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Executive Summary  

In October 2020, HiDef Aerial Surveying Limited (ôHiDefõ) was commissioned by Marine Institute to 

undertake a programme of high-resolution digital video aerial surveys over an extended area of coastal 

waters off the west coast of Ireland. The core objective was to ascertain data on the distribution and 

population estimates of seabirds in coastal waters in the post-breeding and wintering season. In addition, 

data on other avian species (shorebirds and waterfowl) and marine mammals were also collected. The 

Marine Institute survey area (hereafter ôthe survey areaõ) covered an expanse of 10,620.60 km2, running 

from the coastline between the Blasket Islands in the south to Slyne Head in the north and extending 

offshore. Due to issues with the position of the outermost north-west transect falling directly on the 

survey area boundary, the survey area was extended by 1,875km to give an updated area of 10,799km2 

used in all data manipulation and presentation. 

This report provides information on the methods undertaken during survey flights and the collation of 

data, as well as species identification, and presents results from post survey analysis. 

Single surveys were flown on the 4 November and 8 December 2020 in order to sample the post- 

breeding and wintering season respectively. HiDef designed a survey that placed transects at 3.7 km 

apart across the Marine Institute survey area, to achieve a total percentage coverage of 6.60%. The 

surveys were undertaken using an aircraft equipped with four (4) HiDef Gen II cameras with sensors 

set to a resolution of 2 cm Ground Sample Distance (GSD). Each camera sampled a strip of 125 m 

width, separated from the next camera by ~25 m, which provides a combined sampled width of 500 m 

within a 575 m overall strip. However, to ensure that sufficient footage is available to allow either a 

design-based or model-based analysis, footage from only two (2) of the four (4) cameras was analysed, 

creating an analysed strip width of 250m. The remaining footage is available for analysis at a later stage 

if required. 

Data analysis followed a two-stage process in which video footage was reviewed (with a 20% random 

sample used for audit) then the detected objects were identified to species or species group level (again 

with 20% selected at random for audit). The audit of both stages requires 90% agreement to be achieved. 

Density and abundance estimates were calculated using strip transect analysis and a statistical technique 

called kernel density estimation (ôKDEõ) was used to create density surface maps. Further distribution 

analysis was conducted on six focal species using Bayesian point process modelling: kittiwake Rissa 

tridactyla, herring gull Larus argentatus, guillemot Uria aalge, razorbill Alca torde, great northern diver 

Gavia immer and fulmar Fulmarus glacialis. 

The surveys were successful in recording a total of 16,519 birds of 33 species (including 22 seabird 

species) and 219 marine mammals of four species in the post-breeding survey. A further 1,274 birds and 

20 marine mammals were recorded which were not assigned to a species. In the wintering survey, a 

total of 8,325 birds of 31 species (including 16 seabird species) and 20 marine mammals of three species 

were recorded. A further 669 birds and eight marine mammals were sighted which were not assigned 

to a species. The identification rate achieved to species level was 92.70% across the survey programme. 

The primary observations from the surveys were that: 

¶ Seabird abundance was generally higher in the post-breeding survey, with a few species 

populations increasing in the wintering survey, such as gulls, fulmar and common scoter Melanitta 

nigra; 



DOCUMENT NUMBER: HP00129-701-01 

DATE: 12 April 2021 

 

16 OF 163 

 

 

 

¶ Guillemots were by far the most abundant species recorded, with a peak relative population 

estimate of 147,259 birds (±95%CI 143,464 - 151,006) in the post-breeding survey; 

¶ Kittiwakes, razorbills and great northern diver were also most abundant in the post-breeding 

survey, with peak population estimates of 22,716 birds (±95%CI 21,280 ð 24,022), 10,848 birds 

(±95%CI 9,989 ð 11,955) and 1,162 (+95% CI 903 ð 1448) respectively; 

¶ Herring gulls and fulmar increased in abundance in the wintering survey, reaching population 

estimates of 7,773 birds (±95%CI 6,616 ð 8,854) and 9,020 birds (±95%CI 8,236 ð 9,849) 

respectively; 

¶ Consistently elevated avian densities were found near the Inner Galway Bay SPA, the Inishmore 

SPA on the Aran Islands, the Cliffs of Moher SPA, the mouth of the Shannon Estuary and Tralee 

and Brandon Bay. 

¶ Marine mammals were widely dispersed through the survey area, with common dolphin Delphinus 

delphis being the most numerous. 
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1 Introductio n 

In October 2020, HiDef Aerial Surveying Limited (ôHiDefõ) was commissioned by Marine Institute to undertake 

two high-resolution digital video aerial surveys over an extended area of coastal waters off the west coast of 

Ireland. 

The Marine Institute is a state agency whose primary role is to undertake and co-ordinate marine research and 

development, providing scientific and technical advice to inform policy and support sustainable development of 

Irelandõs marine resources. The core objective of the study was to ascertain data on the distribution and 

population estimates of seabirds in coastal waters in the post-breeding and wintering season. In addition, data 

on other avian species (shorebirds and waterfowl) and marine mammals were to be collected. 

The survey area covered an expanse of ~10,610 km2 of coastal waters off the west coast of Ireland, adjacent to 

counties Galway, Clare and Kerry. Its boundary extended from the Blasket Islands in the south to Slyne Head 

in the north, covering the coastlines in between and projecting offshore encapsulating the sub-tidal areas of 

significant embayments, including Tralee Bay, the Shannon Estuary and Galway Bay. 

Previous studies have highlighted the importance of the Atlantic Margin in supporting seabird populations, with 

the highest densities occurring in coastal areas (Mackey and Giménez, 2004; Mackey et al., 2004). The 

inaccessible nature of rocky cliffs, islands, caves and sea stacks along the west Irish coastline make the perfect 

breeding sites for large numbers of seabirds looking to avoid predation and disturbance. Concurrently, an 

abundance of food from coastal systems supplies both breeding and non- breeding birds and migrants. 

The site incorporates a total of eleven Special Protection Areas (SPA) classified under the European Council 

(EC) Directive 2009/147/EC on the Conservation of Wild Birds (ôthe Birds Directiveõ) relevant to seabirds, as 

well as a number of waders and waterfowl. These include Slyne Head to Ardmore Point Islands SPA, Inner 

Galway Bay SPA, Inishmore SPA, Cliffs of Moher SPA, Mid-Clare Coast SPA, Illaunonearaun SPA, Loop Head 

SPA, Kerry Head SPA, Tralee Bay Complex SPA, Magharee Islands SPA and Dingle Peninsula SPA. Some of these 

colonies are particularly important, with the Cliffs of Moher being the largest kittiwake colony in Ireland. 

Prominent seabird colonies also occur outside of the survey area. The Blasket Islands, adjacent to the southern 

boundary of the survey area, hold important populations of a number of seabird species. 

Post-breeding, birds begin to disperse from colonies, with certain species, such as fulmar Fulmarus glacialis and 

kittiwake Rissa tridactyla, moving further offshore to winter at sea. Some species numbers may be boosted by 

the arrival of wintering migrants from further north, such as great black-backed gull Larus marinus and common 

gull Larus canus, whilst other species may decline in number as they migrate further south, such as gannet Morus 

bassanus and Manx shearwater. Many seabird species have large foraging ranges (Woodward et al., 2019) and 

those that remain are likely to use the survey area to forage from a range of locations along the west Irish 

coast. 

Previous large scale seabird surveys of Irish waters have recorded high densities of fulmar, guillemot Uria aalge, 

gannet, kittiwake, razorbill Alca torda, herring gull Larus argentatus and great black-backed gull within the project 

area in the late post-breeding/autumn season (Mackey and Giménez, 2004), with densities generally reducing 

further into winter. Additionally, many divers, waders and waterfowl flock from their breeding grounds to 

winter along the west Irish coastline. 
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Abundant food resources also benefit marine mammals, with previous surveys of the Atlantic Margin showing 

common dolphin Delphinus delphis, bottlenose dolphin Tursiops truncatus and harbour porpoise Phocoena 

phocoena to be the most numerous in coastal areas (Ó Cadhla et al., 2004; Rogan et al., 2018). A population of 

bottlenose dolphins is known to inhabit the Shannon Estuary and utilise nearby Tralee Bay (Blázquez et al., 

2020) but the surveys carried out by Rogan et al. (2018) suggest they are more frequently sighted in summer 

than in winter within the area addressed in this survey. 

A number of Special Areas of Conservation (SACs) that protect marine mammals fall within the survey 

boundary. Slyne Head Islands SAC and Slyne Head Peninsula SAC in the north, and the Lower River Shannon 

SAC in the south, list bottlenose dolphin as a qualifying interest. Kilkieran Bay and Islands SAC and Galway Bay 

Complex SAC in the north list harbour seal Phoca vitulina. Slyne Head Islands SAC and Blasket Islands SAC, just 

beyond the south boundary, list grey seal Halichoerus grypus. 

The core objectives for this contract were: 

A: To conduct a post-breeding and wintering digital aerial survey of birds in the area (between September 2020 

and January 2021) using transect based designs perpendicular to the coast; 

B: To provide estimates (with specified precision) of populations of each species for each survey, where 

abundance and distribution allowed, using appropriate statistical methods; 

C: To provide distribution maps by species for each survey. 

D: Conduct further distribution modelling using Bayesian methods on six focal species, later agreed with Marine 

Institute to be: kittiwake, herring gull, guillemot, razorbill, great northern diver Gavia immer and fulmar. 

Sub-tidal areas of the prominent bays (Tralee, Galway and the Shannon Estuary) were to be included. Individual 

bird sightings were to be geo-referenced, and to include an assessment of behaviour (sitting, flying) and bearing. 

Additional secondary objectives were: 

E: To provide counts of marine mammals, by species, when encountered opportunistically during the survey. 

Final deliverables provided to Marine Institute included georeferenced data on all individual bird and marine 

mammal sightings; a reference set of images for each species; distribution maps by species for each survey; 

estimates of population of each species for each survey and a final report that presented these findings. 

This report is the culmination of the contracted project, providing results from the post-breeding and wintering 

surveys undertaken on 4 November and 8 December 2020 at the Blasket Islands to Slyne Head survey area. 

Analyses are presented in the form of raw counts, density surface distribution maps and population estimates 

with confidence intervals. Additionally, distribution modelling using Bayesian methods is presented for six focal 

seabird species. A discussion has been provided on the representativeness of the results. 
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2 Methods  

2.1 Survey flights  

A series of pre-set strip transects were flown on a monthly basis in November and December 2020, following 

the protocol agreed with Marine Institute in October 2020. 

HiDef designed the survey methodology to provide information suitable to support accurate environmental 

assessment of the abundance and distribution of seabirds and marine mammals off the west coast of Ireland, 

from the Blasket Islands in the south to Slyne Head in the north extending offshore. 

For this reason, HiDef designed a survey that placed transects at 3.7km apart across the survey area (Figure 1), 

creating an overall survey area of 10,610km2. The survey design consisted of 51 transects extending roughly 

north-west to south-east, perpendicular to the main gradients affecting the distribution of seabirds and marine 

mammals. 

HiDef proposed a transect-based survey design in which strip transects are placed approximately perpendicular 

to the main gradients. A non-stratified approached was adopted, resulting in evenly spread transects throughout 

the study region. The main gradients considered were associated with bathymetry, salinity, thermal stratification 

and location of colony. By crossing these gradients at approximately right angles, it ensures animal abundance is 

sampled across a wide range of habitat values. 

Surveys were undertaken using four (4) aircraft each equipped with four (4) HiDef Gen II cameras with sensors 

set to a resolution of 2 cm Ground Sample Distance (GSD). Each camera sampled a strip of 125m width, 

separated from the next camera by ~25m, thus providing a combined sampled width of 500m within a 575m 

overall strip. 

To allow a target of at least 6.6% site coverage, and to fit to the financial budget, while ensuring an adequate 

number of transects, HiDef agreed with Marine Institute that only data from two (2) cameras would be 

processed. Not only does this ensure Marine Institute has a survey designed with sufficient coverage, but it also 

offers the potential for the subsequent review and identification of additional data without undertaking 

additional survey, should unusual observations be made, or should additional counts be required. 

The surveys were flown using specialist survey aircraft flying along the transect pattern shown in Figure 1 at a 

height of approximately 550m above sea level (ASL) (~1800õ), following recommendations from Thaxter et al. 

(2016), who suggest a minimum flight height of 500m ASL. Flying at this height ensures there is no risk of flushing 

species which have been proven to be easily disturbed by aircraft noise such as common scoter Melanitta nigra, 

which were known to frequent the study region. Even small amounts of responsive movement away from the 

aircraft would be sufficient to affect final abundance estimates. 

Position data for the aircraft was captured from a Garmin GPSMap 296 receiver with differential GPS enabled 

to give 1m for the positions and recording updates in location at one second intervals for later matching to bird 

and marine mammal observations. 
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Figure  1 Survey design showing  Marine  Institute  survey area with  3.7km  spaced transects  
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2.2 Data  Review and Object  Detection  

Data were viewed by trained reviewers who marked any objects in the footage as requiring further analysis, 

as well as determining which are birds, marine megafauna (defined within this report as cetaceans, pinnipeds 

or other large, non-avian marine fauna) or anthropogenic objects such as ships or buoys. 

As part of HiDefõs quality assurance (QA) process, an additional ôblindõ review of 20% of the raw data was 

carried out and the results compared with those of the original review. If 90% agreement is not attained 

during the QA process, then corrective action is initiated: the remaining data set is reviewed and where 

appropriate, the failed reviewerõs data discarded and all the data re-reviewed. In addition, additional training 

is then given to the reviewer to improve performance. 

Objects are only recorded where it reaches a reference line on screen (known as òthe red lineó) which 

defines the true transect width of 125m for each camera. By excluding objects that do not cross the red 

line, biases to abundance estimates caused by flux (movement of objects in the video footage relative to the 

aircraft, such as õwing wobbleõ) are eliminated. 

Object Identification 

Images marked as requiring further analysis were reviewed by specialist ornithologists1 for identification to 

the lowest taxonomic level possible and for assessment of the approximate age and the sex of each animal, 

as well as any behaviour traits visible from the imagery. 

The aims of identification are four-fold: 

To identify objects detected by the reviewers and classify as many to species level as possible; 

To discriminate between animate and inanimate objects and where apparent to detect new objects; 

To record additional information where possible, such as behaviour, age and sex; 

To ensure identifications are as accurate as possible through a robust audit process 

At least 20% of all objects were subjected to an external QA process. If less than 10% disagreement is not 

attained then corrective action is initiated: if appropriate, the failed reviewerõs data is discarded and the data 

re-reviewed. Any disputed identifications are passed to a third-party expert ornithologist for a final decision. 

All objects are assigned to a species group (genus/family) and where possible, each of these then further 

identified to species level. The species identifications are given a qualitative confidence rating of ôpossibleõ, 

ôprobableõ or ôdefiniteõ2. 

It is important to note that these confidence ratings are not a standardised assessment. The likelihood of 

achieving a definite or probable identification is not consistent for all component members of a 
 

 
1 HiDef currently employs three (3) of the ten (10) current members of the British Birds Rarities Committee (òBBRCó) 

as expert ornithologists 

2 Possible: more likely to be this species or species group than anything else. Probable: very likely to be this species 

or species group. Definite: as certain as is reasonably possible. 
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species group. For example, someone undertaking ID of a large auk species will find it easier to be 

confident of guillemot identification than razorbill. If these confidence scores are used to filter or weight 

the probability of large auk being one species or another in any analysis, then this will lead to biased 

results, particularly if the identification rate is low. 

Any animals that could not be identified to species level were assigned to a category ôNo IDõ and categorised 
by their wider species group. If, on occasion, the unidentified bird is suspected of belonging to two possible 

genera, then a broader group category may be used. For example, a bird would usually be assigned to the 
group category ôShearwater speciesõ if identified as a Manx shearwater, or to ôAuk speciesõ if identified as a 

guillemot. However, if the bird has the potential to be either, then it would be assigned to the group category 
ôShearwater / Auk speciesõ and the species level recorded as ôNo IDõ. Most species groups are self-

explanatory, with the occasional exception of auks and divers, which when exhibiting diving behaviour may 
be more problematic to identify. Broader species groups used within the present study are shown in Table 

1. 

 Tabble 1: First  level  species groups used in identification  process where  species level 

identification was not possible  
 

Species group (No ID)  

Auk / shearwater species Large auk / diver species 

Auk / small gull species Large gull species 

Auk species Skua species excluding great 

Black-backed gull species Small auk 

Cormorant / shag Small bird species 

Diver species Small gull species 

Duck species Tern / small gull species 

Fulmar / gull species Wader species 

Grebe species Seal species 

Gull species Dolphin species 

Large auk Cetacean species 

 

 

Basic seabird behaviour was classified, such as ôdivingõ, ôsittingõ, or ôflyingõ; in the latter case the direction 

of travel was recorded. Details on approximate age and sex were noted where possible, as well as any 

other points of interest such as foraging behaviour. 

In the case of marine mammals, surfacing behaviour was categorised as either ôsurfacingõ, ôsurfacing at 

red lineõ, ôsubmergedõ or ôunknownõ. Surfacing behaviour was defined as any part of the non-avian 

animalõs body breaking the surface of the water in any frame. Surfacing at the red line (or ôsnapshot 

surfacingõ) is where the head of a seal or dorsal fin of a cetacean are clear of the water surface in the 
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middle frame of the sequence in which the animal is present (i.e., the frame nearest to the ôred lineõ on 

the operatorõs screen). 

All anthropogenic activity was recorded, categorised as either ôman-made objectõ, ôfishing boatõ or ôother boatõ. 

2.3 Final processing 

All data were geo-referenced, taking into account the offset from the transect line of the cameras, and 

compiled into a single output; Geographical Information System (GIS) files for the Observation and 

Track data are issued in ArcGIS shapefile format, using UTM29N projection, WGS84 datum. 

2.4 Data  analysis 

2.4.1 Data  treatment  

Due to the outermost north-west transect falling directly on the shapefile boundary, some observations 

were lost when reduced to this area, owing to minor deviations in the flight path. To account for this 

and ensure all viable data recorded was included, the shapefile was extended by 1.875km outside of this 

upper transect, to give an updated area of 10,799km2 (Figure 2). For the remainder of the report all 

mention of the study area refers to the extended study area, unless otherwise stated. 

After basic presentation, data for November and December 2020 were processed to estimate 

abundance and distribution of the key species and species groups. All confidence levels of species 

identifications were used in the analysis. In the analysis of species groups, rationalisation of the full list 

of species groups was carried out to simplify the interpretation. Where identification to species was 

not possible analysis was carried out at species group level. No apportioning of ôpartially identifiedõ birds 

or mammals to species level was undertaken for the purposes of this report. 

Figure  2 Extension  of shapefile for  data  analysis 
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2.4.2 Strip  transect analysis 

The abundance of each species observed was estimated separately using a design-based strip 

transect analysis with variance and confidence intervals (CI) derived through 1,000 bootstraps. 

The bootstrapping technique uses total length of transect to limit selection rather than total 

number of transects. This method has a particular advantage when transects are of unequal length 

and provides better precision estimates. 

In a strip transect analysis, each transect is treated as an independent analysis unit, and the 

assumption is made that transects can be treated as statistically independent random samples from 

the site. The length of each transect and its breadth (i.e. the width of the field of view of the 

camera) multiplied together give the transect area; dividing the number of observations on that 

transect by the transect area gives a point estimate of the density of that species for the site. The 

density of animals at the site (and hence the population size), the standard deviation, the 95% CI 

and coefficient of variance (CV) are then estimated using a non-parametric bootstrap method with 

replacement (Buckland et al., 2001). 

The upper and lower 95% confidence intervals were performed by way of a blocked bootstrapping 

technique in order to ensure equal transect effort was sampled across each iteration. This was 

done by using transect ID as the sampling unit with replacement, and then randomly sampling until 

the total length of the sampled transects equalled approximately the same length as the total 

survey length. A total of 1,000 bootstrap iterations were performed from which we calculated the 

mean and standard deviation of the sampled means, as well as the relative standard error as 

defined by the standard deviation divided by the mean. Data were processed in the R programming 

language (version 4.0.3) and code can be provided on request. 

The density estimate is expressed as the average number of animals per square km surveyed over 

the whole site, and the population estimate is then calculated as the average density multiplied up 

to the area of the whole site. The standard deviation is a measure of the variance of the population 

estimate, standardised by the number of samples (transects). The upper and lower CI define the 

range that the population estimate falls within with 95% certainty. The CV, also referred to as the 

relative standard error, is a measure of the precision of the population and density estimates. A 

CV value of less than 16% allows a 50% decline or 100% increase in abundance between two 

samples to be detected with greater power than 0.8. For any diving species included in the present 

study, all abundance estimates relate to relative abundance. 

2.4.3 Density  mapping  

Density maps were created to display the distribution of prominent seabird and marine mammal 

species. These species were selected based on their high abundance or their significance at nearby 

SPAs. The density maps have been derived using a Watson-Nadaraya type kernel density 

estimation (òKDEó) technique (Simonoff, 1996). In KDE, a small ôwindowõ function (the kernel) is 

used to calculate a local density at each point in the study area. To evaluate the density at a given 

point, the kernel is centred on that point and all the observations within the window are summed 

to obtain a local count. The total area of the transect(s) intersecting the window is then summed 

to obtain a local measure of effort. By dividing the local count by the local effort, a local density 

estimate is obtained. To build a density map, the study area is covered with a fine mesh of study 

points and the density is calculated at each point in the mesh in turn. 

Kernel techniques are robust and not as complex as other density estimation techniques because 

they have few parameters; as a result, they are arguably the easiest density surface technique to 
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reproduce independently. The only variables are the size and shape of the kernel or window 

function. For these 
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analyses, we have used a Gaussian window function, which has the advantages of being smooth, 

rotationally symmetric and easy to compute. The shape of the Gaussian window is determined by 

a single width parameter; the selection of this parameter is the only variable in the computation 

of the density maps. 

Rather than set the width parameter arbitrarily, we have used a leave-one-out cross validation method. 
Cross validation estimates the predictive power of a model by removing some of the data from the data 

set and using the remainder of the data and the model to predict the values for the data that was 
removed. The closer the predicted values represent the removed data, the better the model 

performance and the width parameter used in the model. 

To cross validate between the measured and predicted density to the survey area, each transect is 
subdivided into 1km long segments. To evaluate a particular choice of kernel width, each segment is 

removed in turn, use the kernel and the remaining data to predict the density of the missing segment 
and subtract the known value from the prediction to obtain an error score. This process is repeated 

for every segment and the error scores for all segments are squared and summed to give a total 
performance score for that particular choice of kernel width. The kernel width is then varied and the 

process repeated; if the new score is lower than the old, the new kernel width is a better choice than 
the previous value. An exhaustive search over all kernel widths is then used to identify the best global 

choice. The result of the process is a smooth density estimate which has been derived without any 
manual parameter selection. The whole process is repeated from scratch for each map, as different 

kernel sizes are appropriate for different species. 

It should be noted that several of the KDE maps are essentially ôflatõ where the predicted density is 
effectively the same throughout the entire predicted distribution map. These correspond to 

distributions where the density surface as obtained from a small local kernel was not effective at 
predicting missing data; this can happen with evenly distributed birds but can also happen for very sparse 

distributions. In the case of sparse distributions, the ôflatõ map does not necessarily mean that the true 
underlying distribution is ôflatõ; it could mean that the data doesnõt contain enough evidence to determine 

what the underlying distribution is. It is therefore useful to refer back to the population estimates for 
the corresponding map when looking at these ôflatõ densities; we have also overlaid the relevant 

observations as dots to help with interpretation of the maps. In extreme cases, the maps were not 
included in the results section, and the data presented as dot maps. 

For less abundant bird and non-avian species, as well as those only partially identified to group level, 

density mapping was not undertaken. Instead, distribution is illustrated by dot maps. 
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2.4.4 Point  process modelling  

Density estimates were also produced using a point process model in a Bayesian framework for 

kittiwake, herring gull, guillemot, razorbill, great northern diver and fulmar. Species were selected in 

agreement with Marine Institute, based on their prominence or significance at the site. The models 

were fit using the òinlabruó package, version 2.1.13 (Bachl et al., 2019) in R Core Team (2013) 4.0.3. 

Because digital aerial surveys do not sample 100% of the study area (see section 2.1), the data need to 

be extrapolated between transects to compare bird densities with the shore-based surveys within 

comparable areas. While KDE also extrapolates data (see section 2.5.3), it is a deterministic method 

which does not use information about the sampling errors in the data and thus does not provide any 

estimation of errors in the outputs. 

Alternative stochastic spatially-explicit modelling exercises can be done by associating covariates to 

observations, and then predicting (extrapolating) into areas where we have information on the 

covariates (such as latitude and longitude), but not on observations. The Bayesian point process model 

offers an advantage over the standard KDE approaches as it takes into account the unequal survey effort 

in and between transects; weighting those areas differently due to the uncertainly in the predictions in 

those areas. The KDE approach assumes equal survey effort across the entire study area, which is the 

reason circular rings are generated around observations. In KDE, the mapped densities are simply a 

function of distance to points and the magnitude of the values of the observations. 

A point pattern records the occurrence of events in a study region where the locations of these 

observations depend on an underlying spatial process. This spatial process can be characterised using 

the Cox process, which is a Poisson process with intensity Ǩ(s) that varies in space. This intensity 

function measures the average number of events per unit of space, and it can be modelled to depend 

on covariates and other effects (Diggle, 2014; Baddeley et al., 2015). 

Under the log-Cox point process model assumption, log intensity of the Cox process is modelled 

with a Gaussian linear predictor. In this case, the log-Cox process is known as a log-Gaussian Cox 

process (LGCP; Møller et al., 1998), and inference can be made using the Integrated Nested Laplace 

Approximation approach (INLA; Illian et al., 2012), which was developed as a computationally efficient 

alternative to Markov Chain Monte Carlo (MCMC) methods (Robert and Casella 2010; Brooks et al., 

2011). The log-Gaussian part of the LGCP name comes from modelling log(Ǩ(s)) as a latent Gaussian 

(conditional on a set of hyper-parameters), in the typical GLM/GAM framework. 

To fit these models in INLA we used the stochastic partial differential equation (SPDE) approach 

(Simpson et al., 2016). The SPDE approach consists of representing a continuous spatial process (e.g. a 

latent stationary Gaussian Field) with the Matèrn covariance function as a discretely indexed spatial 

random process (e.g. a Gaussian Markov Random Field (GMRF); Rue and Held, 2005). This approach is 

computationally efficient while accounting for spatio-temporal interdependence and autocorrelation in 

the data and it considers a direct approximation of the log-Cox point process model likelihood, where 

observations are modelled considering their exact locations instead of binning them into cells. Along 

with the flexibility for defining a mesh, this approach can handle non-rectangular areas. 

The digital aerial surveys were modelled using only the spatial parameters (i.e., x and y coordinates 

of observations) as covariates under this approach which characterised the distribution and abundance 

of birds based on the location of individual observations. Environmental covariates were not used due 

to time constraints on data acquisition and tuning of hyperparameters that would be required to fit 

the model. 
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Model predictions were output to a 1 x 1 km grid resolution, with each grid of the output raster 

containing a distribution of predicted density of birds. These distributions are presented in several 

ways for each of the focal species. The mean predicted density for each grid cell is presented in an 

individual figure, on the same scale as the KDE maps presented for non-focal species, i.e., all 

estimates of 50+ birds are pooled into the same colour band. A second figure presents the lower 

and upper 2.5% and the standard deviation of the predicted density distribution for each grid cell. 

It should be noted that the colour scale for these plots represents the full predicted distribution 

rather than truncating at 50 birds. This allows for the small differences between the lower and 

upper credible intervals to be observed when the predicted density is very small or very large. As 

Bayesian models will always assign a probability to each grid cell, the estimated density will never 

reach exactly zero, and this will be clearer for species where estimated density is low e.g., wintering 

great northern divers. The second figure also includes a bottom panel which plots the full predicted 

density distribution (the posterior marginals) across all grid cells, from which the total population 

abundance for the survey area is presented. 
 

 

3 Results 

3.1 Survey effort  

The date, number of transects and survey effort (as expressed by length of transects) undertaken 

in November and December 2020 are shown in Table 2. The number of transects and the total 

length of transects are those used in subsequent analysis. Weather and sea conditions experienced 

during November and December aerial surveys are presented in Figure 4. 

The same transect lines were used for each survey, although effort differed slightly between 

surveys. This was caused by minor differences in start and stop times for transects and minor 

deviations of the aircraft from the transect line. 

Table 2 Survey effort  across the  Marine  Institute  project  area in November  and December 

2020 

 

 

Survey date  
Survey 

Number  

Number  of 

transects 

analysed 

Total  length 

of transects 

analysed (km)  

Area 

Covered 

(km²)  

Area 

Covered 

(%) 

04 November 2020 1 51 2901.6 725.4 6.7 

08 December 2020 2 51 2902.7 725.7 6.7 
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Table  3 Weather  and sea conditions  experienced  during  November  and December  aerial  surveys 

 

 

Survey date  
Survey 

Number  

Aircraft 

number  

 

Start of  survey 

 

End of survey 
Hours  on 

task 

Glare 

(average)  

Sea state 

(average)  

Turbidity 

(average)  

 

 

04 November 2020 

 

 

1 

1 10:23 15:19 4:56 1.01 2.42 0.00 

2 12:00 15:55 3:55 0.99 1.94 0.16 

3 10:22 14:22 4:00 1.01 2.46 0.00 

4 10:19 13:24 3:05 0.77 1.26 0.76 

 

 

08 December 2020 

 

 

2 

1 10:46 14:39 3:53 1.24 2.88 0.00 

2 10:23 15:11 4:48 1.00 2.85 0.00 

3 09:44 13:46 4:02 0.95 3.80 0.00 

4 09:39 12:50 3:11 1.04 1.38 0.72 
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3.2 Survey results  

The total number of objects detected in each survey flight, as well as numbers of species and species 

group are presented in Table 5 to Table 6. 

The analysis of data to species level uses all levels of identification confidence, with the overall 

identification rate of birds and non-avian animals to species level for the two surveys being: 

Table 4 Survey identification rates in the Marine In stitute survey area in November and 

December 2020  

 

Survey date  ID  rate  to  species (%) 

04 November 2020 92.84 

08 December 2020 92.56 

Average  92.70% 
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Table 5  Number  of objects  detected  during  each survey assigned to  species level 

November and December 20 20 

 

 

Species 

 

Scientific 

Name  

Post-breeding 

survey 

November  2020 

Wintering 

survey 

December  2020 

 

Total  

Brent goose Branta bernicla 114 70 184 

Mute swan Cygnus olor 4 7 11 

Eurasian Wigeon Mareca penelope 61 109 170 

Mallard Anas platyrhynchos 8 26 34 

Teal Anas crecca 0 62 62 

Eider 
Somateria 

mollissima 
1 0 1 

Common scoter Melanitta nigra 99 163 262 

Goldeneye Bucephala clangula 0 3 3 

Red-breasted 

merganser 
Mergus serrator 12 41 53 

Great crested 

grebe 
Podiceps cristatus 6 2 8 

Slavonian grebe Podiceps auritus 0 2 2 

Oystercatcher 
Haematopus 

ostralegus 
25 62 87 

Grey plover Pluvialis squatarola 1 0 1 

Curlew Numenius arquata 17 137 154 

Bar-tailed godwit Limosa lapponica 0 3 3 

Black-tailed godwit Limosa limosa 0 18 18 

Redshank Tringa totanus 0 13 13 

Kittiwake Rissa tridactyla 1757 537 2294 

Black-headed gull 
Chroicocephalus 

ridibundus 
128 117 245 

Common gull Larus canus 348 500 848 

Great black- 

backed gull 
Larus marinus 85 137 222 

Herring gull Larus argentatus 821 1092 1913 

Lesser black- 

backed gull 
Larus fuscus 1 6 7 

Sandwich tern Sterna sandvicensis 1 0 1 

Great skua Stercorarius skua 3 0 3 



DOCUMENT NUMBER: HP00129-701-01 

DATE: 12 April 2021 

31 OF 163 

 

 

 

 

Species 

 

Scientific 

Name  

Post-breeding 

survey 

November  2020 

Wintering 

survey 

December  2020 

 

Total  

Arctic skua 
Stercorarius 

parasiticus 
2 0 2 

Guillemot Uria aalge 11,119 3888 15,007 

Razorbill Alca torda 858 391 1249 

Black guillemot Cepphus grylle 61 36 97 

Puffin Fratercula arctica 64 0 64 

Red-throated diver Gavia stellata 55 41 96 

Great northern 

diver 
Gavia immer 103 23 126 

Fulmar Fulmarus glacialis 545 746 1291 

Sooty shearwater Ardenna grisea 3 0 3 

Manx shearwater Puffinus puffinus 6 0 6 

Gannet Morus bassanus 186 86 272 

Shag 
Phalacrocorax 

aristotelis 
21 2 23 

Cormorant 
Phalacrocorax 

carbo 
3 3 6 

Little egret Egretta garzetta 1 2 3 

Grey seal Halichoerus grypus 0 7 7 

Harbour seal Phoca vitulina 2 0 2 

Minke whale 
Balaenoptera 

acutorostrata 
2 0 2 

Common dolphin Delphinus delphis 194 6 200 

Harbour porpoise 
Phocoena 

phocoena 
21 7 28 

Total  16,738 8345 25,083 
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Table 6  Number  of objects  with  no species ID,  but  assigned to  family/genus,  detected 

during each survey assigned to species groups November and December 2020  

 

 

Species group  (No  ID)  

Post-breeding 

survey 

November  2020 

Wintering 

survey 

December  2020 

 

Total  

Duck species 4 15 19 

Grebe species 1 0 1 

Wader species 29 211 240 

Small gull species 102 40 142 

Black-backed gull species 3 0 3 

Large gull species 11 14 25 

Gull species 30 61 91 

Tern / small gull species 0 1 1 

Skua species excluding great 1 0 1 

Large auk 643 156 799 

Small auk 3 1 4 

Auk species 357 94 451 

Auk / small gull 20 14 34 

Large auk / diver species 5 7 12 

Auk / shearwater species 23 0 23 

Diver species 10 24 34 

Fulmar / gull species 13 27 40 

Cormorant / shag 0 1 1 

Small bird species 19 3 22 

Seal species 5 7 12 

Dolphin species 11 0 11 

Cetacean species 3 1 4 

Total  1293 677 1970 
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3.3 Population  estimates  

Density and population estimates, calculated for the survey area as a whole, are presented below. 

The density, total estimated population, upper and lower 95% CI, standard deviation and CV for 

each species and species group have been calculated using strip transect analysis with 1,000 

bootstraps (section 3.3.1). Estimates for six focal species have been further derived using Bayesian 

point process modelling (section 3.3.2). 

Definitions of key terms used in the interpretation of these results are presented in Table 7. 

Table 7 Terms  used in population  analysis 
 

Term  Definition  

Density estimate 

(birds/km2) 

The average number of birds (or animals) per square km surveyed over 

the whole survey area 

Population estimate 

(number) 

The mean number of birds (or animals) estimated to exist in the whole 

survey area 

95% confidence intervals or 

ôlimitsõ of population 

(CI) 

A measure of uncertainty in the mean value. If the analysis was repeated, 

95% of the time the mean population estimate would fall within this 

upper and lower boundary. The smaller the relative CI range, the more 

confident we can be that the mean estimate is an accurate reflection of 

the true population size. 

Standard deviation (SD) of 

population estimate 

The amount of variation or dispersion of a set of values. A low SD 

indicates that the bootstrap values tend to be close to the mean of the 

set. 

CV (%) The coefficient of variation is a standard measure that describes the 

dispersion of data points around the mean. The lower the CV the more 

precise the estimate. It is calculated as the SD / mean. 

Relative abundance In the case of diving birds and mammals, this is the estimated population 

size based on animals recorded on or above the sea surface and does 

not account for any that may be diving and thus submerged at the time 

of survey. 

Credible intervals In Bayesian statistics, credible intervals are the intervals within which a 

parameter value falls with a particular probability. For the purpose of this 

report, they can be interpreted in the same way as confidence intervals. 

Posterior marginal 

distribution 

A posterior distribution is the output of a Bayesian model. It provides a 

distribution of density estimates for each grid, rather than a single 

estimate as in the KDE. This distribution is produced because the 

Bayesian models allow for the incorporation of uncertainty and uneven 

sampling effort across the study area. 
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3.3.1 Strip  transect analysis 

Table 8  Density  and population  estimates  of species groups in the  Marine  Institute  survey area during  the post -breeding  survey on 04 

November 2020, derived through strip transect analysis  

 

 

 

Cat egory  

 

Density  estimate 

(n/km²)  

 

Population 

estimate 

(number)  

Lower 95% 

confidence  limit 

of population 

(number)  

Upper 95% 

confidence  limit 

of population 

(number)  

Standard 

deviation  of 

population 

estimate 

(number)  

 

 

CV (%) 

Broad  category  

All birds 24.65 264959 215497 335964 30869 11.65% 

All non-avian animals 0.33 3552 2254 4937 684 19.23% 

Species group  

Goose species 0.16 1756 0 4867 1449 82.54% 

Swan species 0.01 61 0 149 44 71.33% 

Duck species 0.24 2612 659 5320 1257 48.13% 

Grebe species 0.01 106 15 220 52 48.97% 

Wader species 0.1 1025 291 2092 465 45.32% 

Small gull species 3.1 33370 22648 47122 6352 19.03% 

Black-backed gull species 0.03 335 146 583 114 34% 

Large gull species 1.15 12369 5229 21851 4293 34.70% 

Gull species 0.21 2280 1025 3835 727 31.86% 

Tern species 0 16 0 45 15 94.50% 

Skua species 0 45 0 101 25 54.43% 
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Skua species excluding great 0 44 0 89 25 55.99% 

Large auk 17.14 184205 149764 227922 20082 10.90% 

Small auk 0.01 148 0 331 83 55.90% 

Auk species 0.92 9894 7415 12601 1308 13.21% 

Auk / small gull 0.03 328 158 538 98 29.87% 

Large auk / diver species 0.01 161 74 264 49 30.41% 

Auk / shearwater species 0.04 458 206 784 149 32.49% 

Diver species 0.22 2386 1244 3811 677 28.34% 

Fulmar / gull species 0.77 8273 5512 11912 1617 19.54% 

Shearwater species 0.01 132 57 221 44 32.82% 

Gannet species 0.25 2703 1513 4569 818 30.25% 

Cormorant species 0.03 356 189 567 100 27.89% 

Heron species 0 15 0 45 15 100.13% 

Small bird species 0.02 268 133 418 76 28.21% 

Seal species 0.01 104 30 192 41 39.31% 

Dolphin species 0.28 3041 1840 4405 652 21.43% 

Cetacean species 0.04 385 193 615 109 28.17% 
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Table 9  Density  and population  estimates  of species in the Marine Institute  survey area during  the post -breeding  survey on  04 November  2020, 

derived through strip transect analysis  

 

 

 

Category  

 

Density  estimate 

(n/km²)  

 

Population 

estimate 

(number)  

Lower 95% 

confidence  limit  of 

population 

(number)  

Upper 95% 

confidence  limit  of 

population 

(number)  

Standard 

deviation  of 

population 

estimate 

(number)  

 

 

CV (%) 

Species 

Brent goose 0.15 1605 0 4679 1404 87.44% 

Mute swan 0.01 61 0 148 44 70.98% 

Wigeon 0.07 795 0 2400 809 101.67% 

Mallard 0.01 113 0 309 85 75.16% 

Eider 0 15 0 58 15 103.23% 

Common scoter 0.13 1442 115 3305 873 60.57% 

Red-breasted merganser 0.02 179 0 503 147 82.17% 

Great crested grebe 0.01 93 15 178 46 49.70% 

Oystercatcher 0.03 376 30 964 273 72.48% 

Curlew 0.02 249 88 465 97 38.80% 

Kittiwake 2.42 26033 17960 36890 4874 18.72% 

Black-headed gull 0.17 1853 907 3140 584 31.53% 

Common gull 0.48 5201 2350 9465 1841 35.39% 

Great black-backed gull 0.12 1279 713 1981 336 26.28% 

Herring gull 1.12 12019 5319 20759 3898 32.43% 
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Lesser black-backed gull 0 15 0 45 15 101.64% 

Sandwich tern 0 16 0 45 15 93.77% 

Great skua 0 45 0 102 26 56.98% 

Arctic skua 0 31 0 74 22 70.26% 

Guillemot 15.37 165199 133623 206692 18672 11.30% 

Razorbill 1.19 12789 9790 16056 1660 12.98% 

Black guillemot 0.08 867 344 1523 300 34.57% 

Puffin 0.09 944 557 1354 213 22.56% 

Red-throated diver 0.07 795 280 1567 343 43.09% 

Great northern diver 0.14 1534 721 2640 509 33.17% 

Fulmar 0.74 7975 5192 11341 1594 19.99% 

Sooty shearwater 0 45 0 89 23 51.01% 

Manx shearwater 0.01 90 30 171 37 40.48% 

Gannet 0.25 2709 1505 4753 836 30.83% 

Shag 0.03 312 146 515 95 30.24% 

Cormorant 0 45 0 103 26 57.92% 

Little egret 0 16 0 45 15 96.38% 

Harbour seal 0 30 0 75 22 74.39% 

Minke whale 0 31 0 74 21 69.51% 

Common dolphin 0.27 2878 1708 4207 645 22.41% 

Harbour porpoise 0.03 312 161 475 85 27.21% 
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Table 10  Density  and population  estim ates of species groups in the  Marine Institute survey  area during  the wintering  survey on 08 December 

2020, derived through strip transect analysis  
 

 

 

Category  

 

Density  estimate 

(n/km²)  

 

Population 

estimate 

(number)  

Lower 95% 

confidence  limit 

of population  

(number)  

Upper 95% 

confidence  limit 

of population 

(number)  

Standard 

deviation  of 

population 

estimate 

(number)  

 

 

CV (%) 

Broad  category  

All birds 12.19 130991 86599 187501 25523 19.48% 

All non-avian animals 0.04 415 231 635 104 25.08% 

Species group  

Goose species 0.09 1019 29 2637 725 71.16% 

Swan species 0.01 76 0 223 75 97.94% 

Duck species 0.57 6158 1763 11745 2619 42.53% 

Grebe species 0 44 0 103 26 59.28% 

Wader species 0.58 6288 1891 11768 2632 41.86% 

Small gull species 1.51 16197 8361 26743 4704 29.04% 

Black-backed gull species 0.1 1033 422 1944 389 37.60% 

Large gull species 1.39 14975 6076 26653 5263 35.14% 

Gull species 0.4 4281 1414 7999 1759 41.08% 

Tern / small gull species 0 15 0 45 15 97.25% 

Large auk 6.01 64544 41208 93308 14222 22.03% 

Small auk 0 14 0 45 14 97.31% 

Auk species 0.23 2466 1421 3888 624 25.29% 
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Auk / small gull 0.04 462 118 908 202 43.63% 

Large auk / diver species 0.02 180 60 314 66 36.45% 

Diver species 0.12 1271 602 2118 386 30.35% 

Fulmar / gull species 1.05 11337 7117 16774 2628 23.17% 

Gannet species 0.12 1277 643 2115 381 29.78% 

Cormorant species 0.01 90 28 178 42 46.53% 

Small bird species 0 29 0 74 20 69.61% 

Seal species 0.02 206 88 385 76 36.65% 

Dolphin species 0.01 87 15 205 52 59.03% 

Cetacean species 0.01 118 30 229 50 42.47% 
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Table 11  Density  and population  estimates  of species in the  Marine  Institute  survey area  during  the  wintering  survey on  08 December  2020, derived 

through strip transect analysis  

 

 

 

Category  

 

Density  estimate 

(n/km²)  

 

Population 

estimate 

(number)  

Lower 95% 

confidence  limit 

of population 

(number)  

Upper 95% 

confidence  limit 

of population 

(number)  

Standard 

deviation  of 

population 

estimate 

(number)  

 

 

CV (%) 

Species 

Brent goose 0.1 1068 30 3117 810 75.80% 

Mute swan 0.01 78 0 223 76 97.79% 

Wigeon 0.15 1663 58 4963 1370 82.37% 

Mallard 0.02 258 0 619 162 62.77% 

Teal 0.08 898 0 2753 906 100.94% 

Common scoter 0.23 2483 0 6265 1719 69.21% 

Goldeneye 0 45 0 134 45 100.45% 

Red-breasted merganser 0.06 597 160 1215 282 47.13% 

Great crested grebe 0 29 0 75 22 74.26% 

Slavonian grebe 0 15 0 45 15 100.73% 

Oystercatcher 0.08 885 206 1768 405 45.73% 

Curlew 0.17 1879 244 5109 1408 74.90% 

Bar-tailed godwit 0 45 0 134 45 100.35% 

Black-tailed godwit 0.03 274 0 799 267 97.62% 

Redshank 0.02 193 0 745 200 103.82% 
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Kittiwake 0.74 7919 4881 12408 1909 24.11% 

Black-headed gull 0.16 1704 483 3415 758 44.45% 

Common gull 0.68 7285 2610 13086 2707 37.16% 

Great black-backed gull 0.19 2005 967 3421 644 32.11% 

Herring gull 1.5 16118 6828 28636 5860 36.36% 

Lesser black-backed gull 0.01 89 15 208 51 57.13% 

Guillemot 5.36 57600 34960 86557 13395 23.25% 

Razorbill 0.54 5820 3457 8579 1348 23.16% 

Black guillemot 0.05 517 206 958 193 37.35% 

Red-throated diver 0.06 596 201 1124 246 41.24% 

Great northern diver 0.03 344 148 600 115 33.24% 

Fulmar 1.02 10971 6259 16516 2646 24.12% 

Gannet 0.12 1322 682 2160 388 29.32% 

Shag 0 30 0 74 20 64.03% 

Cormorant 0 46 0 129 35 76.54% 

Grey Seal 0.01 100 15 238 63 62.73% 

Common dolphin 0.01 89 15 193 51 56.64% 

Harbour porpoise 0.01 106 15 208 50 47.27% 
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3.3.2 Bayesian point  process modelling  

Table 12  Density  and population  estimates  of six focal species in the Marine  Institute  survey area during  the post -breeding survey on  04 

November 2020, derived through Bayesian point pr ocess modelling.  

 

 

 

Category  

 

Density  estimate 

(n/km² + 95% 

credible  interval)  

 

Population 

estimate 

(number)  

Lower 95% 

credible  interval 

of population 

(number)  

Upper 95% 

credible  interval 

of population 

(number)  

Standard 

deviation  of 

population 

estimate 

(number)  

 

 

CV (%) 

Species 

Kittiwake 2.1 (1.97 - 2.22) 22716 21280 24022 1624 7 

Herring gull 0.67 (0.57 - 0.77) 7201 6195 8347 1076 15 

Guillemot 13.64 (13.28 - 13.98) 147259 143464 151006 4144 3 

Razorbill 1 (0.93 - 1.11) 10848 9989 11955 1101 10 

Great northern diver 0.11 (0.08 - 0.13) 1162 903 1448 327 28 

Fulmar 0.6 (0.54 - 0.66) 6430 5849 7086 785 12 
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Table 13  Density  and population  estimates  of six focal species in the Marine  Institute  survey area during  the wintering  survey on  08 December 

2020, deri ved through Bayesian point process modelling  

 

 

 

Category  

 

Density  estimate 

(n/km² + 95% 

credible  interval)  

 

Population 

estimate 

(number)  

Lower 95% 

credible  interval 

of population 

(number)  

Upper 95% 

credible  interval 

of population 

(number)  

Standard 

deviatio n of 

population 

estimate 

(number)  

 

 

CV (%) 

Species 

Kittiwake 0.63 (0.56 - 0.7) 6826 6077 7558 858 13 

Herring gull 0.72 (0.61 - 0.82) 7773 6616 8854 1235 16 

Guillemot 4.56 (4.36 - 4.73) 49197 47135 51115 2266 5 

Razorbill 0.39 (0.34 - 0.44) 4246 3676 4764 683 16 

Great northern diver 0.03 (0.02 - 0.05) 345 229 517 216 62 

Fulmar 0.84 (0.76 - 0.91) 9020 8236 9849 937 10 
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3.4 Birds  

Distribution patterns of the most abundant species are presented as density maps, in which a 

density surface depicts the estimated density of individuals per km². Distributions of less 

abundant and unidentified species are presented as dot maps only. 

Approximately twice the number of birds were recorded in the survey area in the post-breeding 

survey in November than in the wintering survey in December (Figure 3). Birds were 

distributed primarily to the east of the survey area along the west coast of Ireland, with high 

densities observed in both surveys within Galway Bay and around the Aran Islands (Figure 4). 

Figure 3  Total  number  of birds  recorded  in the  Marine  Institute  survey area, in 

November and December 2020, including unidentified birds  
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Figure 4  Density  of all birds  (number/km²)  and number  of detections  per  segment  across the  Marine  Institute  survey area in the  post -breeding  survey 

November 2020 derived throu gh kernel density estimation  
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Figure 5  Density of all birds (number/km²) and number of detections per segment across the Marine Institute survey area in the winteri ng survey 

December 2020  
 



DOCUMENT NUMBER: HP00129-701-01 

DATE: 12 April 2021 

47 OF 163 

 

 

N
u

m
b

e
r 
o

f 
b
ir
d
s 

3.4.1 Focal species 

3.4.1.1 Kittiwake  

Kittiwakes were recorded in very large numbers in the post-breeding season, with birds distributed 

throughout the survey area, both in coastal regions and further offshore (Figure 8 & Figure 9). The 

highest densities surrounded Loop Head, Inishmore and east of the Aran Islands. High densities of 

birds also occurred further offshore, west of the Shannon Estuary. Overall estimates put the 

kittiwake population for the site at 22,716 birds (±95%CI 21,280 ð 24,022) in November 2020. 

This dropped markedly to 6,826 birds (±95%CI 6,077 ð 7,558) in the December 2020 wintering 

survey (Figure 10 & Figure 11). Despite still being widespread, the highest densities of kittiwake 

occurred closer to shore, with the largest aggregations south-east of the Aran Islands. 

Large proportions of juveniles were recorded (21% of aged birds in November and 16% in 

December; Table 14). The majority of kittiwakes were recorded as flying in both surveys, with 61% 

and 81% recorded in the post-breeding and wintering surveys respectively (Table 15). 

Figure 6  Number  of kittiwakes  recorded  within  the  Marine  Institute  survey area in 

November and Decemb er 2020 
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Figure 7  Kittiwake population estimates, with lower and upper credible intervals, 

within  the  Marine Institute  survey area in November  and December  2020 

derived through Bayesian point process mode lling  
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Table  14 Summary  of kittiwake  ages in November  and December  2020 
 

 

Survey date  

Number 

recorded  as 

adult  

Number 

recorded  as 

immature  

Number 

recorded  as 

juvenil e 

Number 

recorded  as 

unknown  

 

Total  

04 November 2020 833 2 225 697 1757 

08 December 2020 358 0 69 110 537 

Total  1191 2 294 807 2294 

 

 

Table  15 Summary  of kittiwake  behaviours  in November  and December  2020 
 

 

Survey date  

Number 

recorded 

diving  

Number 

recorded 

flying  

Number 

recorded 

sitting  

Number 

recorded 

taking  off 

 

% Flying 

 

Total  

04 November 2020 0 1063 681 11 61% 1755 

08 December 2020 0 434 102 0 81% 536 

Total  0 1497 783 11 65% 2291 
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Figure 8  Density of kittiwakes (number/km²) and number of detec tions per segment across the Marine Institute survey area in the post -breeding 

survey November 2020 derived through Bayesian point process modelling  
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Figure  9  Lower  (top  left  plot)  and upper  (top  middle  plot)  credible  intervals  and standard  deviation  (top  right  plot)  of estimated  density  of kittiwakes 

(number/km²)  for  each cell  in the  prediction  grid,  and posterior  marginal  distribution  (bottom  plot)  of kittiwakes  across the  Marine  Institute 

survey area in the  post -breeding  survey November  2020 through  Bayesian point  process modelling.  In the  bottom  plot,  the  red  line  indicates 

the mean predicted population estimate, and the dashed blue lines indicate the 2.5% and 97.5% limits. For more information on  

interpretation of this Figure see paragraph 55. 
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Figure 10  Density of kittiwakes (number/km²)  and number of detections  per segment  across the  Marine  Institute  survey area in  wintering survey 

December 2020 derived through Bayesian point process modelling  
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Figure  11  Lower  (top  left  plot)  and upper  (top  middle  plot)  credible  intervals  and standard  deviation  (top  right  plot)  of estimated  density  of kittiwakes 

(number/km²),  and posterior  marginal  distribution  of kittiwakes across  the  Marine  Institute  survey area in the winteri ng survey December 

2020 through Bayesian point process modelling. In the bottom plot, the red line indicates the mean prediction, and the dashed  blue lines 

indicate the 2.5% and 97.5% limits. For more information on interpretation of this Figure see paragr aph 55. 
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3.4.1.2 Herring  gull  

Herring gulls were recorded in large numbers in both surveys, increasing in abundance in the 

December 2020 wintering survey (Figure 12). Overall population estimates for the site were largely 

similar, increasing from 7,201 birds (±95%CI 6,195 ð 8,347) in the November post-breeding survey 

to 7,773 birds (±95%CI 6,616 ð 8,854) in the wintering survey. 

Birds were mostly distributed inshore, stretching along the west Irish coast in November, with 

particularly high densities of birds found around the mouth of the Shannon Estuary, the Mid-Clare 

Coast and north-east of the Aran Islands (Figure 14). In December, birds were less widespread, 

concentrated in the north-east, around the Aran Islands and outer Galway Bay but still primarily 

inshore (Figure 15). 

Herring gulls were mixed in age, with 34% of aged birds identified as immatures and 10% as juvenile 

in the post-breeding survey (Table 16). Proportions of adults increased in the December wintering 

survey, with only 23% identified as immatures and 5% as juveniles. In both the post-breeding survey 

and the wintering survey the majority of birds were sitting on the water, with 75% and 57% of birds 

recorded as sitting in the November and December surveys respectively (Table 17). 

Figure 12  Number of herring gulls recorded within the Marine Institute survey area in  

No vember and December 2020  
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Figure  13  Herring gull population estimates, with lower and upper  credible intervals, within 

the Marine Institute survey area in November and December 2020 derived 

throug h Bayesian point process modelling  
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Table  16 Summary  of herring  gull  ages in November  and December  2020 
 

 

Survey date  

Number 

recorded  as 

adult  

Number 

recorded  as 

immature  

Number 

recorded  as 

juvenile  

Number 

recorded  as 

unknown  

 

Total  

04 November 2020 135 82 24 580 821 

08 December 2020 348 113 22 609 1092 

Total  483 195 46 1189 1913 

 

 

 

Table  17 Summary  of herring  gull  behaviours  in November  and December  2020 
 

 

Survey date  

Number 

recorded 

diving  

Number 

recorded 

flying  

Number 

recorded 

sitting  

Number 

recorded 

taking  off 

 

% Flying 

 

Total  

04 November 2020 0 207 609 0 25% 816 

08 December 2020 0 475 617 0 43% 1092 

Total  0 682 1226 0 36% 1908 
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Figure  14 Density  of herring gulls  (number/km²)  and number  of detections  per  segment across  the Marine  Institute  survey area in the post - 

breeding survey November 2020 derived through Bayesian point process modelling  
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Figure  15   Lower  (top  left  plot)  and upper  (top  middle  plot)  credible  intervals  and standard  deviation  (top  right  plot)  of estimated  density  of herring 

gulls (number/km²), and posterior marginal distribution of herring gulls across the Marine Institute survey area in the post -breeding 

survey Nov ember 2020 through Bayesian point process modelling. In the bottom plot, the red line indicates the mean prediction, and 

the dashed blue lines indicate the 2.5% and 97.5% limits. For more information on interpretation of this Figure see paragraph  55. 
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Figure 16  Density  of herring gulls  (number/km²) and  number  of detections  per  segment across  the Marine  Institute  survey area in the wintering 

survey December 2020 derived through Bayesian point process modelling  
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Figure  17   Lower  (top  left  plot)  and upper  (top  middle  plot)  credible  intervals  and standard  deviation  (top  right  plot)  of estimated  density  of herring 

gulls (number/km²), and posterior  marginal distribution of herring gulls across  the Marine Institute survey area in the wintering survey 

December 2020 through Bayesian point process modelling. In the bottom plot, the red line indicates the mean prediction, and t he dashed 

blue lines indicate the 2.5% and 97.5% limits. For more information on interpretation of this Fig ure see paragraph 55. 
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3.4.1.3 Guillemot  

Guillemots were the most abundant species recorded, with approximately three times the number 

of birds in the November post-breeding survey than the December wintering survey (Figure 18). 

Relative estimates put the guillemot population in the survey area at 147,259 birds (±95%CI 143,464 

- 151,006) in November 2020 and 49,197 birds (±95%CI 47,135 - 51,115) in December 2020. 

Birds were distributed throughout the survey area, increasing in density towards the east (Figure 

20; Figure 22). The highest densities occurred further inshore, particularly surrounding north and 

east of the Aran Islands, and around the mouth of the Shannon Estuary and Tralee Bay. In the 

December wintering survey, birds were still widespread, found both far offshore and near the 

coastline. However, the highest densities of birds remained closer to the coast, particularly confined 

to between the Aran Islands and Galway Bay. 

As expected for the species, the majority of birds were recorded sitting on the water, with 98% 

and 94% of birds sitting in the post-breeding and wintering survey respectively (Table 18). 

Figure 18  Number  of guillemots  recorded  within  the  Marine  Institute  survey area in 

November and December 2020  
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Figure  19   Guillemot  population  estimates,  with  lower  and upper  credible  interv als, within 

the Marine Institute survey area in November and December 2020 derived 

through Bayesian point process modelling  
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Table  18 Summary  of guill emot  behaviours  in November  and December  2020 
 

 

Survey date  

Number 

recorded 

diving  

Number 

recorded 

flying  

Number 

recorded 

sitting  

Number 

recorded 

taking  off 

 

% 

Flying 

 

Total  

04 November 2020 1 210 10908 0 2% 11119 

08 December 2020 1 233 3654 0 6% 3888 

Total  2 443 14562 0 3% 15007 
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Figure 20   Density  of guillemots  (number/km²)  and number  of detections  per  segment  across the  Marine  Institute  survey area in the  post -breeding 

survey November 2020 derived through Bayesian point process modelling  
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Figure  21  Lower (top left plot) and upper (top middle plot) credible intervals and standard deviation (top right plot) of estimated den sity of guillemots  

(number/km²),  and posterior  marginal  distribution  of guillemots  across the  Marine  Institute  survey area in t he post -breeding survey 

November 2020 through Bayesian point process modelling. In the bottom plot, the red line indicates the mean prediction, and t he 

dashed blue lines indicate the 2.5% and 97.5% limits. For more information on interpretation of this Fig ure see paragraph 55. 
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Figure 22  Density  of guillemots  (number/km²)  and number  of detections  per  segment across  the  Marine  Institute  survey area in the  wintering 

survey December 2020 derived through Bayesian point process modelling  
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Figure  23  Lower (top left plot) and upper (top middle plot) credible intervals and standard deviation (top right plot) of estimated den sity of guillemots 

(number/km²), and posterior marginal distribution of guillemots across the Marine Insti tute survey area in the wintering survey 

December 2020 through Bayesian point process modelling. In the bottom plot, the red line indicates the mean prediction, and t he dashed 

blue lines indicate the 2.5% and 97.5% limits. For more information on interpret ation of this Figure see paragraph 55. 
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3.4.1.4 Razorbill  

Over twice the number of razorbills were present in the November post-breeding survey 

than in the December wintering survey (Figure 24), with the relative population estimate 

for the whole site decreasing from 10,848 birds (±95%CI 9,989 ð 11,955) in November to 

4,246 birds (±95%CI 3,676 ð 4,765) in December. 

Razorbills were considerably more widespread around the survey area in the post-breeding 

survey, with high densities observed along the west coast of Ireland in both months (Figure 

26 and Figure 28). Areas of note for the species were around the Aran Islands, between the 

Cliffs of Moher and Mid-Clare Coast, and the mouth of the Shannon estuary and Tralee Bay. 

As expected, the majority of razorbills were recorded sitting on the water, with only 7% of 

birds recorded flying across both the post-breeding and wintering surveys (Table 19). 

Figure 24  Number  of razorbills  recorded  within  the  Marine  Institute  survey area in 

November and December 2020  

 

Razorbill 
1000 

900 

800 

700 

600 

500 

400 

300 

200 

100 

0 

Nov-20 Dec-20 

 

Figure  25   Razorbill population estimate s, with lower and upper credible intervals, within 

the Marine Institute survey area in November and December 2020 derived 

through Bayesian point process modelling  
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Tabl e 19 Summary  of razorbill  behaviours  in November  and December  2020 

 

 

Survey date  

Number 

recorded 

diving  

Number 

recorded 

flying  

Number 

recorded 

sitting  

Number 

recorded 

taking  off 

 

% 

Flying 

 

Total  

04 November 2020 0 35 823 0 4% 858 

08 December 2020 0 58 333 0 15% 391 

Total  0 93 1156 0 7% 1249 
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Figure 26   Density  of razorbills  (number/km²)  and number  of detections  per  segment across  the Marine  Institute  survey area in the  post -breeding 

survey November 2020 derived through Bayesian point process modelling  
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Figure  27  Lower (top left plot) and upper (top middle plot) credible intervals and standard deviation (top right plot) of estimated den sity of razorbills 

(number/km²), and posterior marginal distribution of razorbills across the Marine Institute surve y area in the post -breeding survey 

November 2020 through Bayesian point process modelling. In the bottom plot, the red line indicates the mean prediction, and t he 

dashed blue lines indicate the 2.5% and 97.5% limits. For more information on interpretation of this Figure see paragraph 55. 
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Figure 28  Density  of razorbills  (number/km²) and  number  of detections  per  segment  across the  Marine  Institute  survey area in the  wintering 

survey December 2020 derived through Bayesian poi nt process modelling  
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Figure  29  Lower (top left plot) and upper (top middle plot) credible intervals and standard deviation (top right plot) of estimated den sity of razorbills  

(number/km²),  and posterior  marginal  distribution  of razorbills  across the  Marine  Institute  survey area in the  wintering  survey December 

2020 through Bayesian point process modelling. In the bottom plot, the red line indicates the mean prediction, and the dashed  blue lines 

indicate the 2.5% and 97.5% limits. For more information o n interpretation of this Figure see paragraph 55. 
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3.4.1.5 Great  northern  diver  

Great northern divers were more abundant in the post-breeding compared to the wintering 

survey, with over four times as many birds recorded in November compared to December 

(Figure 30). Relative population estimates ranged from 1,162 (+95% CI 903 ð 1448) birds in 

the post-breeding survey to 345 (+95% CI 229 ð 517) birds in the wintering survey. 

As expected, birds were primarily distributed close to the coast in both months (Figure 32 

and Figure 34), with increased densities observed in the south-east and north of the study 

area, particularly around the Aran Islands and the Inner Galway Bay SPA. Birds were also 

recorded within Tralee Bay and many of the small coastal inlets in the north. 

Most birds were recorded sitting on the water (98% across both surveys), with 2% of birds 

recorded as flying during the November post-breeding survey and 0% of birds recorded 

flying in the wintering survey (Table 20). 

Figure 30  Number of great northern divers recorded within the Marine Institute survey 

area in November and  December 2020  
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Figure  31  Great northern diver population estimates, with lower and upper credible intervals, 

within the Marine Institute survey area in November and December 2020 

derived through  Bayesian point process modelling  
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Table 20  Summary  of great  northern  diver  behaviours  in November  and December 

2020 
 

 

Survey date  

Number 

recorded 

diving  

Numbe r 

recorded 

flying  

Number 

recorded 

sitting  

Number 

recorded 

taking  off 

 

% Flying 

 

Total  

04 November 2020 0 2 101 0 2% 103 

08 December 2020 0 0 23 0 0% 23 

Total  0 2 124 0 2% 126 
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Figure 32  Density  of great  northern  divers  (number/km²)  and number  of detec tions  per  segment across  the  Marine  Institute  survey area in the 

post -breeding survey November 2020 derived through Bayesian point process modelling  
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Figure  33  Lower  (top  left  plot)  and upper  (top  middle  plot)  credible  intervals  and standard  deviation  (top  right  plot) of  estimated  density  of great 

northern divers (number/km²), and posterior marginal distribution of great northern divers across the Marine Institute survey  area in 

the  post -breeding  survey November  2020 through  Bayesian point  process model ling.  In the  bottom  plot,  the  red  line  indicates  the  mean 

prediction, and the dashed blue lines indicate the 2.5% and 97.5% limits. For more information on interpretation of this Figu re see 

paragraph 55. 
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Figure 34  Density  of great  northern  divers  (number/km²) and  number  of detections  per  segment across  the  Marine  Institute  survey area in the 

wintering survey December 2020 derived through Bayesian point process modelling  

 



DOCUMENT NUMBER: HP00129-701-01 

DATE: 12 April 2021 

76 OF 163 

 

 

 

Figure  35  Lower  (top  left  plot)  and upper  (top  m iddle  plot)  credible  intervals  and standard  deviation  (top  right plot)  of estimated  density  of great 

northern divers (number/km²), and posterior marginal distribution of great northern divers across the Marine Institute survey  area in 

the wintering survey December 2020 through Bayesian point process modelling. In the bottom plot, the red line indicates the mean 

prediction, and the dashed blue lines indicate the 2.5% and 97.5% limits. For more information on interpretation of this Figu re see 

paragraph 55. 
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3.4.1.6 Fulmar  

Fulmars increased in abundance by approximately 36% between surveys (Figure 36), with 

the overall population estimate for the site at 6,430 birds (±95%CI 5,849 ð 7,086) for the 

November post-breeding survey compared to 9,020 birds (±95%CI 8,236 ð 9,849) for the 

December wintering survey. Fulmars were widely distributed across the survey area in 

both months, with high densities observed in close proximity to the Cliffs of Moher and 

Kerry Head SPAõs, of which fulmars are a qualifying species (Figure 38 and Figure 40). High 

densities were also present in offshore waters in the centre of the study area in both 

November and December surveys. 

In both the post-breeding and wintering surveys, the majority of fulmars were recorded 

as flying, with 89% and 96% of birds flying in November and December respectively (Table 

21). 

Figure 36  Number  of fulmars  recorde d within  the  Marine  Institute  survey area in 

November and December 2020  

 

Fulmar 
800 

700 

600 

500 

400 

300 

200 

100 

0 

Nov-20 Dec-20 

 

Figure  37   Fulmar population estimates, with lower and upper  credible intervals, within the 

Marine Institute survey area in November and December 2020 derived through 

Bayesian point process modelling  
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Table  21 Summary  of fulmar  behaviours  in November  and December  2020 
 

 

Survey date  

Num ber 

recorded 

diving  

Number 

recorded 

flying  

Number 

recorded 

sitting  

Number 

recorded 

taking  off 

 

% Flying 

 

Total  

04 November 2020 0 483 62 0 89% 545 

08 December 2020 0 713 31 2 96% 746 

Total  0 1196 93 2 93% 1291 
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Figure 38  Density  of fulmars  (number/km² ) and number  of detections  per  segment across  the Marine  Institute survey  area in the post -breeding 

survey November 2020 derived through Bayesian point process modelling  
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Figure  39   Lower  (top  left  plot)  and upper  (top  middle  plot)  credible  intervals  and standard  deviation  (top  right  plot)  of estimated  density  of fulmars 

(number/km²), and posterior marginal distribution of fulmars across the Marine Institute survey area in the post -breeding survey 

November 2020 through Bayesian point process modelling. In the bottom plot, the red line indicates the mean prediction, and the 

dashed blue lines indicate the 2.5% and 97.5% limits. For more information on interpretation of this Figure see paragraph 55. 
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Figure 40   Density  of fulmars  (number/km²) and  number  of detections  per  segment  across the Marine  Institute survey  area in the  wintering 

survey December 2020 derived through Bayesian point process modelling  
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Figure  41  Lower (top left plot) and upper (top middle plot) credi ble intervals and standard deviation (top right plot) of estimated density of kittiwakes 

(number/km²), and posterior marginal distribution of kittiwakes across the Marine Institute survey area in the wintering surv ey 

December 2020 through Bayesian point pr ocess modelling. In the bottom plot, the red line indicates the mean prediction, and the dashed 

blue lines indicate the 2.5% and 97.5% limits. For more information on interpretation of this Figure see paragraph 55. 
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3.4.2 Promine nt  other  species 

3.4.2.1 Common  scoter  

Common scoter were recorded in higher numbers in the wintering survey compared to the 

post- breeding survey (Figure 42). A peak of 163 birds was observed in December, equating 

to a population estimate of 2,483 (+95% CI 0 ð 6,265) birds within the study region (Figure 

43). 

Between the post-breeding and wintering surveys distributions of common scoter 

throughout the survey area were similar. In both months, birds were concentrated close to 

shore with high densities occurring in the south-east of the survey area in Tralee and 

Brandon Bay (Figure 44; Figure 45). 

In the post-breeding survey, the majority of individuals were male (88% of all observations), 

with females (or immature males, as ôbrownõ scoter are problematic to sex accurately at this 

age) making up the smallest proportion of the population in both months (8% and 3% in 

November and December respectively). 

As expected, the majority of common scoter were sitting on the water during both the 

November and December surveys, with 100% and 81% of birds recorded sitting respectively 

(Table 22). 

Figure 42  Number  of common  scoter  recorded  within  the  Marine  Institute  survey area in 

November and December 2020  
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Figure 43  Common scoter population estimates, with lower and upper confidence 

intervals,  within  the  Marine  Inst itute  survey area in November  and December 

2020 derived through strip transect analysis  
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Table  22 Summary  of common  scoter  behaviours  in November  and Decemb er  2020 
 

 

Survey date  

Number 

recorded 

diving  

Number 

recorded 

flying  

Number 

recorded 

sitting  

Number 

recorded 

taking  off 

 

% Flying 

 

Total  

04 November 2020 0 0 99 0 0% 99 

08 December 2020 0 18 132 13 11% 163 

Total  0 18 231 13 7% 262 
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Figure 44  Density  of common  scoters  (number/km²) and  number  of detections  per  segment  across the Marine Institute  survey area in the post - 

breeding survey November 2020 derived through kernel density estimation  
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Figure 45  Density  of common  scoters  (number/km²) and  number  of detections  per  segment  across the Marine Institute survey  area in the 

wintering survey December 2020 derived through kernel density estimation  

 



DOCUMENT NUMBER: HP00129-701-01 

DATE: 12 April 2021 

87 OF 163 

 

 

3.4.2.2 Black-headed gull  

Similar abundances of black-headed gulls Chroicocephalus ridibundus were recorded in both the 

post- breeding and wintering survey (128 and 117 records respectively; Figure 46), resulting in 

a peak population estimate of 1,853 (+95% CI 907 ð 3,140) birds in November 2020 compared 

to 1,704 (+95% CI 483 ð 3,415) in December 2020 (Figure 47). 

The distribution of black-headed gulls was generally concentrated close to shore to the east of 

the survey area (Figure 48; Figure 49). During the post-breeding survey, birds were more widely 

distributed along the west coast of Ireland, with highest densities in the north-east close to the 

Inner Galway SPA, of which they are a qualifying species. However, by December most birds 

were concentrated around the north-east of the survey area. 

Of the birds that could be aged, most birds (94%) were recorded as adults (Table 23). No 

immature birds were recorded in either survey, however the proportion of juvenile birds 

present was higher in December (8.1% of aged birds) than in November (1.8%). On average, the 

majority of black-headed gulls were recorded as flying during post-breeding and wintering 

surveys (72%; Table 24). During the December survey most birds were recorded flying (97%), 

however in November the proportion of flying to sitting birds was relatively equal (49% to 

51%). 

Figure 46  Number  of black-headed gulls recorded  within  the  Marine  Institute  survey area 

in November and Dec ember 2020  
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Figure 47  Black-headed gull population estimates, with lower and upper confidence 

intervals,  within  the  Marine  Institute  survey area in November  and December 

2020 derived through stri p transect analysis  
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Table  23 Summary  of black-headed gull  ages in November  and December  2020 
 

 

Survey date  

Numbe r 

recorded 

as adult  

Number 

recorded  as 

immature  

Number 

recorded  as 

juvenile  

Number 

recorded  as 

unknown  

 

Total  

04 November 2020 56 0 1 71 128 

08 December 2020 79 0 7 31 117 

Total  135 0 8 102 245 

 

Table  24 Summary  of black-headed gull  behaviours  in Novem ber  and December  2020 
 

 

Survey date  

Number 

recorded 

diving  

Number 

recorded 

flying  

Number 

recorded 

sitting  

Number 

recorded 

taking  off 

 

% Flying 

 

Total  

04 November 2020 0 63 65 0 49% 128 

08 December 2020 0 113 4 0 97% 117 

Total  0 176 69 0 72% 245 
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Figure  48 Density  of black-headed gulls (number/km²)  and number  of detections  per  segment across  the Marine  Institute  survey area in the 

post -breeding survey November 2020 derived through kernel density estimation  
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Figure  49 Density  of black-headed gulls (number/km²)  and number  of detections  per  segment  across t he Marine  Institute  survey area in the 

wintering survey December 2020 derived through kernel density estimation  
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3.4.2.3 Common  gull  

Common gulls were the most abundant non-focal species throughout the study, with more 

birds present during the wintering survey than in the post-breeding survey (Figure 50). 

Population estimates ranged from 5,201 (+95% CI 2,350 ð 9,465) birds in November to 7,285 

(+95% CI 2,610-13,086) in December (Figure 51). High densities of common gull were present 

to the east of the survey area during both surveys, with a more widespread distribution 

observed in November compared to December (Figure 52; Figure 53). Throughout both 

surveys, the highest densities of common gull were concentrated around the Aran Islands and 

Galway Bay, close to the Inner Galway Bay SPA, of which they are a qualifying species. 

Of the birds that could be aged, the majority (92%) were recorded as adults, however greater 

proportions of young birds occurred in the post-breeding survey (Table 25). In November, 

5.1% of aged birds were recorded as immature and 7.4% as juvenile, compared to 1.5% and 

5.4% respectively in December. In the post-breeding survey, only 40% of birds were recorded 

flying, compared to 84% of birds flying in the wintering survey (Table 26). 

Figure 50  Number of common gulls recorded within the Marine Institute survey area in 

November and December 2020  
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Figure  51  Common  gull  population  estimates,  with  lower  and upper  confidence  intervals, 

within the Marine Institute survey area in November and December 2020 

derived through strip transect analysis  
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Table  25 Summary  of common  gull  ages in November  and December  2020 
 

 

Survey date  

Number 

recorded  

as adult  

Number 

recorded  as 

immature  

Number 

recorded  as 

juvenile  

Number 

recorded  as 

unknown  

 

Total  

04 November 2020 119 7 10 212 348 

08 December 2020 379 6 22 93 500 

Total  498 13 32 305 848 

 

 

 

Table  26 Summary  of common  gull  behaviours  in November  and December  2020 
 

 

Survey date  

Number 

recorded 

diving  

Number 

recorded 

flying  

Number 

recorded 

sitting  

Number 

recorded 

taking  off 

 

% Flying 

 

Total  

04 November 2020 0 138 206 0 40% 344 

08 December 2020 0 420 79 0 84% 499 

Total  0 558 285 0 66% 843 
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Figure 52  Density  of common  gulls (number/km²)  and number  of detections  per  segment across  the Marine  Institute  survey area in  the  post - 

breeding survey Nov ember 2020 derived through kernel density estimation  

 














































































































































