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Executive Summary

In October 2020, HiDef Aerial Surveying Limid ( 6 Hi Def 8) was commi ssi oned
undertakea programmeof highresolutiondigitalvideo aerialsurveysover anextendedareaof coastal

waters off the west coast of Ireland. The core objective was to ascertain data on the distributibon a
populationestimatef seabirdsn coastalvatersin the post-breedingandwinteringseasonln addition,

data onother avian species (shorebirds and waterfoarid marinenammals were also collected. The
Marinelnstitute surveyarea(hereafterd t sueeya r ecavér@danexpanseof 10,620.6m? 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 nostlest transect falling directly othe
surveyareaboundary the surveyareawasextendedby 1,875kmto giveanupdatedareaof 10,799km

used in all data manipulation and presentation.

Thisreport providesinformationon the methodsundertaken during survey flighad thecollationof
daa, 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 tbed plansects 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 Il cameras with sensors
set to a resolution of 2 cm Grouth Sample Distance (GSD). Each camera sampled a strip of 125 m
width, separatedrom the next cameraby ~25 m, whichprovidesa combinedsampledvidth of 500 m

within a 575 m overall strip. However, to ensure that sufficient footage is available to atlwsv ai
desigrbasedor modelbasedanalysisfootagefrom only two (2) of the four (4) camerasvasanalysed,
creatingananalysed strip width d250m.The remainingootage isavailable for analysis ataterstage

if required.

Data analysis followed a twstage process in which video footage was reviewed (with a 20% random
sampleusedfor audit)thenthe detectedobjectswere identifiedto specier speciegrouplevel(again
with 20%selectedat randomfor audit). Theauditof both stagesequires90%agreemento beachieved.

Densityandabundancestimatesvere calculatedisingstrip transectanalysiginda statisticakechnique
calledkerneldensity estimatiorf 6 K vas@isedto create density surfacenaps. Further distribution
analysis was conductash six focal species using Bayesian point process modelling: kittRiaka
tridactylaherring gullLarus argentatuguillemotUria aalgerazorbill Alca tordegreat northern diver
Gavia immeand fulmarulmarus glacialis

The surveys were successfual recording a total of 16,519 birds of 33 species (including 22 seabird
species) and 219 marine mammals of four species in thelpestling survey. A further 1,274 birds and

20 marinemammalswvere recorded which were not assignedo a speciesln 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 speciesThe identification rag¢ achieved to species level was 92.70% across the survey programme.
The primary observations from the surveys were that:

i Seabird abundance was generally higher in the-lpestding survey, with a few species
populationsgncreasingn the winteringsurvey suchasgulls fulmarandcommonscoter Melanitta

nigra
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i Guillemots were by far the most abundant species recorded, with a peak relative population
estimate of 147,259 birds (£95%CI 143,46451,006) in the posbreeding survey;

1 Kittiwakes, razorbills md great northern diver were also most abundant in the pbsteding
survey, with peak population estimates of 22,716 birds (£95%CI 25 280022), 10,848 birds
(£95%CI 9,98% 11,955) and 1,162+05% CI 903 1448) respectively;

1 Herring gulls and fulmaincreased in abundance in the wintering survey, reaching population
estimates of 7,773 birds (x95%CI 6,6868,854) and 9,020 birds (x95%CI 8,2869,849)
respectively;

i Consistently elevatedviandensitieswere foundnearthe Inner GalwayBay SPAthe Inishmore
SPAon the Aran Islandsthe Cliffsof Moher SPA the mouth of the ShannorEstuaryandTralee
and Brandon Bay.

1 Marinemammalsvere widelydispersedhroughthe surveyareawith commondolphinDelphinus
delphideing the most numerous.
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1 Introductio n

I n October 2020, Hi Def Aeri al Surveying Limited (6
two highresolution digital video aerial surveys over an extended area of coastal waters off the west coast of
Ireland.

The Marine Institute is atate agency whose primary role is to undertake aneboginate marine research and
development, providing scientific and technical advice to inform policy and support sustdaatitgmentf

I r e | mamiree iesources.The core objective of the study wasto ascertain dataon the distribution and
populationestimatesof seabirdsn coastalwatersin the postbreedingand wintering season. In addition, data
on other avian species (shorebirds and waterfowl) and marine mammals were to be collected.

The suney area covered an expanse of ~10,61® kifrcoastal waters off the west coast of Ireland, adjacent to
counties Galway, Clare and Kerrits boundary extended from the Blasket Islands in the south to Slyne Head
in the north, covering the coastlines in beten and projecting offshore encapsulating the-tiddl 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, wi
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 wEdstimeeperfect

breeding sitedor large numbersof seabirds looking taavoid predation and disturbancé&oncurrently, an
abundancef food from coastakystemssuppliesoth breedingandnon breeding birds and migrants.

The site incorporates a total of eleven Special Protection Areas (SPA) classifiedthmdairopean Council
(EC)Directive 2009/147/E@n the Conservationof Wild Birds( 6 BildeD i r e crelevanttdsgabirdsas

well asa numberof wadersand waterfowl. TheseincludeSlyneHeadto Ardmore Point Islands SPA, Inner
Galway Bay SPA, lhimore SPA, Cliffs of Moher SPA, Midare Coast SPA, lllaunonearaBRA L oop Head
SPAKerry HeadSPA TraleeBayComplexSPAMagharedslandsSPA and Dingle Peninsula SPA. Some of these
colonies are particularly important, with the Cliffs of Moher bethg largestkittiwake colony in Ireland.
Prominentseabirdcoloniesalsooccuroutsideof the survey area. The Blasket Islands, adjacent to the southern
boundary of the survey area, hold important populations of a number of seabird species.

Postbreeding birds begin to disperse from colonies, with certain species, such as felmaarus glaciadisd
kittiwake Rissa tridactylmoving further offshore to winter at sea. Some species numbershmapostedby

the arrivalof winteringmigrantsfrom further north, suchasgreatblackbackedgull Larusmarinusndcommon
gullLarusanuswhilstother speciesnaydeclinein numberasthey migrate further south, such as ganiébrus
bassanuand Manx shearwater. Many seabird species have large foraging nfogesvard 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, duiikantge
gannetkittiwake,razorbill Alcatorda herringgullLarusargentatuandgreatblackbackedgull within the project
area in the late posbreeding/autumn season (Mackey and Giménez, 2004), with deggtiesallyreducing
further into winter. Additionally, manydivers,wadersand 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 Delphinugdelphis bottlenose dolphin Tursiopgruncatusand harbour porpoise Phocoena
phocoento bethe mostnumerousin coastalareas(O Cadhlaet al.,2004;Rogaret al.,2018). A populatiorof
bottlenosedolphins isknown to inhabitthe ShannorEstuary anditilise neaby Tralee Bay (Blazquez 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 SpecialAreas of Conservation(SACs)that protect marine mammalsfall within the survey
boundary. Slyne Head Islands SAC and Slyne Head Peninsula SAC in the north, and the Lower River Shannon
SACin the south,list bottlenosedolphinasa qualifyingnterest.KilkieranBayandIslandsSAC andGalwayBay
ComplexSACin the north list harboursealPhocaitulinaSlyneHeadlslandsSACand Blasket Islands SAC, just
beyond the south boundary, list grey sékllichoerus grypus

The core objectivedfor this contractwere:

A: To conduct a postoreeding and wmtering 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 specifiedprecision)of populationsof eachspeciesfor eachsurvey, where
abundance and distribution allowed, using appropriate statistical methods;

C: To providedistributionmapsby speciedor eachsurvey.

D: Conduct further distribution modelling using Bayesian methods on six focal species, latenaigindderine
Instituteto be:kittiwake, herringgull,guillemot,razorbill,greatnorthern diver Gavia immend fulmar

Subtidal areas of the prominent bays (Tralee, Galway and the Shannon Estuary) were to be included. Individual
bird sightings were to be geeferencedandto include an assessmeuitbehaviour (sitting, flying) and bearing.
Additional secondary objectives were:

E: To providecountsof marinemammalsby specieswhenencounteredopportunisticallyduring the survey.

Final deliverables provided to Marine iihge 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 repoprésanted these findings.

This report is the culmination of the contracted projegiioviding results from the pogbreeding and wintering
surveys undertaken on 4 November and 8 December 2020 at the Blasket Islands to Slynsureadarea.
Analysesare presentedin the form of raw counts,density surfacelistribution maps and population estimates

with confidence intervals. Additionally, distribution modelling using Bayesian methods is presented for six focal
seabird species. A discussion has been provisethe representativeness of the results.
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2 Methods
2.1 Survey flights

A series of preset 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 suey 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 nortlerdingoffshore.

For this reason, HiDef designed a survey that placed transects at 3.7km apart across the survieigared
creating an overall survey area of 10,618kirhe survey design consisted of 51 transects extegmdoughly
north-west to southeast, perpendicular to the main gradients affecting the distribution of seabirds and marine
mammals.

HiDef proposed a transedbased survey design in which strip transects are placed approximately perpendicular
to the main gadients. A norstratified 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 thesadjents at approximatelyght anglesit ensuresanimabbundancés
sampledacrossawide rangeof habitatvalues.

Surveysvere undertakerusingfour (4) aircrafteachequippedwith four (4) HiDef Genll cameraswith sensors

set to a resolution of 2 cnGround 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 ®fthancial budget, while ensuring an adequate
number of transects,HiDef agreedwith 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 cdugriagéso
offers the potential for the subsequentreview and identification of additionaldata without undertaking
additional survey, should unusual observations be made, or should additional counts be required.

The surveyswere flown usingspecialissurveyaircraft flyingalongthe transectpattern shownin Figurel at a
height of approxi mately 550m above sea | evedal( ASL)
(2016), who suggest a nimum flight height of 500m ASL. Flying at this height ensures igwaoeisk of flushing
specieswhichhavebeenprovento be easilydisturbedby aircraftnoise such asommonscoter Melanittenigra
whichwere knownto frequentthe studyregion.Evensmallamounts ofresponsiveanovementawayfrom the
aircraftwould be sufficiento affectfinalabundancestimates.

Position data for the aircraft was captured from a Garmin GPSMap 296 receiver with differential GPS enabled
to givelmfor the positionsandrecordingupdatedn locationat one secondntervalsfor 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 asr®fzoagpeds
or other large ,nonravianmarinefauna)r anthropogenimbjectssuchasshipsor buoys.

As part of HiDefds quality assurance (QA) process
carried out and the results compared with th@®f 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 fail ed r eyv-egiewed |6 alditdraddifonalitiaisimgar d e d
is then given to the reviewer to improve performance.

Objects are only recorded where it reachesa referenceline on screen(knownaso t hed | i nwdidh)

defines the true transect width of 125m for each camera. By excluding objeatsid not cross the red
line,biasego abundancestimatesausedy flux (movementof objectsin the videofootagerelative to the
aircraft, such as O6wing wobbled) are eliminated.
Object Identification

Imagesnarkedasrequiringfurther analysisvere reviewedby specialisbrnithologist$ for identification to

the lowest taxonomic levgbossible and foassessmertf the approximate agand the seyof each animal,

as well as any behaviour traits visible from the imagery.

The aimsof identificationare four-fold:

To identifyobjectsdetectedby the reviewersandclassiffasmanyto speciedevelaspossible;

To discriminatebetween animateand inanimateobjects and where apparentto detect new objects;

To record additionalinformationwhere possiblesuchasbehaviourageandsex;

To ensureidentificationsare asaccurateaspossiblethrougharobust auditprocess

At least 20%of all objects were subjected to an extern@A process. If less than 10% disagreermismtot
attainedthencorrectiveactionisinitiated:if appropriate the failedr e v i edata&isdiScardedand the data
re-reviewed. Any disputed identifications are passed to a thady expert ornithologist for a final decision.

All objectsare assignedo a specieggroup (genus/familyandwhere possible gachof thesethen further
identified to species |l evel. The species identifi

6probabled or o6definitebd

It is important to note that these confidence ratingee not a standardisd assessmenthe likelihood of
achievinga definite or probableidentificationis not consistentfor all componentmembersof a

1 HiDef currently employsthree (3) of the ten (10) current membersof the British Birds RaritiesCommittee( 6 BB R C 6 )

asexpert ornithologists

2 possiblemore likelyto bethis specie®r speciegroupthananythingelse.Probablevery likelyto be this species

or species group. Definite: as certain as is reasonably possible.

210F 163



HiDel

AERIAL SURVEYING LIMITED

DOCUMENTNUMBERHP00129701-01

DATE: 12 April 2021

species group. For example, someone undertakihgfla large auk species will find it easier to be
confidentof guillemotidentificationthanrazorbill.If theseconfidencescoresare usedto filter or weight
the probability of large auk being one species or another in any analysis, then this wiil ktased
results, particularly if the identification rate is low.

Any

ani mal s

t hat

could not

be i

denti fi

ed

to species

by their wider speciegroup.If, on occasionthe unidentifiecbird is suspeatd of belonging tawo possible
generathen a broader group categorymaybe used.For example a bird would usually be assigned to the

group category O6Shearwater speciesd i ifidentifledasa i f i ed
guillemot However,if the bird hasthe potentialto be either,thenit would be assigned to the group category
6Shear water / Auk speciesd and t Bpeciegpupsaiesedf | ev el
explanatorywith the occasionaéxceptionof auksanddivers,whichwhen exhibiting diving behaviour may
be more problematic to identify. Broader species groups used within the present study are shbaiolén
1.
Tabble 1: First level species groups used in identification process where species level
identification was not possible
Species group (No ID)

Auk / shearwaterspecies Large auk diver species

Auk / smallgull species Large gulspecies

Auk species Skua speciesxcluding great

Blackbacked gubpecies Smalbuk

Cormorant/ shag Smalbird species

Diver species Smaliull species

Duckspecies Tern/ smallgullspecies

Fulmar/ gull species Wader species

Grebespecies Seakpecies

Gullspecies Dolphinspecies

Largeauk Cetacearspecies
Basicseabirdbehavioumwasclassifiedsuchasé d i W is m god Gi f nl gyfiheladtér casethe direction
of travelwasrecorded.Detailson approximateageandsex werenoted where possibleaswell asany
other points of interest such as foraging behaviour.
In the caseo f mari ne mammal s, surfacing behaviour was
red | ined, 6submergedd or Ounknown?d. Swavidnaci ng
ani mal 6s body breaking the fsaucgifrag eatoft Hener evdatleirn
surfacingdé) is where the head of a seal or dorsa
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middleframeof the sequencen whichthe animals present(i.e.,the framenearestto the 6 r le id one &
theoper at ords screen) .

Allanthropogeni@ctivitywasrecorded categorise@seitherd6 manadeo bj é € i B b dd@® t theat 0 .

2.3 Final processing

All data weregeoreferencedtaking into accounthe offsetfrom the transectline of the camerasand
compiled into a single output; Geographical Information System (GIS¥dildhe Observation and
Track data are issued in ArcGIS shapefile format, using UTM29N projection, WGS84 datum.

2.4 Data analysis
2.4.1 Data treatment

Dueto the outermostnorth-westtransectfdlingdirectlyon the shapefildoundary someobservations
were lost when reduced to this area, owing to minor deviations in the flight path. To account for this
andensureallviabledatarecordedwasincludedthe shapefilavasextendedby 1.875kmoutside of this
upper transect, to give an updated area of 10,799Wrigure 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, ata for November and December 2020 were processed to estimate
abundance and distribution of the key species and species grdpsonfidence levels of species
identifications were used in the analysis. In the analysis of species groups, rationaligatdilolist

of species groups was carried out to simplify the interpretation. Where identification to species was
not possibleanalysisvascarriedout at speciegrouplevel.No apportioningofé p a rit d ean fiigs i e d 0
or mammals to species lewsbs 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 -hasesigstrip
transect analysis with variance and édefice intervals (Cl) 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 provdes better precision estimates.

In a strip transect analysiseachtransectis treated as an independentanalysisunit, andthe
assumption is made that transects can be treated as statistically independent random samples from
the site. The length of eactnansect 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 fiteh€&he

density of animals at the site (ahdncethe populationsize),the standarddeviationthe 95%CI
andcoefficientof variancgCV) are then estimated using a nqarametric bootstrap method with
replacement (Bucklanet al, 2001).

The upper ad lower 95% confidence intervals were performed by way of a blocked bootstrapping
techniquein order to ensureequaltransecteffort was sampledacrosseachiteration. This was
doneby using transect ID as the sampling unit with replacement, and thenmapdampling 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 mseas well as the relative standard error as
defined by the standard deviatidividedbythe meanDatawere processedn the Rprogramming
languagéversion4.0.3)and code can be provided on request.

The density estimate is expressed as the averagebruof animals per square km surveyed over

the whole site, and the population estimate is then calculated as the average density multiplied up
to the areaof the wholesite. The standarddeviationisameasureof the varianceof the population
estimate, sdndardised by the number of samples (transects). The upper and lower Cl define the
range that the population estimate falls within with 95% certaifibe CV, also referred to as the
relative standard error, is a measure of the precision of the populadiat 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 ttatwe abundance.

2.4.3 Density mapping

Densitymapswere createdto displaythe distribution of prominentseabirdandmarinemammal

species. These species were selected based on their high abundance or their significance at nearby
SPAs. The density maps have &e derived using a WatseNadaraya type kernel density
estimation (OKDEG6) technique (Simonoff, 1996).
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 otthat point andallthe observationsvithin the window are summed

to obtainalocalcount. Thetotal area of the transect(ghtersecting the windows then summed

to obtain a locaimeasure of effortBy dividing the local cotiiby the local effort, a local density

estimate is obtained. To build a density map, shadyarea iscoveredwith a finemeshof study

points and thedensity iscalculatecht eachpoint in the mesh in turn.

Kerneltechniquesare robustand notascomplexasother density estimatiotechniques 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 thg wariable in the computation

of the density maps.

Ratherthansetthe width parameterarbitrarily,we haveusedaleaveone-out crossvalidatiormethod.
Crossvalidatiorestimateghe predictivepower of amodelby removingsomeof the datafrom 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 vatate 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 predictdéesity 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 psicular choice of kernel width. The kernel width is then varied and the
process repeated; if the new score is lower than the dlet new kernel width is a better choice than

the previousvalue.An exhaustivesearchover allkernelwidthsis thenusedto identify thebestglobal

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 tfent species.

It should be noted that several of the KDE maps
effectively the same throughout the entire predicted distribution maphese correspond to

distributions where the density surface as dbtd from a small local kernel was not effective at
predictingmissinglata;this canhapperwith evenhydistributedbirdsbut canalsohapperfor verysparse

distributions. Inthecaseafpar se di stri butions, t he Otheltraet 6 map d
underlyinglistributionisd f It @tldinpanthatthedatad o e samtéitenoughevidencdo determine

what the underlying distribution idt is therefore useful to refer back to the population estimates for

the corresponding map when lookig a't these o6flatd densities; we
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 birdhd nonavian 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 madelBayesian 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 absrwng padek agdga,l etalr281B)inR Care Teaml(3013] 808B¢ h |

Because digitaerialsurveysdo not samplel00% of thestudy area (see sectidhl), the data need to
be extrapolated between transects to compabird densitieswith the shorebased surveysvithin
comparable areadVhile KDE also extrapolates data (see sectihb.3, it is a deterministic method
which does not use information about the sampling errors in da¢a ad thus doesot provide any
estimation of errors in the outputs.

Alternative stochastic spatialbxplicitmodelling exercises can be done by associating covariates to
observations, and then predicting (extrapolating) into areas where we have informaticimne
covariateqsuchaslatitudeandlongitude) but not on observationsThe Bayesiaipoint processmodel
offersanadvantageverthe standardKDEapproachesgsit takesinto accounthe unequakurveyeffort
in andbetweentransectsweighting thoseareas 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 observatitm&DE, themappeddensities are siply 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 spatigiggrcan be characterised using
the Cox process, which is a Poisson process with intens{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 othegffects (Diggle, 2014; Baddektyal, 2015).

Under the log-Cox point processmodel assumptionlog intensityof the Cox processis modelled
with a Gaussian linear predictor. In this case, the@mx process is known as a lggaussian Cox
process (LGCPMgller et al, 1998), and inference can be made using the Integrated Nested Laplace
Approximation approach (INLA; llliaet al, 2012), which was developed as a computationally efficient
alternative to Markov Chain Monte Carlo (MCMC) methods (Robert aras€lla 2010; Brookst al.,
2011). The logGaussian part of the LGCP name comes from modellind(s}) as a latent Gaussian
(conditional on a set of hypgoarameters), in the typical GLM/GAM framework.

To fit these models in INLA we used the stochastaral differential equation (SPDE) approach
(Simpsoret al. 2016).The SPDEapproachconsistsof representinga continuous spatigirocess (e.ca
latent stationary Gaussian Field) with the Matérn covariance function as a discretely indexed spatial
randam process(e.g.a GaussiatMarkovRandonField( GMRF)RueandHeld,2005).Thisapproachis
computationally efficierwhile accounting folspatictemporalinterdependencendautocorrelationin
the dataandit considersadirect approximationof the log-Cox point processmodellikelihood,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 handlereciangular areas.

The digital aerial sueys were modelled using only the spatial parameters (i.e., x and y coordinates
of observationspscovariatesunderthis approachwhichcharacterisedhe distributionandabundance
of birds basean the locationof individuabbservations. Environmentebvariates were noused 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
containingadistribution of predicteddensityof birds. Thesedistributionsare presentedn several

ways foreachof the focalspeciesThe meanpredicteddensityfor eachgrid cellis presentedin an
individual figure, on the same scale as the KDE maps presented fefocainspecies, 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 sde for these plots represents the full predicted distribution
rather than truncatingat 50 birds. This allows for the small differences between the lower and
upper credible intervals to be observed when the predicted density is very emadty large As
Bayesian modelsill alwaysassign @robabilityto eachgrid cell,the estimateddensitywill never
reachexactlyzero,andthiswill beclearer forspeciesvhere estimateddensityislow e.g. wintering
greatnortherndivers.Thesecondigurealso intudes 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.

Results

Survey effort

The date, number of transects asdrvey effort (as expressed by length of transects) undertaken
in Novemberand December2020are shownin Table2. The numberof transectsandthe total
lengthof transects are those used in subsequent analysis. Weatheearabaditions experienced
during November and December aerial surveys are presentédguare 4.

The same transect lines were used for each survey, although effort differed slightly between
surveys. This wasaused by minor ifferences in start and stop times for transects and minor
deviationsof the aircraft from the transect line.

Table 2 Survey effort acrossthe Marine Institute project area in November and December
2020
S Number of Total length Area Area
Survey date Number transects of transects Covered Covered
analysed analysed (km) (km?) (%)
04 November2020 1 51 2901.6 725.4 6.7
08 December2020 2 51 2902.7 725.7 6.7
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Table 3 Weather and seaconditions experienced during November and December aerial surveys

10:23 15:19 4:56 1.01 2.42 0.00
04 November2020 1 12:00 15:55 3:55 0.99 1.94 0.16
10:22 14:22 4:00 1.01 2.46 0.00
10:19 13:24 3:05 0.77 1.26 0.76
10:46 14:39 3:53 1.24 2.88 0.00
08 December2020 2 10:23 15:11 4:48 1.00 2.85 0.00
09:44 13:46 4:02 0.95 3.80 000
09:39 12:50 311 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 iffable 5to Table 6.

The analysiof datato specieslevel usesall levelsof identificationconfidence with the overall
identification rate of birds and neavian 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 November2020 92.84

08 December2020 92.56
Average 92.70%
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Table 5 Number of objects detected during each survey assignedto species level
November and December 20 20
- Post-breeding Wintering
Species ﬁg;':mc survey survey Total
November 2020 December 2020
Brentgoose Brantabernicla 114 70 184
Mute swan Cygnuslor 4 7 11
EurasiaiWigeon Marecgpenelope 61 109 170
Mallard Anaglatyrhynchos 8 26 34
Teal Anagrecca 0 62 62
Eider i%ngiz 1 0 1
Commonscoter Melanittanigra 99 163 262
Goldeneye Bucephalelangula 0 3 3
ii?;;ﬁzied Merguserrator 12 41 53
;Erree;etcrested Podicepwistatus 6 2 8
Slavoniagrebe Podicepasuritus 0 2 2
Oystercatcher 2;?;?;;32”5 25 62 87
Grey plover Pluvialisquatarola 1 0 1
Curlew Numeniuarquata 17 137 154
Bartailedgodwit Limosdapponica 0 3 3
Blacktailedgodwit | Limosdmosa 0 18 18
Redshank Tringaotanus 0 13 13
Kittiwake Rissdridactyla 1757 537 2294
Blackheadedyull g{;;ﬂf}gﬁ?hams 128 117 245
Commongull Laruganus 348 500 848
S;gi;glzzlﬁ Larugmarinus 85 137 222
Herringgull Larusargentatus 821 1092 1913
It;Ziizd'blgglk Laruduscus 1 6 7
Sandwichern Sternasandvicensi 1 0 1
Greatskua Stercorariuskua 3 0 3
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o Post-breeding Wintering
Species SR Total
p NETE survey survey
November 2020 December 2020
Arctic skua Stercqranus 2 0 2
parasiticus
Guillemot Uriaaalge 11,119 3888 15,007
Razorbill Alcatorda 858 391 1249
Blackguillemot Cepphugrylle 61 36 97
Puffin Fratercularctica 64 0 64
Redthroateddiver | Gavisstellata 55 41 96
Greatnorthemn | & idmmer 103 23 126
diver
Fulmar Fulmaruglacialis 545 746 1291
Sootyshearwater | Ardenngrisea 3 0 3
Manxshearwater | Puffinupuffinus 6 0 6
Gannet Morushassanus 186 86 272
Shag Phalacrgcorax 21 2 23
aristotelis
Cormorant Phalacrocorax 3 3 6
carbo
Little egret Egrettaarzetta 1 2 3
Greyseal Halchoerugrypus 0 7 7
Harbour seal Phocaitulina 2 0 2
Minkewhale Balaenoptera 2 0 2
acutorostrata
Commondolphin | Delphinudelphis 194 6 200
Harbour porpoise Phocoena 21 7 28
phocoena
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

Post-breeding Wintering
Species group (No ID) survey survey Total
November 2020 December 2020
Duck species 4 15 19
Grebespecies 1 0 1
Wader species 29 211 240
Smalgullspecies 102 40 142
Blackbackedgullspecies 3 0 3
Largegullspecies 11 14 25
Gullspecies 30 61 91
Tern/ smallgullspecies 0 1 1
Skuaspeciegxcludinggreat 1 0 1
Largeauk 643 156 799
Smalluk 3 1 4
Auk species 357 94 451
Auk / smallgull 20 14 34
Largeauk/ diver species 5 7 12
Auk/ shearwaterspecies 23 0 23
Diver species 10 24 34
Fulmar/ gullspecies 13 27 40
Cormorant/ shag 0 1 1
Smalbird species 19 3 22
Seakpecies 5 7 12
Dolphinspecies 11 0 11
Cetacearspecies 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 densitytotal estimatedpopulationupperandlower 95%Cl, standarddeviationandCV for
eachspecies andpeciesgroup havebeen calculatedusingstrip transect analysisvith 1,000
bootstraps(section3.3.]. Estimate$or sixfocalspeciefhiavebeenfurther derivedusingBayesian
point processmodelling(section3.3.2.

Definitionsof keyterms usedin the interpretation of theseresultsare presentedin Table7.

Table 7

Terms used in population analysis

Term

Definition

Densityestimate
(birds/krf)

The averagenumberof birds (or animals) pesquarekm surveyedver
the whole survey area

Populatiorestimate
(number)

The mean number of birds (or animals) estimated to exist in the wh
survey area

95%confidencantervalsor
orhii tofpdpulation
(&)

A measureof uncertaintyin the meanvalue If the analysisvasrepeated,
95% of the time the mean population estimate would fall within
upper andower boundary.The smaller the relative Cl range, the mo
confident we can b¢hat the mean estimate is an accurate reflection
the true population size.

Standardieviation(SD)of
population estimate

The amount of variation or dispersion of a set of values. A low
indicates that the bootstrap values tend to be close to theamef the
set.

CV(%)

The coefficient of variation is a standard measure that describeg
dispersionof datapointsaroundthe mean. The lower the CV the more
precise the estimate. It is calculated as the SD / mean.

Relativeabundance

In the caseof divingbirds andmammalsthis is the estimatedpopulation
size based on animals recorded on or above the sea surface and
not accountfor anythat maybe divingandthus submergedht the time
of survey.

Credibleintervals

In Bayesian statistics, creliiintervals are the intervals within which
parametervaluefallswith aparticularprobability.For the purposeof this
report, they canbe interpretedin the samewayas confidencéntervals.

Posteriormarginal
distribution

A posterior distributionis the output of a Bayesian modelt provides a
distribution of density estimates for each grid, rather than a sif
estimate as in the KDE. This distribution is produced because
Bayesiamodelsallow for the incorporationof uncertaintyanduneven

sanplingeffort acrossthe studyarea.

33 0F 163



DOCUMENTNUMBERHP00129701-01
DATE: 12 April 2021

HDef

AERIAL SURVEYING LIMITED

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

Broad category

All birds 24.65 264959 215497 335964 30869 11.65%
All non-aviananimals 0.33 3552 2254 4937 684 19.23%
Species group

Goosespecies 0.16 1756 0 4867 1449 82.54%
Swarspecies 0.01 61 0 149 44 71.33%
Duck species 0.24 2612 659 5320 1257 48.13%
Grebespecies 0.01 106 15 220 52 48.97%
Wader species 0.1 1025 291 2092 465 45.32%
Smallullspecies 3.1 33370 22648 47122 6352 19.03%
Blackbackedgullspecies 0.03 335 146 583 114 34%
Largegullspecies 1.15 12369 5229 21851 4293 34.70%
Gullspecies 0.21 2280 1025 3835 727 31.86%
Tern species 0 16 0 45 15 94.50%
Skuaspecies 0 45 0 101 25 54.43%
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Skuaspeciegxcludinggreat 0 44 0 89 25 55.99%

Largeauk 17.14 184205 149764 227922 20082 10.90%

Smalkuk 0.01 148 0 331 83 55.90%

Auk species 0.92 9894 7415 12601 1308 13.21%

Auk / smalligull 0.03 328 158 538 98 29.87%
Largeauk/ diver species 0.01 161 74 264 49 30.41%
Auk/ shearwaterspecies 0.04 458 206 784 149 32.49%
Diver species 0.22 2386 1244 3811 677 28.34%
Fulmar/ gullspecies 0.77 8273 5512 11912 1617 19.54%

Shearwatespecies 0.01 132 57 221 44 32.82%
Gannetspecies 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%
Smalbird species 0.02 268 133 418 76 28.21%
Seabkpecies 0.01 104 30 192 41 39.31%
Dolphinspecies 0.28 3041 1840 4405 652 21.43%
Cetacearspecies 0.04 385 193 615 109 28.17%
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Table 9 Density and population estimates of speciesin the Marine Institute survey area during the post -breeding survey on 04 November 2020,
derived through strip transect analysis

Species

Brentgoose 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%
Commonscoter 0.13 1442 115 3305 873 60.57%

Redbreastedmerganser 0.02 179 0 503 147 82.17%

Greatcrestedgrebe 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 242 26033 17960 36890 4874 18.72%

Blackheadedyull 0.17 1853 907 3140 584 31.53%

Commongull 0.48 5201 2350 9465 1841 35.39%

Greatblackbackedgull 0.12 1279 713 1981 336 26.28%

Herringgull 112 12019 5319 20759 3898 32.43%
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Lessemblackbackedgull 0 15 0 45 15 101.64%
Sandwichern 0 16 0 45 15 93.77%
Greatskua 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%
Blackguillemot 0.08 867 344 1523 300 34.57%
Puffin 0.09 944 557 1354 213 22.56%
Redthroateddiver 0.07 795 280 1567 343 43.0%

Greatnorthern diver 0.14 1534 721 2640 509 33.17%
Fulmar 0.74 7975 5192 11341 1594 19.99%
Sootyshearwater 0 45 0 89 23 51.01%
Manxshearwater 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%
Cormorart 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%
Minkewhale 0 31 0 74 21 69.51%
Commondolphin 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

Broad category

All birds 12.19 130991 86599 187501 25523 19.48%
All non-aviananimals 0.04 415 231 635 104 25.08%
Species group

Goosespecies 0.09 1019 29 2637 725 71.16%
Swarnspecies 0.01 76 0 223 75 97.94%
Duck species 0.57 6158 1763 11745 2619 42.53%
Grebespecies 0 44 0 103 26 59.28%
Wader species 0.58 6288 1891 11768 2632 41.86%
Smallullspecies 151 16197 8361 26743 4704 29.04%
Blackbackedgullspecies 0.1 1033 422 1944 389 37.60%
Largegullspecies 1.39 14975 6076 26653 5263 35.14%
Gullspecies 0.4 4281 1414 7999 1759 41.08%
Tern/ smallgullspecies 0 15 0 45 15 97.25%
Largeauk 6.01 64544 41208 93308 14222 22.03%
Smalluk 0 14 0 45 14 97.31%
Auk species 0.23 2466 1421 3888 624 25.29%
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Auk / smallgull 0.04 462 118 908 202 43.63%
Largeauk/ diver species 0.02 180 60 314 66 36.45%
Diver species 0.12 1271 602 2118 386 30.35%
Fulmar/ gullspecies 1.05 11337 7117 16774 2628 23.17%
Gannetspecies 0.12 1277 643 2115 381 29.78%
Cormorant species 0.01 90 28 178 42 46.53%
Smalbird species 0 29 0 74 20 69.61%
Seabkpecies 0.02 206 88 385 76 36.65%
Dolphinspecies 0.01 87 15 205 52 59.03%
Cetacearspecies 0.01 118 30 229 50 42.47%
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Table 11 Density and population estimates of speciesin the Marine Institute survey area during the wintering survey on 08 December 2020, derived
through strip transect analysis

Species

Brentgoose 0.1 1068 30 3117 810 75.80%
Mute swan 0.01 78 0 223 76 9779%
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%
Commonscoter 0.23 2483 0 6265 1719 69.21%
Goldeneye 0 45 0 134 45 100.45%
Redbreastedmerganser 0.06 597 160 1215 282 47.13%
Greatcrestedgrebe 0 29 0 75 22 74.26%
Slavoniamgrebe 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%
Bartailedgodwit 0 45 0 134 45 100.35%
Blacktailedgodwit 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%
Blackheadedqull 0.16 1704 483 3415 758 44.45%
Commongull 0.68 7285 2610 13086 2707 37.16%
Greatblackbackedgull 0.19 2005 967 3421 644 32.11%
Herringgull 15 16118 6828 28636 5860 36.3%
Lessemlackbackedgull 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%
Blackguillemot 0.05 517 206 958 193 37.35%
Redthroateddiver 0.06 596 201 1124 246 41.24%
Greatnorthern 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%
Commondolphin 0.01 89 15 193 51 56.64%
Harbour porpoise 0.01 106 15 208 50 47.27%

41 0F 163



HDef

AERIAL SURVEYING LIMITED

DOCUMENTNUMBERHP00129701-01

DATE: 12 April 2021

3.3.2Bayesian point process modelling

Table 12

ocess modelling.

Density and population estimates of six focal speciesin the Marine Institute survey area during the post -breeding survey on 04
November 2020, derived through Bayesian point pr

Species

Kittiwake 2.1(1.97-2.22) 22716 21280 24022 1624 7
Herringgull 0.67(0.57-0.77) 7201 6195 8347 1076 15
Guillemot 13.64(13.28- 13.98) 147259 143464 151006 4144 3
Razorhbill 1(0.93- 1.11) 10848 9989 11955 1101 10
Greatnorthern 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 speciesin the Marine Institute survey area during the wintering survey on 08 December
2020, derived through Bayesian point process modelling

Species

Kittiwake 0.63(0.56- 0.7) 6826 6077 7558 858 13
Herringgull 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
Greatnorthern 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 préséras density maps, in which a
density surface depicts the estimated density of individuals per kmz2. Distributions of less
abundant and unidentified species are presented as dot maps only.

Approximatelytwice the numberof birdswere recordedin the survey areain the post-breeding
survey in November than in the wintering survey in December (Figure 3). Birds were
distributed primarily to the eastof the surveyareaalongthe west coastof Ireland,with high
densitienbservedn both surveys within Galway Bay and around the Aran IslaRidgi(e 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 acrossthe 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/km?2) and number of detections per segment across the Marine Institute survey area in the winteri

December 2020
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3.4.1 Focal species
34.1.1 Kittiwake

Kittiwakes were recorded in very largeumbers in the posbreeding season, with birds distributed
throughout the survey area, both in coastal regions and further offsheigue 8& Figure 9. The
highestdensitiessurroundedLoop Head,Inishmoreandeastof the Aran IslandsHigh densitiesof

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 21,88%,022) in November 2020.

This dropped markedlyto 6,826birds (+95%CI6,0770 7,558)in the December2020wintering
survey FigurelO & Figurell). Despite still beingwidespreadthe highestdensitiesof kittiwake
occurredcloser to shore, with the largest aggregations sea#st of the Aran Islands.

Large proportions of juveniles were recorded (21% of aged birds in November and 16% in
December;Table 134. The majority of kittiwakes were recoetl as flying in both surveys, with 61%
and 81% recorded in the posireeding and wintering surveys respectivalgifle 13.

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 agesin November and December 2020

04 November2020 833 225 697 1757

08 December2020 358 69 110 537

Total 1191 294 807 2294
Table 15 Summary of kittiwake behaviours in November and December 2020

04 November2020 0 1063 681 11 61% 1755
08 December2020 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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Lower (top left plot) and upper (top middle plot) credible intervals and standard deviation (top right plot) of estimated density of kittiwakes
(number/km?) for each cell in the prediction grid, and posterior marginal distribution (bottom plot) of kittiwakes acrossthe 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.

Figure 9
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Figure 10  Density of kittiwakes (humber/km2)  and number of detections per segment across the Marine Institute survey areain 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/km?), 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 gullswere recorded in large numbersin both surveys,increasingn abundancen the
December 2020 wintering surve¥igure 12. Overall population estimates fdine site were largely
similar, increasing from 7,201 birds (£95%ClI 6,a85347) in the November podbreeding survey
to 7,773 birds (x95%Cl 6,61®8,854) in the wintering survey.

Birds were mostly distributed inshore, stretching along the west Iriststea November, with
particularlyhighdensitiesof birds found aroundthe mouth of the ShannorEstuarythe Mid-Clare
Coast andnorth-eastof the Aran Islands(Figure14). In December,birds were lesswidespread,
concentratel in the north-east,around theAran Islandsind outer GalwayBay butstill 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-breedingsurvey(Tablel6). Proportionsof adultsincreasedn the Decemberwintering

survey, with only 23% identified as immatures and 5% as juveniles. In both theqexting survey

and the wintering survey the majority of bgavere sitting on the water, with 75% and 57% of birds
recorded as sitting in the November and December surveys respectivVabe(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 agesin November and December 2020

04 November2020 135 82 24 580 821
08 December2020 348 113 22 609 1092
Total 483 195 46 1189 1913

Table 17

Summary of herring gull behaviours in November and December 2020

04 November2020 0 207 609 25% 816
08 December2020 0 475 617 43% 1092
Total 0 682 1226 36% 1908
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Figure 14

Density of herring gulls (number/km?) 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
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Figure 16

Density of herring gulls (humber/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

gulls (number/km?), and posterior
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3.4.1.3 Guillemot

Guillemots were the most abundant species recorded, with approximately three times the number
of birdsin the Novemberpostbreeding surveyhanthe Decemberwintering survey Figurel8).
Relative estimategut the guillemotpopulationin the surveyarea atl47,25%irds (+95%CI143,464

- 151,006) in November 2020 and 49,197 birds (+95%Cl 47;E35115) in December 2020.

Birds were distributed throughout theusvey area, increasing in density towards the e&gjure

20; Figure 22. The highest densities occurred further inshore, particularly surrounding north and
east of the Aran Islands, and aroutite mouth of the Shannon Estuary and Tralee Bay. In the
December winteringsurvey,birds were still widespread found both far offshore and near the
coastlineHowever, 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 pebteeding and wintering survey respectivelalle 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 guillemot behaviours in November and December 2020

04 November2020 210 10908 2% 11119
08 December2020 233 3654 6% 3888
Total 443 14562 3% 15007
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Figure 20 Density of guillemots (number/km?) and number of detections per segment acrossthe Marine Institute survey area in the post-breeding
survey November 2020 derived through Bayesian point process modelling
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Figure 21
(number/km?),

November 2020 through Bayesian point process modelling. In the bottom plot, the red line indicates the mean prediction, and t
dashed blue lines indicate the 2.5% and 97.5% limits. For more information on interpretation of this Fig
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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

blue lines indicate the 2.5% and 97.5% limits. For more information on interpret
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3414 Razorhbill

Over twice the number of razorbills were present in the November pbseeding survey
than in the December wintering survefigure 24, with the relative population estimate
for the whole site decreasing from 10,848 birds (£95%CI 9889,955) in November to
4,246 birds (£95%CI 3,6 74,765)in December.

Razorbillsvere considerablynore widespreadaroundthe surveyareain the postbreeding
surveywith highdensitieobservedalongthe west coastof Irelandin both months(Figure
26 andFigure28). Areas ofnote for the speciesvere aroundthe Aran Islandsbetweenthe
Cliffsof MoherandMid-ClareCoast, 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 pesteeding and wintering surveysable 19.

Figure 24 Number of razorbills recorded within the Marine Institute survey area in
November and December 2020
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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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Table 19 Summary of razorbill behaviours in November and December 2020

04 November2020 35 823 4% 858
08 December2020 58 333 15% 391
Total 93 1156 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/km?), 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/km?), and posterior marginal distribution of razorbills acrossthe 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
indicate the 2.5% and 97.5% limits. For more information o  n interpretation of this Figure see paragraph  55.
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3.4.15 Great northern diver

Great northern divers were more abundant in the pdsteeding compared to the wintering
survey, withover four timesasmanybirdsrecordedin Novembercomparedto December
(Figure30). Relative populatioestimategangedfrom 1,162(+95%CI| 9030 1448)birdsin
the postbreedingsurveyto 345 95% CI 229 517) birds in the wintering survey.

As expected, birds were primidy distributed close to the coast in both monthBifure 32
andFigure34), with increaseddensitiesobservedin the south-eastandnorth of the study
area,particularlyaround 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 pebteeding survey and 0% of birds recorded
flying in the wintering surveyrable 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
04 November2020 101 2% 103
08 December2020 23 0% 23
Total 124 2% 126
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Figure 32 Density of great northern divers (hnumber/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 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/km?), 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
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Figure 35

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/km?), 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

paragraph 55.
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3.4.1.6 Fulmar

Fulmars increased in abundance by approximately 36% between sufigaye @36, with

the overall populatiorestimatefor the site at 6,430birds (£95%CI5,8490 7,086)for the
Novemberpostbreeding survey compared to 9,020 birds (£95%CI 8 29849) for the

December wintering surveyrulmarswere widely distributed acrossthe surveyareain

both months,with highdensitiesobservedin close proximity to the Cliffs of Moher and

KerryHead SPAO®ds, of which f Eigure38BandFigare4®.High qual i fying
densitieswere also presentin offshore waters in the centre of the study area in both

November and Decembesurveys.

In both the postbreeding and wintering surveys, the majority of fulmars were recorded
as flying, with 89% and 96% of birds flying in November and December respedialaly (
21).

Figure 36 Number of fulmars recorde d within the Marine Institute survey area in
November and December 2020
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Figure 37 Fulmar population estimates, with lower and upper credible intervals, within the
Marine Institute survey areain  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

04 November2020 483 62 89% 545
08 December2020 713 31 96% 746
Total 1196 93 93% 1291
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Figure 38

Density of fulmars (humber/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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Lower (top left plot) and upper (top middle plot) credible intervals and standard deviation (top right plot) of estimated density of fulmars
(number/km?), 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/km?), 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 surveyHigure 42. A peak of 163 birds was observed in December, equating
to a population emate of 2,483 £95% CI 08 6,265) birds within the study regioffrigure

43).

Between the posbreeding and wintering surveys distributions of common scoter
throughout the survey area were similar. In both months, birds warecentrated close to
shore with high densities occurring in the sowghst of the survey area in Tralee and
Brandon BayHigure 44Figure 45.

In the postbreedingsurvey the majority of individualswere male(88%of all observations),

withf emal es (or i mmature mal es, as Obrownd scoter
age) making up the smallest proportion of the population in both months (8% and 3% in

November and Decembetespectiely).

As expected,the majority of common scoter were sitting on the water during both the
Novemberand December surveys, with 100% and 81% of birds recorded sitting respectively
(Table 23.

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 Institute 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

04 November2020 0 99 0 0% 99
08 December2020 18 132 13 11% 163
Total 18 231 13 7% 262
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Figure 44 Density of common scoters (number/km?) 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/km?) and number of detections per segment across the Marine Institute survey area in the
wintering survey December 2020 derived through kernel density estimation
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3.4.2.2 Black-headed gull

Similar abundances of blalc&aded gull€hroicocephalus ridibunderse recorded in boththe
post breeding and wintering survey (128 and 117 records respectiFayre 49, resulting in
a peak populatioestimateof 1,853(+95%CI 9078 3,140)birdsin November2020compared
to 1,704(+95%CI 4830 3,415)in December2020(Figure4?).

The distribution of blacitheaded gulls was generally concentrated close to shore to the east of
the surveyarea(Figured8;Figure49). Duringthe postbreedingsurvey birdswere more widely
distributed along thevestcoastof Ireland,with highestdensities inthe north-east close to the

Inner Galway SPA, of which they are a qualifying species. However, by December most birds
were concetrated around the northeast of the survey area.

Of the birds that could be aged, most birds (94%) were recorded as adidtslé 23. No
immature birds were recorded in either survey, however the proportion of juvenile sird
present was higher in Decemb3. 1%of agedirds)thanin November(1.8%)0On averagethe
majority of blackheadedgulls were recorded as flying during pdseeding and wintering
surveys (72%ftable 24. During the Deember 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 agesin November and December 2020

04 November2020 56 0 71 128

08 December2020 79 0 31 117

Total 135 0 102 245
Table 24 Summary of black-headed gull behaviours in Novem ber and December 2020

04 November2020 0 63 65 0 49% 128
08 December2020 0 113 4 0 97% 117
Total 0 176 69 0 72% 245

88 OF 163



HiDef

AERIAL SURVEYING LIMITED

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 (humber/km2) and number of detections per segment across the 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 gullswere the most abundanion-focal specieghroughoutthe study,with more

birds present during the wintering survey than in the paseeding surveyHigure 50.
Population estimates ranged frdsi201(+95%CI 2,3508 9,465)birdsin Novemberto 7,285
(+95%C1 2,61013,086)n December(Figuresl). High densities of common gull were present

to the east of the survey area during both surveys, with a more widespreadhbdigtmn
observed in November compared to Decembedfigure 52;Figure 53. Throughout both
surveys, the highest densities of common gull were concentrated around the Aran Islands and
Galway Baylose 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 youngbirds occurredin the postbreedingsurvey(Table25). In November,
5.1%0f aged birds were recorded as immature and 7.4% as juvenile, compared to 1.5% and
5.4% respectively in December. In the pbseeding survey, only 40% of birds were recorded
flying, compared to 84% of birds flyingle wintering surveyTable 2.

Figure 50 Number of common gulls recorded within the Marine Institute survey area in
November and December 2020

Commongull
600

a
[o ]
o O

Number of birds
N w N
o o
o o

=
o
o

o

Nov-20 Dec-20

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 agesin November and December 2020

04 November2020 119 7 10 212 348
08 December2020 379 6 22 93 500
Total 498 13 32 305 848
Table 26 Summary of common gull behaviours in November and December 2020

04 November2020 0 138 206 40% 344
08 December2020 0 420 79 84% 499
Total 0 558 285 66% 843
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Figure 52 Density of common gulls (number/km?) 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
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