given their capability for 

covering large areas in a short period of time, aerial surveys enable researchers to take advantage of 

small weather windows and reduce the potential for under or over recording birds that may move 

around within the study area within the survey period. Another benefit of aerial surveys is that 

aircraft do not attract certain species of seabirds, which can be a particular problem for boat surveys 

(Spear et al. 2004). Boat surveys also suffer from potential biases associated with birds being 

disturbed by the presence of vessels (Borberg et al. 2005, Schwemmer et al. 2011). However, while 

disturbance issues are far less acute for visual aerial surveys, they may still exist (Buckland et al. 

2012). Our own results suggest little overall effect of the survey craft on seabirds, even at the low 

altitude adopted for the surveys of 250 feet, although species-specific responses to the aircraft were 

apparent. Of the 13,532 sightings recorded on survey, 451 (3%) were recorded as ‘flushed’, indicating 

a response to the aircraft. At the higher end of response to aircraft, 14% of Manx shearwater, 11% of 

common scoter, 7% of cormorant/shag and 7% of velvet scoter sightings were recorded as flushed. 

This compares to <0.5% of tern species, 2% of razorbill/guillemot and 0-3% of gull species recorded as 

flushed in response to the aircraft. 

While Camphuysen et al. (2004) recommend a line transect methodology with sub-bands to enable 

calculation of detection probabilities, the large number of seabird sightings in the Irish Sea made this 

approach unworkable. Instead a 200m fixed strip width was deemed the most appropriate method, 

and has been successfully adopted in other studies investigating the density and abundance of 

seabirds at sea in the northeast Atlantic (Pettex et al. 2017). This method assumes that all seabirds 

within 200m either side of the plane are detected and enumerated. While previous studies have found 

this to be a reasonable assumption for both conspicuous and cryptic species (Certain and Bretagnolle 

2008), encounter rates suggest that there was some effect of environmental conditions on visibility of 

seabirds, violating this assumption. Seabird surveys are recommended to only be performed in 

Beaufort sea states 3 or less (Camphuysen et al. 2004), which was adopted as the target weather 

conditions for ObSERVE aerial surveys. 98.7% of the ObSERVE aerial fine-scale surveys in the Irish 

Sea were successfully completed under target conditions. However, overall encounter rates showed a 

slight decrease with increasing Beaufort sea state. While this broad metric cannot account for seasonal 

differences in species occurrence, there were a number of species where sufficient sightings were 

made across seasons and sampled sea states to investigate the potential effect in more detail. 

Sightings in sea states 0-2 and 3-4 were pooled, reflecting the point where whitecaps occur and are 

more likely to affect seabird detectability. Encounter rates of terns, auks, kittiwakes, gannets, and 

Manx shearwater all declined slightly in sea states greater than 2, a trend that was consistent across 

all seasons. Interestingly, northern fulmar had increased encounter rates above sea state 2. This might 

reflect a species-specific response to the presence of waves. Fulmars employ dynamic soaring as a 
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strategy to minimize the energetic cost of flight (Furness and Bryant 1996), and may be attracted to 

these conditions. Dynamic soaring is associated with periods of rapid altitude gain combined with a 

rolling change in body and wing position to maximize movement (Sachs 2016). These movements 

may increase visibility beyond that of normal powered flight in lower sea conditions. Changes in 

encounter rate between sea states was not large, even for small and cryptic species such as terns and 

shearwaters, suggesting that detectability bias due to sea state is unlikely to have had much effect on 

resulting density or abundance estimates, and although not strictly true, we consider the assumption 

of 100% detectability to be a reasonable one. 

The low-level surveys in the Irish Sea have provided key data on seabird species occurrence and 

distribution, as well as identified important bathymetric features and marine areas for seabirds. Of 

particular note was the inshore distribution of scoters, divers and cormorant/shags, all concentrated 

in shallow waters associated with sandbars. There was a clear peak in the distribution of 

cormorant/shag sightings over water depths around 10m indicating a preference for shallow waters, 

with very few observations occurring over water depths in excess of 20m. This represents a similar 

depth profile to dives recorded during a tagging study of European shags in Norway (Christensen-

Dalsgaard et al. 2017). There was a high degree of overlap in utilization distributions for 

cormorant/shag across seasons, concentrated around Howth, highlighting the potential importance of 

this area year-round. While Daunt et al. (2006) found no evidence that shags in south-east Scotland 

migrated southward in winter, Galbraith et al. (1986) found marked differences in the timing and 

extent of dispersal from colonies outside of the breeding season across northern Europe, although for 

most populations, median winter movements were less than 100km, which may indicate similar 

habitat requirements for summer breeding and winter roosting locations. Similar to cormorant/shags, 

sightings of common and velvet scoter occur in the very nearshore waters in both autumn and winter, 

with both species displaying a clear preference for waters of approximately 10m depth (figure 68), 

consistent with foraging over shallow sandbars (Kaiser et al. 2006). 

Terns, while not concentrated over sandbars, also occurred in more inshore waters. The distribution 

of common/arctic tern sightings is reasonably consistent with the distribution of breeding colonies 

along the east coast of Ireland, with notable colonies of common and Arctic tern occurring on 

Rockabill Island and Dublin port in Co. Dublin, and Lady’s Island Lake in Co. Wexford. No sightings 

of roseate, sandwich and little terns occurred in winter surveys, consistent with these species 

breeding in Irish waters during the summer, and undertaking winter migration to the west and south 

coasts of Africa. Of note was the abundance estimate for Roseate terns of 1,260 in summer 2016 being 

similar to circa 1,600 nests on Rockabill in 2017 assuming that one parent was on land (Burke et al. 

2016). 

The distribution and strong relationship with depth in divers, scoters and cormorant/shag species 

may make it more straightforward to define protected areas for these species with well-defined 

boundaries. Conversely, Manx shearwaters, kittiwakes, gull species, gannets, fulmar, and 

razorbills/guillemots were all widespread. The summer distribution of gannets was consistent with 

the results of tracking studies from UK and Irish breeding colonies during the breeding season 

(Wakefield et al. 2013), and during winter, sightings were exclusively of adult birds, which is 

consistent with juveniles migrating south to the Benguela upwelling region (Gremillet et al. 2015). 

While not reflecting the distribution of breeding colonies in Ireland, sightings of northern fulmar in 
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the Irish Sea were consistent with large reported foraging ranges during the breeding season, with a 

mean maximum range of 400 km (Thaxter et al. 2012), and Edwards et al. (2013) reported northern 

fulmar travelling over 6,000 km during incubation. 

The numbers of Manx shearwaters recorded on survey are inconsistent with population estimates 

from colony counts on the east coast of Ireland (Mitchell et al. 2004). However, similar to fulmar, 

Manx shearwaters have a large foraging range during the breeding season, and tracking studies have 

shown that birds from large breeding colonies in the UK will forage within the survey area during the 

breeding season (Guilford et al. 2008, Shoji et al. 2015), possibly reflecting proximity to the Irish Sea 

Front, which has been proposed as a Special Protected Area based on large aggregations of breeding 

Manx shearwaters (http://jncc.defra.gov.uk/page-4565). Abundance estimates for the Irish Sea of 

30,928 in 2016 were remarkably similar to modelled summer estimates from the ObSERVE Aerial 

regional surveys (31,706 individuals, Rogan et al. 2018). It is well established that Manx shearwaters 

are pelagic foragers, and the depth preferences recorded through fine-scale aerial surveys are 

consistent with tagging studies (Shoji et al. 2016). Manx shearwaters undertake a trans-equatorial, 

trans-Atlantic migration over winter with stopover areas along the coast of south America and in the 

mid-Atlantic (Guilford et al. 2009), explaining the reduction in sightings following the breeding 

season, and almost complete absence in winter surveys. 

The black-legged kittiwake is the most numerous species of gull in the world, and as a result, were 

one of the more commonly sighted species in surveys. During the summer breeding season, sightings 

were concentrated in the central part of the survey area consistent with the distribution of known and 

censused breeding colonies in Co. Dublin and Co. Wicklow (Mitchell et al. 2004), and a reported mean 

foraging range during the breeding season of 24.8km (Thaxter et al. 2012). Black-legged kittiwakes 

disperse widely across the north Atlantic during the winter, but birds from Ireland and western 

Britain remain mainly on the European side of the Atlantic (Frederiksen et al. 2012), suggesting that 

the birds sighted in winter surveys are from the same broad biogeographic population as those birds 

recorded in summer. Other gull species recorded during surveys included herring/common gulls, 

black-headed gulls, greater and lesser black-backed gulls, and little gulls. While sightings of 

herring/common gulls occurred across the range of available water depths in the survey area, more 

observations were noted in depths less than 50m, consistent with a fairly restricted foraging range in 

these species (mean foraging range 25km for common gull and 10.5km for herring gull, Thaxter et al. 

2012). Irish black-headed gulls are augmented by wintering birds from northern and eastern Europe 

and are widespread along the coast, which is consistent with the higher number of sightings during 

winter surveys. Sightings of black-headed gulls were concentrated offshore in summer. At Lady’s 

Island Lake colony Co. Wexford, there may have been a strong tendency for gulls to forage over land 

during the breeding season, suggesting that offshore sightings may include a non-breeding 

component of the population. Sightings of black-backed gulls (both lesser and greater) occurred 

throughout the survey area, although observations were predominantly in the northern transects 

which seems to reflect the location of known, censused breeding colonies of both species (Mitchell et 

al. 2004), while the little gull does not breed in Ireland and sightings in winter are consistent with 

visitors outside of the breeding season. 

Of the auk species recorded during surveys, only black guillemot and puffin could be identified to 

species level, while razorbill and guillemot were combined into a single group. There is a small 
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breeding population of black guillemots in Ireland (ROI total 3367, Mitchell et al. 2004), with the 

distribution of sightings consistent with colonies along Counties Dublin and Wicklow. Despite 

breeding colonies located on Ireland’s Eye Co. Dublin, and the nearby Saltee Islands Co. Wexford 

(Mitchell et al. 2004), relatively few sightings of Atlantic puffin were made during surveys. 

Interestingly, puffins showed one of the more limited ranges, suggesting a short foraging range 

inconsistent with previous estimates of 200km (Thaxter et al. 2012). GPS tracking of puffins on the Isle 

of May, Scotland suggest a mean maximum foraging range of 40.8km (Harris et al. 2012), and the 

distribution of sightings was very consistent with this foraging range and location of breeding 

colonies at Ireland’s Eye and the Saltee Islands. The absence of sightings following the breeding 

season is consistent with a reported overwintering migration of puffins from UK and Irish colonies to 

the Atlantic (Guilford et al. 2011, Jessopp et al. 2013). During the summer, sightings of 

razorbill/guillemot were concentrated around the central transect lines, consistent with the large 

breeding population of common guillemots on Lambay Island, and razorbill colonies on Lambay 

Island, Howth head and Ireland’s Eye, Co Dublin (Mitchell et al. 2004) and restricted foraging ranges 

during the breeding season (mean 23.7km for razorbills and 37.8km for common guillemots, Thaxter 

et al. 2012). While the broad areas of high razorbill and guillemot densities in the northernmost and 

southernmost transects in autumn and winter are likely outside of the breeding season foraging 

range, these species predominate sightings in the autumn, contributing disproportionately to the 

observed pattern of overall seabird density in autumn. There is some evidence that a persistent 

frontal zone occurs in this area. Frontal zones may result in increased foraging opportunities for 

seabirds through concentration and retention of phytoplankton, zooplankton and small shoaling fish. 

In the latter part of the breeding season, guillemot chicks abandon their colonies and follow the male 

parent out to sea to complete their development. By moving chicks out to sea, parents can reduce 

commuting time and increase the rate of prey delivery to chicks when energetic requirements are at 

their greatest. It is likely that the large aggregations of birds observed in autumn surveys consist of 

guillemot chicks with parents, taking advantage of productive foraging areas outside their usual 

breeding foraging range. As such, these areas likely represented important habitat for chick 

development in 2016. 

While the ObSERVE Aerial fine-scale surveys in the Irish Sea effectively represent point estimates of 

seasonal density and abundance, comparison with other survey and census studies in the area can 

provide important context on within-season and interannual variability in distribution and 

abundance. In 2014, the Irish Marine Institute contracted APEM Ltd to carry out a survey of the 

western Irish Sea to assess spatial overlap of seabirds with vessels. Aerial surveys using high 

resolution digital photography were conducted in March and December 2014. March surveys were 

conducted along the western coast of the Irish Sea from Dublin to Carnsore Point, while December 

surveys covered the area from Dundalk to Carnsore Point with a gap from Portmarnock in Dublin to 

Wicklow. Surveys were limited to within approximately 14km of the Irish coast. APEM produced 

abundance and density estimates for selected seabird species available in two reports (Goddard et al. 

2014, Brown et al. 2015). Mean density of seabird species from APEM surveys in December are 

roughly comparable to results obtained in winter surveys from this study (Table 5). Similar absences 

of puffins, Manx shearwater, and tern species reflect the migration of these species out of the survey 

area over winter. However, APEM surveys reported generally higher winter densities of 
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common/herring gulls, black-headed gulls and greater black-backed gulls, but lower densities of little 

gulls, and unidentified gull species, highlighting likely variability in the distribution and abundance 

of these gull species within and between seasons. Kittiwakes were far more abundant in the APEM 

survey areas (particularly the southern area) than in ObSERVE surveys where large differences 

between the northern and southern transect areas were not noted in any survey season. APEM 

surveys identified a much higher density of northern fulmar in the northern survey area that was 

similarly noted in post-breeding ObSERVE surveys, but not in winter surveys. APEM surveys also 

noted much higher densities of both scoter species and diver species than in ObSERVE surveys. The 

fact that APEM surveys were limited to waters within approximately 14km of the coast, and sightings 

of species with reported higher densities occurred disproportionately in these waters may contribute 

to the discrepancy. However, cormorants and shags, which also have a restricted coastal distribution 

had similar densities in APEM and ObSERVE surveys. This suggests some intra-seasonal or inter-

annual differences in the abundance of overwintering scoter and diver populations visiting Irish 

coastal waters outside of the breeding season. Razorbills and guillemots were commonly sighted in 

both APEM and ObSERVE surveys, and had remarkably similar densities throughout the survey 

areas in winter. The density of northern gannets was also remarkably similar between APEM and 

ObSERVE surveys.  

 

Table 5. Comparison of ObSERVE and APEM aerial survey winter seabird density in the Irish Sea. 

Species 

ObSERVE 

winter 

density 

(birds/km2) 

APEM winter 

density 

(north/south 

birds/km2)  

Cormorant/Shag 0.14 0.25/0.19* 

Fulmar 0.16 0.02/0.4 

Kittiwake 0.57 6.5/0.54 

Herring/Common gull 1.76 3.91/4.43* 

Black-headed gull 0.20 0.75/0.44 

Greater black-backed gull 0.05 0.13/1.49 

Lesser black-backed gull 0.01 0.1/0.03 

Little gull 0.17 0.07 

Small gull spp. 0.17 0.03/0.03 

Large gull spp. 0.75 0.03 

Common scoter 0.34 1.49/6.39 

Diver spp. 0.32 1.62/1.93 

Manx shearwater 0.01 0 

Northern gannet 0.03 0.12/0.02 

Black guillemot 0 0.05/0.15 

Razorbill/Guillemot 4.61 7.19/3.63 

*combined estimates from both species 

 
 

From 1998-2002 a census of all 25 seabird species that regularly breed in Britain and Ireland was 

undertaken under the auspices of ‘Seabird 2000’, the third complete census of breeding seabirds to be 

conducted in Britain and Ireland. Results of the census are lodged in the Seabird Colony Register, 
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administered by the UK Joint Nature Conservation Committee (JNCC) and summarized in the 

volume ‘Seabird populations of Britain and Ireland’ (Mitchell et al. 2004). The National Parks and 

Wildlife Service and Birdwatch Ireland are currently working on the follow-up census work to 

Seabird 2000 and some colony counts are available. While not a full national census of all breeding 

seabirds, or of breeding seabirds on the east coast, combined counts from Wicklow Head, Bray Head, 

Howth Head, Ireland’s Eye, and Lambay on the east coast, and the Saltee Islands on the south coast 

(NPWS unpublished data) can provide more recent indicative comparisons with ObSERVE fine-scale 

survey data for the Irish Sea.   

Summer ObSERVE Aerial fine-scale surveys were conducted from mid June to early July when 

seabird colonies will be well attended by at least one half of each breeding pair. The number of birds 

recorded on transect is therefore more likely to be representative of the number of breeding pairs, 

plus an unknown portion of juveniles and non-breeders than the total seabird population. For the 

purposes of comparing ObSERVE abundances with Seabird 2000 and more recent surveys, we 

compare the aerial survey abundances with the number of apparently occupied nesting sites or 

breeding pairs. Abundances from ObSERVE fine-scale aerial surveys were consistent with Seabird 

2000 estimates for some species such as cormorant/shag, black-backed gull spp, black guillemot, 

razorbill/guillemot, puffin, and some tern species, but were very different for many other species 

including fulmar, kittiwake, herring/common gull, black-headed gull, Manx shearwater, sandwich 

tern and little tern (Table 6). While the estimates of northern gannet are considerably higher than 

Seabird 2000, Seabird 2000 estimates are over 15 years old, and gannets are one of the few species that 

have increased in abundance across their range. Increases at Great Saltee, Ireland’s Eye, and Lambay 

since 2004 suggest that there are now 5,997 apparently occupied nests sites (Newton et al. 2015). 

While the ObSERVE estimate of 3228 individuals is lower than the new survey estimates, the fact that 

few birds from the Great Saltee colony seem to forage in the Irish Sea (Wakefield et al. 2013) may help 

explain why we did not see higher abundances during surveys.  

Manx shearwaters and herring/common gull were far more abundant than Seabird 2000 and more 

recent census information would suggest. While Manx shearwaters breeding in the UK have been 

shown to forage in the western Irish Sea (Guilford et al. 2008, Shoji et al. 2015), recent population 

census work by UCC also suggests that the population of Manx shearwater in Ireland has been 

massively underestimated previously (Arneill, unpublished data), both of which may account for 

some discrepancy in estimates.  

Fewer fulmar, cormorant/shag, kittiwake, black-headed gull, and sandwich tern were observed in the 

survey area than expected based on Seabird 2000 colony census data for the east coast. The Seabird 

2000 population census is now over 15 years old, and Paleczny et al. (2015) reported large ongoing 

declines in the world’s monitored seabirds from 1950. Preliminary results from 2015 breeding seabird 

counts suggest declines in northern fulmar, cormorant/shag, kittiwake, and greater black-backed gull 

numbers nationally since the Seabird 2000 census (NPWS unpublished data). The 2015 counts on the 

east coast are much more consistent with the ObSERVE Aerial fine-scale survey results than the 

previous Seabird 2000 estimates, with more similar estimates for northern fulmar and black-backed 

gull species in particular. While this suggests that aerial survey abundances are consistent with 

population declines for these species, the number of kittiwakes was still considerably lower than 

more recent census estimates. One possible reason is higher nest attendance by both parents during 
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the period that surveys were conducted, with Cadiou & Monnat (1999) suggesting that mid-June to 

early July is a period where parental attendance is highest. We also noted higher abundances of 

cormorant/shags and common/herring gulls in aerial surveys than might have been expected from 

more recent census efforts. Some of the discrepancy may be attributable to the presence of juveniles 

and non-breeders recorded during aerial surveys which make up an unknown portion of the 

population. 

 

Table 6. Comparison of estimated abundances from ObSERVE low level Irish Sea surveys with results of the 

Seabird 2000 census reported in Mitchell et al. (2004) and more recent surveys conducted by Birdwatch Ireland 

(NPWS unpublished data). Due to high colony attendance by at least one half of each breeding pair during the 

summer, aerial survey abundances are assumed to be roughly equivalent to the number of pairs or apparently 

occupied nests, sites, or territories reported in census reports. 

Species 

ObSERVE summer 

abundance 

estimate 

(individuals) 

Seabird 2000 

breeding 

estimate 

(pairs) 

2015 census 

(pairs) 

Cormorant/Shag 2805 3049* 1464* 

Fulmar 628 1235 864 

Kittiwake 5255 9742* 7192* 

Herring/Common gull 6916 1223 1273 

Black-headed gull 266 951  

Black-backed gull spp. 895 1003 681 

Manx shearwater 30928 250  

Northern gannet 3228 2077 5997 

Black guillemot 52 102*  

Razorbill/Guillemot 36255 34952* 38873* 

Puffin 229 159*  

Arctic/Common tern 4514 4293  

Roseate tern 1260 1418  

Sandwich tern 642 1799  

Little tern 652 322  

*excluding Saltee Islands, Co. Wexford due to limited foraging range or tracking 

studies suggesting birds do not forage in the Irish Sea from the south coast of 

Wexford. 
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Under the ObSERVE programme, regional-scale aerial surveys were also conducted in summer and 

winter 2015 and 2016 in offshore waters. Surveys included a stratum in the Irish Sea which was flown 

using the same aircraft and observers, but at a higher altitude (600feet, 187m). Results of these 

surveys are presented in a separate volume (Rogan et al. 2018). There was generally very good 

agreement in abundance estimates between ObSERVE fine-scale surveys and regional surveys, 

despite the fact that survey areas differed slightly, surveys were undertaken at slightly different 

times, and survey effort on the regional-level surveys was much lower than on fine-scale surveys. 

Terns, fulmar, kittiwake, Manx shearwater, and gannets were all very similar between fine-scale and 

regional surveys. Auks were generally comparable, but with overall lower abundances noted on fine-

scale surveys. However, some notable discrepancies occurred; despite relatively high abundances of 

cormorants/shags, divers, and scoters noted on the fine-scale surveys, there were very few sightings 

of these species on the regional surveys. The regional surveys had insufficient sightings to even 

generate abundance estimates in these species. This is likely due to the regional surveys having very 

little survey coverage at the coast where these species were concentrated. Conversely, gulls were 

noted to have much higher abundances on the regional surveys, although these surveys had very 

large confidence intervals around estimates (Table 7). Despite any discrepancies in the actual 

abundances reported, the relative density distribution of seabirds was generally consistent between 

fine-scale and regional surveys in both summer and winter. This suggests reduced survey coverage 

coupled with appropriate modelling techniques is a viable alternative to fine-scale surveys for a 

number of species and applications. However, where the focus of surveys is on coastal species such as 

shags, cormorants, divers and scoters, and to a lesser extent, tern species, there appears to be little 

alternative but to undertake more intensive surveys with effort concentrated along the coast. 
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Table 7. Comparison of fine-scale and regional ObSERVE aerial survey abundance estimates for summer and winter 2016.  

 
*model-based abundance estimate. See Rogan et al. (2018) for details. 
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5. Recommendations 

 

The fine-scale aerial survey programme in the Irish Sea coastal waters provided reliable density and 

abundance estimates for seabirds, identified seabird depth preferences and associations with 

bathymetric features, and delineated areas of high sightings density. The large amounts of data 

collected over a relatively short period of time and comparably lower cost than ship surveys or 

intensive colony counts demonstrate the utility of aerial surveys as a key conservation tool. In 

summary: 

 The density and abundance data generated from surveys are suitable for assessing 

population status and trends for a range of seabird species, including those of conservation 

concern. 

 The inherent difficulty in censussing burrow-nesting species in colonies means that aerial 

surveys may provide a realistic viable alternative to generating robust population estimates 

for some of these species in particular. 

 Estimated abundances based on ObSERVE seabird densities often differ from the Seabird 

2000 colony census data from the east coast. Manx shearwaters, and herring/common gull 

were far more abundant, while cormorants/shags, fulmar, kittiwake, black-headed gull, 

black-backed gull, razorbill/guillemot, and tern species were far less abundant.  

 Aerial survey abundances for fulmar, kittiwake, shag/cormorant, and black-backed gulls are 

more consistent with recent colony count data (2015) which suggest population declines in 

these species. New census data for non cliff-nesting and burrowing species is necessary to 

provide meaningful context for the remaining species. 

 Data generated on spatial and seasonal distribution of seabirds as well as depth preferences 

will be particularly useful for informing the designation of Marine Protected Areas.  

 Relative density distribution of seabirds was generally consistent between fine-scale and 

regional-level aerial surveys in both summer and winter for most seabird species (with the 

exception of cormorants/shags, scoters and diver species with a restricted inshore 

distribution), despite differences in survey height, timing, and survey coverage. This suggests 

that reduced survey coverage coupled with appropriate modelling techniques is a viable 

alternative to fine-scale surveys for a number of species and applications.  

 Where the focus of aerial surveys is on nearshore coastal species such as shags, cormorants, 

divers and scoters, and to a lesser extent, tern species, increased survey effort (more transects 

running right up to the coast) are required.  

 Additional surveys for seabirds covering coastal waters around Ireland would be particularly 

valuable in generating all-Ireland abundance estimates, and identifying candidate areas for 

seabird conservation.  
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