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EXECUTIVE SUMMARY

1. To support delivery of the latest censustbé breeding seabird population of Britain and
Ireland, a previousNatural England commissioned report (Ressal. 2016) reviewed the
survey methods in order to make recommendations for the most -effsictive survey
design for quantifying (urban) gull abundance in UK and Ireland. Within that report,
recommendations wer made on the expected necessary coverage, with reference to
previous analogous bird surveys across similar geographic scales. This report builds on Ross
et al. (2016) using computer simulations to examine how survey coverage affects the
precision of popudtion estimates. This work will provide a first step towards improving the
population estimates of urban gulls, assuming surveys go ahead in the.future

2. To deliver the ppulation estimates for gulls required for the UK and IrelaRdsset al.
(2016) poposed a survey design using a paired key site and stratified sampling approach,
the latter covering the entire spectrum of urbanisatiof.b 2IzNbB | yQ 1 S& ardSa
covered by the wider national seabird census, such that population estimates derdrad f
aerial surveying of urban key sites and sampling of the wider landscape could be combined
with these counts to produce first complete and robust estimates for the UK and Ireland.
The focus of this report is assessing ttnade-off between sample coverge and the
precision of population estimates.

3. Spatial data describing the distributionslafsser Blackacked Gufl andHerring Gul in the
UK and Ireland were obtained frommed Tetrad Visit data fromird Atlas 20071 (Balmer
et al.2013). We use the possible, probable and confirmdmteeding evidence from the’. A NR
Atlas 2007w M Q t&R desclibe bird distribution (i.e. presence withinl8-km square) and
calculated the mean number of sightings per hour for each tetrad.

4, Using this dataset, &examinedhe effect of varying coverage within sample-lih squares
and in the extent of sample 3¥m coverage on theonfidenceintervalsaround population
estimatesof Lesser Blackacked Gulls and Herring Gulls through bootstrap simulations.
Scenarios of sampling effort includdd different levels of10-km square coverageper
region as well as five levels of tetrad coverage within each squafe.also examined
whether the confidenceintervalsaround population estimatesf gulls in each regh could
be improved by weighting the survey coverage towards tetrads in coastal or urban strata.

5. The confidenceintervals around population estimate®f Lesser Blackacked Gulls and
Herring Gullsreduced with increased coverage of both tetrads ad@-km grid squares.
However, the improvement was most apparent through increased coverad®-kin grid
squares This likely reflects that (within any one region), at low levels of coverage, there is
likely to be greater variability in the relative abundarafegull populations betweed0-km
squares than within a givetD-km square.

6. Confidence intervals were greater for Herring Gull than for Lesser -Biakled Gull
although this was reflective of the relative size of the population estimates produced,
Herring Gull being more numerous and widespread outside of protected sites andtégy si
excluded from this analysis.

7. Relationships varied between regions, in part reflecting the relative size of those regions.

However, typically confidence intervalsogiped sharply with an increase in coveragel 0f
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10.

11.

km grid squares up to around 240 squares per region, but beyond this, the benefits of
increased coverage were less.

Typically the proportion of grid squares in a-Rf square covered by Bird Atlas @211

was less than 100% and as such the simulations of higher levels of coverage will have drawn
from incomplete pools of available tetrads with such squares. In part, this is likely to explain
why, while confidence intervals reduced with an increase flom to medium levels of
coverage of tetrads within 40-km square, there was less apparent benefit with further
increases in coverage.

The effect of the urban weighting varied between species and between regions. The urban
weighting was more effecte at reducing the size of confidence intervals relative to
increased coverage d0-km grid squaredor Lesser Blackacked Gulthan Herring Gulland
principally in Wales, Scotland and Ireland.

The effect of the coastal weighting varied between species and between regions. The coastal
weighting was more effective at reducing the size of confidence intervals relative to
increased coverage d0-km grid squaredor Herring Gulthan Lesser Blackacked Gulland
principally in Wales, Scotland and Ireland.

Given these relationshipsa broad recommendation would be thahere should be a
minimum of 20 16&km squares covered per region (although potentially more or less for
specific regions), with 50% coverage within thesekdD squares.Ostensibly, the 1&m
squares selected within a region for a survey of Lesser Bked Gull should not need to
differ to those selected for a survey of Herring Gull. However, it may be that for one species,
the level of coverage of the region may need to be greater, while it is recommended that
coverage be weighted, in some regions, &vds the urban stratm for Lesser Bladbacked

Gull and towards the castal stratum for Herring GulOptions for rationalising required
survey coverage in such instances are discussed.
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1. INTRODUCTION
1.1 Background

There have been three compketensuses of the breeding seabird population of Britain and Ireland.
Operation Seafarer was conducted from 19880 by the Seabird Grou®peration Seafarer
provided the first comprehensive, detailed account of the abundance and distribution of seabirds
breeding around the coasts of Britain and Ireland (Cranpl. 1974). TheSeabird Colony Register
(SCREensus of breeding seabirds in Britain and Ireland was instigated by the Nature Conservancy
Council (now Joint Nature Conservation Committee, Jid@Yhe Seabird Groupand was
conducted between 1985 and 1988 (Llagtdal. 1991). Seabird 2000 was the third complete census

of the breeding seabird gmulation of Britain and Ireland, conducted betwe&®98and 2002. It was
co-ordinated by JNCC in partnéip with other organisations(Mitchell et al. 2004) and included
improved coverage of inland colonies of terns, gulls and cormorants.

Natural England is engaged with the other Statutory Nature Conservation Bodies (SNCBs), the JNCC,
Royal Society for thBrotection of Birds (RSPB), the Seabird Group and other project partners from
the Seabird Monitoring Programme (SMP) to organise and deliver the next of these periodic
censuses of the breeding seabirds of Britain and Ireland, currently under the workinggiabitels

Counf) ®

Seabirds Countould provide a number of outputs:

1 National population estimates, that provide for EU Article 12 reporting and context to site
level population estimatesand which feed into conservation assessments at various
geograhic scale

1 Sitelevel population estimates that provide for Common Standards Monitoring of species
interest features of protected sites (Special Protection Areas [SPAS], Sites of Special Scientific
Interest [SSSIs], Ramsar sites) and inform-eas& (e.g in relation to general licences issued
for gull species, and conflicts with urban gulls: Calladinel. 2006). (Both national and sie
level population estimates are also required to inform Habitat Regulations
Assessments/Environmental Statements sulbadi in the consenting process);

1 Trend data that provide verification and qualification of annual SMP trend data. The seabird
census also provides thlanly available data on short and lotgrm trends for some species;

T S5A&GNROGdzGAR2Y RIGE GKFEG Oy 06S -@&Wno HedaR YENI K
2013) to refine information on seabird range and range change;

1 51 41 02 AYVF2NY NBASEHENDODKEZ Soe3ad FAYAYy3I (2 dzy
internationally imporaint seabird populations;

1 Recruitment of census volunteers to the SMP in order to improve future annual seabird
monitoring.

Each previous census has seen improvements in data collection methods that have resulted in new
baseline population estimates for sgies. ForSeabirds Countthere is a particular desire for
improved survey methods and coverage for urban breeding gulls, predominantly Herrindg.&sudis
argentatusand Lesser Bladbacked Gulld. fuscusbut also other species such as Common Gulls
canusand BlacKegged Kittiwake®issa tridactylaHere, urban is taken to mean all man made (hon
natural) habitats, including but not limited to buildings and other structures found in villages, towns,
cities and industrial land.
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While gulls nesting irurban environments have been surveyed by Seabird 2000 in-2008

(Mitchell et al. 2004) and previously by Monaghan and Coulson (1977) and Raven and Coulson
OMpPT LI GKS ALINBFR Ay GKS aLISOASAQ RA &G Nzl A 2 Y
(Balmeret al. 2013) and concerns regarding the accuracy and efficacy of some previous approaches
(Coulson & Coulson 201Rock 200k have highlighted the need for a robustly designed survey
methodology.

An earlier Natural England commissioned rep(Ribsset al. 2016) reviewedthe available and
potential survey methods, in order to make recommendations for the most-effisttive survey
design for quantifying (urban) gull abundance in UK and Ireland. Within that report,
recommendations were made orhe expected necessary coverage, with reference to previous
analogous bird surveys across similar geographic s@ésreportbuilds on Rosset al. (2016) using
computer simulations to examine how survey coverage affects the precision of population
estimates. This work will provide a first step towards improving the population estimates of urban
gulls, assuming surveys go ahead in the future.

1.2 ProjectAims

The primary aim of this work is to develop an understanding of the tadtidetween survg
coverage and the precision of derived population estimates. Population estimates for gulls are
required for the UK and Ireland (including England, Scotland, Wales, Northern Ireland and the crown
dependencies in the British Isles) with associated measofasncertainty (e.g. 95% confidence
intervalg; informed by this work it is hoped to deliver surveys, with acceptable uncertainty, that are
still affordable. In order to meet this aim, this work has the following objectives:

i. To run computer simulatins, as per strata identified in Rossal. (2016), to understand the
effect of varying coverage on the precision of gull population estimates.

ii. Through the process of running simulations, to develop computer code to generate
population estimates fogulls, assuming surveys will take place in future; and

iii. To clearly describe the tradaff between coverage and precision of population estimates,
such that it is possible to either determine the number of samples it is desirable to collect, and
/ or what level of precision would be delivered by collecting a set number of samples. This
should be at regional (defined in Ragtsal. 2016) and national (devolved country) scales.
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2. METHODS
2.1 Data

To deliver the ppulation estimates for gullsequired for the UK and IrelandRosset al. (2016)
proposed a survey design using a paired key site and stratified sampling approach, the latter
covering the entire spectrum of urbanisatioh. was proposed that the survey would best be
achieved by digital aerial survey and that the stratificatglmould be based on gull abundance,
region, percentageurban cover and whether the site was coastal or inlah 2IZNDB | yQ 1 Sé
would be coveredy the wider national seabird census, such that population estimates derived from
aerial surveying of urban key sites and sampling of the wider landscape could be combined with
these counts to produce first complete and robust estimates for the UK alahtre

Rosset al. (2016) identifiedseven potential key urban sites to be surveyed: London, Manchester,
Birmingham, Edinburgh, Glasgow, Liverpool and Dublin. To generate the required population
estimates, it was also proposed that digital aerial surMagysconductedin sample10-km squares
across 14 defined regions of the UK, and Ireland. In the absence of additional simulation, an
approximate figure of 100 sampl&0-km squares, in addition to the potential key sites, was
proposed, reflecting coverage bgther previous surveys (e.g. the 2003/2905/06 Winter Gull
Roost Survey: Banls al. 2009, Burtoret al. 2013; and the Dispersed Waterbird Survey: Jaclkton

al. 2006). The focus of this report is assessing tnade-off between sample coverage and the
precision of population estimates.

Spatial data describing the distributionsladsser Blackacked Gudl andHerring Gul in the UK and
Ireland were obtained fronBird Atlas 200711 (Balmeret al. 2013). Timed Tetrad Visits (TTVs:
https://www.bto.org/volunteersurveys/birdatlas/methods/fieldnethods) (1 or 2 hours in length)
were conducted during the breeding season (Apully) within eaci0-km grid square of the British

and Irish National Grids, although coverage varied between regions (Zdblelen-km squares

were divided into 25 tetrads, 2 km x 2 km squares, and squares with less than eight tetrads covered
were not considered in the analysi$etrads falling within theseven potentialkey urban sites
identified by Ros®t al. (2016) were also excludedrurther, because they are likely toeceive
dedicated survey coverage during théder national seabird censuSpecial Protection Areas (SPAS)
and potential SPAs (pSPAs) designated for breeding coloniessdr Blackacked Gll and Herring

Gull (http://incc.defra.gov.uk/pagel409 https://www.npws.ie/protectedsites were also excluded.

For the largeMorecambe Bay and Duddon Estuary potential SPA, the excluded area was limited to
the South Walney and Piel Channel Flats Site of Specific Scientific InterestwBiginclude the
protected gull coloniesln addition, squares often did not contain thell 25 tetrads, i.e. due to
being on the coast, bordering a neighbouring regioncontainingkey sites. Such squares wigh
reduced number of tetrads were included in analyses if at least 8/25tHsecdvailableetrads were
surveyed, thus matching theriteria of eight squares used above for squares containing a full 25
tetrads available.
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Table 2.1 Coverage oBird Atlas 20071 data for 12 regions withithe UK and Republic of

Ireland.
Region Number of10-km | Number of10-km grid Max (mean) number of
grid squaregper squaredncluded in tetrads covered per grid
region analyses square
Scotland NW 508 342 19 (9)
Scotland E 337 302 25 (12)
Scotland SW 310 234 24(9)
England NW 160 137 25 (18)
England NE 296 273 25 (15)
Midlands 369 359 25 (18)
Wales 282 237 25 (12)
East Anglia 241 229 25 (15)
England SE 276 247 25 (18)
England SW 281 237 25 (I7)
Northern Ireland 189 112 21(8)
Republic Ireland 574 427 16 @)

We usedrecords of possible, probable or confirmed breedfrgm the W. A NJR0O7Z-ni M @ &dR | { |
describe bird distribution and calculated the mean number of sightings per hour for each t€hiad.

thus excluded other records of birds not thought to be breeding amd consistent with data
presented inBird Atlas 2007112 y & LI8e®din§ disRibutions. While it should be noted that the
AyOfdzaAzy 2F WLIRAaA0fSQ o0NBSRAYy3I NBO2NRa YAIKG
produced in this analysig, is the relative size of the confidenaservals to the estimate thais of
importance rather than the estimate itsefee below).

It should be noted that the counts from Bird Atlas 2a07 are likely to underestimate the actual
numbers of nesting pairs dfesser Blackacked Gulls and Herring Gulliue to the diffialties of
surveying roohesting birds from the ground hence the recommendation that digital aerial surveys
should be used as the basis of the proposed surRRegget al.2016)¢ and as they are timed counts

(1 or 2 hours) and thus do not provide combpemsive coverage of the tetrads. However, it is
expected that the variation in counts between tetrads is likely to be proportionate to that in actual
breeding numbers, and thus that the counts provide a suitably representative dataset to assess how
varying coverage will affect the confidencd@tervals around population estimates, even if those
population estimates in themselves are underestimated.

Eachl10-km squarewas assigned to coastal vs. inland sirahd urban vs. nowirban habitat strai.
Thesetwo stratificationswere not mutually exclusive, thus a felavel categorisatiorof individual

dljdz NB&a 61 a4 LINPRAZOSR O6AD®Sd WA ydZNIyIRY QdzNDByF R/-QP O 2H G
dzNJD | T¥t@dswithin squares that clipped 1 km buffer aroundhe coastlineificludingestuaries)

were first classified as coastal and all others were considered as ifRasdet al. 2016). Any10-km

grid squares containing coastal tetrads (and consequently all tetrads within those squares) were
themselves then considered as coastal. THean stratumwas based on the Land Cover Map (LCM)
2007 dataset (http://www.ceh.ac.uk/services/lanecovermap-2007, Morton et al. 2011) with the
exceptions of Northern Ireland and the Republic of Ireland, which was based on CORINE Land Cover
data (ttp://land.copernicus.eu/pareuropean/corineland-covel). Both datasets offer urban
coverage at a 1 km resolutioihe threshold for assigninglO-km squares to the urban stratn

were 2%and 3.8% for the LCM and CORINE Land Cover data, respe&lineeAtlas2007-11 data
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indicated an increase the proportion ofsquares withmedium abundancef Lesser Blackacked

Gulk between 62% urban and >8% urban categorieRosset al. 2016), suggesting that 2% might

be an appropriate thresholtbr the LCM dataseLinear regression of the % urban cover of the LCM
and ORINHatasets for Great Britain indicated that 2% urban cover in the LCM dataset roughly
corresponds to 3.8% in theORINEataset. Given thisclose relationships between gull abundance
and urban habitats, we did not consider further stratification based on gull abundaspeeviously
suggested byRosset al. (2016) Regions also follow those presentedRisset al. (2016) although

for the purposes of this simulation exerci$®ales was treated as a single region and the Isle of Man
and Channel Islandsas excluded (due to the limited size of the latter and of the south Wales
region)

It was necessary to classify -k squareqand consequently all tetrads within those squarés)
strata in order to be able taveight survey effort towards specific strata equally across all levels of
survey coverage considered in the simulation. It should be noted thatirifistes the variation
within each strata in the simulation beyond that which will be expected ftoensurveyitself, for
which individual tetrads within 1&km squares would béndependently assignedlb strata This
would be expected to result iconfiderce intervalamuch reduced in magnitude

22 VaryingSampling Efort

Using this dataset, wexaminel the effect of varying coverage within sample-kifd squares and in
the extent of sample 18m coverage orthe confidenceintervals (i.e. the intervabetween the

upper and lower 95% confidence limijound population estimatesf Lesser Blackacked Gulls
and HerringGulk through bootstrap simulations

We produced119 bootstrap realisations ofpopulation estimates othe survey area using data
collected for Bird Atlas 20@11, using resampling procedures carried out at both flekm grid
square level and the 2x2 km tetrad level within each squdfe.selected 119 bootstragge. rather

than higher numbersas a tradeoff of limitations in computing time of the sampling algorithm, and
also to allowconfidence intervals to be generated through selection of ordered bootstraps (see
below).

At the 10-km grid square level, we usedlstratified random samjihg approachresampling squares

with replacementirom those proportionally available within the foir S @St a4 NI G O0A ®S o
WO2 luban@ I WA YdZND/ARY B 20 O 2-HzBI | QY 2 ¢ A (i Kie ¢ffe@adf sarkpleNBE 3 A 2 v
size(regional coverage) was estimated \myryingthe number ofLl0-km grid squaresthus simulating

scenarios of surveying smaller subsets of the total available within the regioh.dubsebf 10-km
squareswvasrandomy sampled with replacement frorthose squares within each stratufar which

tetrad samples wee available(see Table 2.1)Thus, subsets of squares were sampled in relation to

the proportion of available strata within each region. The subset of squares was then scaled up to

the number of 10-km squares inthe region allowing a regional pofation estimate to be
determined.Scenarios of sampling effort includédl different levels ofL0-km square coveragé( 8,

10, 15, 20, 30, 4®0,60, 80 and 100 squares per regioNpte, the effect of increasindevels of10-

km square coverage (aronfidence intervals) was expected to vary between regions, both because

of inherent differences in the variation in counts between regions and because of the differences in

the proportional coverage of each region that these levels represent. Thus, wdifgovidebroad
recommendatios on the minimum number of 2km squares that should be covered per region,
specificrequirements are likely to vary between regions.
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To investigate the effect of proportional coverageithin 10-km squares, a second stage o
resampling based on tetrad coverage was simultaneously carried out. A subset of tetasds w
randomly selected with replacement from those surveyed within each square, which were then
extrapolated to the total number of tetrads within the square. Howevee, extrapolated number of
tetrads was only 25 if the square was fully inland and did not border neighbouring regiokesy

sites FHve levels of tetrad coverage within each squarere considered (20%, 40%, 60%, 80% and
100% of available tetrads withia square). Percentage values rather than absolute numbers of
squares were chosen to accommodate constraints on the numbers of tetrads noted above, which in
turn better simulated potential coverage within a square by aerial surveys. It should be noted,
however, that typically the proportion of grid squares in akifi square covered by Biréitlas 200¢
11was less than 100% (although usually greater than 32%, i.e. 8 of 25 sque®bove), and as
such the simulations of higher levels of coverage will ldraevn from incomplete pools of available
tetrads with such squares.

Following both stages aEsanpling above, carried out for 119 realisations, a population estimate
for each strata for each region was then calculated. All strata estimates were aligtigd the
region for each urordered realisation and summed to give 119 estimates of the population in the
region. Realisationwere then ordered from smallest to largest andn@edian estimate with
confidence intervalsvasderived for the number of gulls the survey area (using 2lrepetitions

the 60th, 3rd & 116thordered values give estimagevith 95% confidence intervals).

From this simulation we ploted the magnitudeof confidenceintervals acrossthe range of10-km

grid sample coverage and withgrid proportional coveragegfor each region (n = 12), thus
investigating tradeoffs of increasing surveying coveragghin the region (number of 1&m grid
square subsets), versus the percentage coverage within individual squdesian population
estimates werealso plotted in relation to coveragell plots were visually inspected for a suitable
point in this 3D space where both confident#ervals and medians plateaued, with minimum
confidenceintervak ideally sought. It was anticipated that muchgker within region coverage (i.e.

up to 100individual 16km square$ would result in the lowest confidencmtervals, thus we
inspected plots for the point at which as similar error in estimates could be obtained with minimal
within region and withirsquare survey coverage.

As indicated abovet is the relative size of the confidendetervals to the estimate that is of
importance rather than the estimate itself, the key assumption being that the variation observed
during Bird Atlas 20@2.1 will berepresentative of the variation expected during the proposed aerial
survey. Although the acceptable size of the confidemuervals is a subjective decision, the
proposed simulation will help guide that decision and allow us to seek an optimal balaeeebet
survey effort and level of refinement of the population estimates it will generate.

In addition to producing plots at the region level, we also produced combined plots for England,
Scotland, Wales, Northern Ireland, Republic of Ireland, UK, GrdainBand Great Britain and
Ireland (although note some regions were at the country level as originally specified). For such
regioncombined plots, all population estimates within strata and for each region were aligned for
non-ordered bootstraps, thereaftea row-sum across for each 119 realisations was computed, prior
to further ordering of realisationfor calculation of medians and confidence interyals described
above.

All data manipulation and resampling algorithms were computed using R ver8i@(301610-31,

W{AYOSNB tdzYLINAY tI §OKQO ®
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23 WeightingSurvey Effort ®wards Specific Strata

To examine whethethe accuracyof estimating the relative abundance of gulls in each regiould
be improved by weighting thesurvey coveragdowards tetads in coastal or urban strata we
repeated the simulation analysis under two scenari@dy: resampling coastal tetrads and inland
tetrads; and(2) resampling urban tetrads and namban tetrads This analysis was limited to regions
with 50 or morel0-km squases in coastal or urban strata.

A worked example explaining the weighting procedure is provided in TabM/@dhted estimates
were obtained using the sanmresanpling algorithm as defined above, with procedures at the tetrad
level in the second stage begjridentical. Weighting was applied at tfiest stagewhen drawing
samples of 1&km squares within strata. Theumber of 16km squares to be resampled withurban
strata (inland urbangoastal urban) or coastal strata (coastal urban, coastaturban)was initially
derived in the same way as the aweighted version, i.ein proportion to the number of squares of
that stratum within the region Howeverwe then alsoweighted samplingby initially doublinghe
numbers of urban or coastal squares to be resampbtd then rescaling the adjusted values so
obtained to bring the total sample back dowmthe overall targetlevel of sampling6, 8, 10, 15, 20,
30, 40, 60, 80 or 100 squares per region).
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Table2.2

Example of the weighting procedure for one bootstrap for a single region, carriedfen resanpling numbers of 1&m squaresHere

presented for a subset of 40 squares (range of 6 to 100 considered in the agadggismethods) from a region containing 175 available
squaresStages are as follows: (1the total number of squares falling into the fotier urban/coastal inland/costal strata are determined
and (2) the proportions of squares within strata are identified (e.g. 46% uripdand). Next, (3) the subset number of 40 squares are
apportioned to strata note, at this point the algorithm has selected an wmeighted subsebtf squaregasused in uaweighted analysés
Weighting (4) is then carried out liy stage 1 doublingnlythe number of squares in the strata to be sampled from, in this exampban
(urbancoastal and urbainland); this results in more than the 40 sgre regional total (i.e. now 64 squares), hence in stagdl 2quares
are proportionally adjusted back to the subset number through a ratio correction (i.e. 4Qt@&be are then (5) rounded to an integer

providethe numbers of squares needing to leEsampled

PROCESS: -—-> -—-> - -—-> ——->
(2) strata
DESCRIPTION: (1) Total region coverage proportions (3) 10-km square subset (4) Weighting (5) Resampling
The proportion . Stage 2: rescaing Rounded
. Stage 1:
Number of squares per of each strata  Subset proportions for ; back to 16km random no.
Strata ) o : doubling urban . i
strata per region within the regional coverage : squareregion squarespicked
. representation
region coverage per boot
Coastal than 25 0.14 5.71 11.43 7.14 7
Inland uban 80 0.46 18.29 36.57 22.86 23
Coastal on-urban 50 0.29 11.43 11.43 7.14
Inland ron-urban 20 0.11 4.57 4.57 2.86
Totals 175 1.00 40 64 40 40
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3. RESULTS
3.1 Impact of Varying Sampling Effort

Confidence intervals around population estimates for Lesser ®lacked Gulls and Herring Gulls in
regions and constituent countries of the UK and Ireland based on different levels of survey coverage
simulated by sampling from the Bird Atlas 2600l data(and with sample coverage wmeighted in
relation to coastal/inland or urban/noarrban strata) are shown in Figures 3.1 and 3.3 respectively.

The median population estimates themselves are shown in Figures 3.2 and 3.4 respdtthelyld

be noted tha theseare indicative only and should not be taken astestimates of population size

for the reasons stated in the metds. Further, itmust be emphasisedhat the shapes of the
relationships of the confidence intervals with increasing sample sizefaneore importance than

the relative size of the confidence limits to the median population estimates for the same reasons
(seemethods/discussion).

Confidenceintervals around population estimate®f LesserBlackbackedGulls andHerring Gulls
reducedwith increasedcoverage of tetrads anti0-km grid squaresalbeit to amuchgreaterextent
with higher coverage df0-km grid squaregFig 3.1; Fig 3.3).

Relationships varied between regiois part reflecting the relative size of those regions (Table. 2.1)
However,typically confidence intervals dropped sharply with an increase in coverat@loh grid
squares up to around 280 squares per regigrbut beyond this, théenefitsof increasedcoverage
wereless.

Benefits of increased coverage of tetrads within &ktisquare were also less apparent beyond 60%
coverage We note, however, that at smaller regional coverage numbers of squaresptifelence
intervals increase across tetrad cerkage, rather than decrease asould be predicted Such a
pattern is not unexpected as with smaller regional coverage the probability of selecting a large count
is more stochastic but in turn is increased by greater within tetrad coverage

Confidenceintervalswere greaterfor Herring Gull than for Lesser BlackackedGull (Fig.3.1; Fig.
3.3), although this was reflective of the relative size of the population estimates produced

3.2 Impact of Weighting Survey Coveragimwards Specific Strata
3.2.1 Urban

Confidence intervals around population estimates for Lesser Blacked Gulls and Herring Gulls in
regions and constituent countries of the UK and Ireland based on different levels of survey coverage
simulated by sampling from the Bird Atlas 200 data and with sample coverage weighted to
urban 1G8km squares are shown in Appendices 1 and 5 respectively. The median population
estimates themselves are shown in Appendices 2 and 6 respectively.

The effect of theurbanweighting varied between spegs and between regions. Thebanweighting
was more effective at reducing the size of confidence intervals relatiecteased coverage dio-
km grid squaredor Lesser Blackacked Gulthan Herring Gull and principally in Wales, Scotland
and Ireland
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3.2.2 Coastal

Confidence intervals around population estimates for Lesser ®lacked Gulls and Herring Gulls in
regions and constituent countries of the UK and Ireland based on different levels of survey coverage
simulated by sampling from the Biwitlas 200711 data and with sample coverage weighted to
coastal 1&km squares are shown in Appendices 3 and 7 respectively. The median population
estimates themselves are shown in Appendices 4 and 8 respectively.

The effect of the coastal weighting ved between species and between regions. The coastal
weighting was more effective at reducing the size of confidence intervals relativiecteased
coverage ofl0-km grid squaredor Herring Gullthan Lesser Blackacked Gujland principally in
Wales, Scotland and Ireland.

BTO Research Report No. 699
March 2017 22



Figure3.la Confidenceintervalsaround population estimates for Lesser Blaacked Gulls in
regions of the UK and Ireland based on different levels of survey coverage simulated
by sampling from the Bird Atlas 2007 data and with sample coverage un
weighted in relation to coastal/infad or urban/norurban strata
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Figure3.1b

Confidenceintervalsaround population estimates for Lesser BHelcked Gulls in
constituent countriesof the UK and Ireland based on different levels of survey
coverage simulated by sampling from the Birda&tP00711 dataand with sample
coverage urweighted in relation to coastal/inland or urban/namrban strata
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Figure3.2a Median population estimates for Lesser Blasicked Gulls in regions of the UK and
Ireland based on different levels of survey coverage simulated by sampling from the

Bird Atlas 20071 data and with sample coverage wmeighted in relation to
coastal/inland or than/nonrurban strata
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Figure3.2b Median population estimates for Lesser Blao#icked Gulls ilmonstituent countries
of the UK and Ireland based on different levels of survey coverage simulated by

sampling from the Bird Atlas 20d7 dataand withsample coverage uweighted in
relation to coastal/inland or urban/nonrrban strata
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Figure3.3a Confidencédntervalsaround population estimates fdferringGulls in regions of the
UK and Ireland based on different levels of survey coverage siedubat sampling
from the Bird Atlas 200711 dataand with sample coverage ameighted in relation
to coastal/inland or urban/nowurban strata
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Figure3.3b

Confidenceintervals around population estimates foHerring Gulls inconstituent
countries of the UK and Ireland based on different levels of survey coverage
simulated by sampling from the Bird Atlas 2607 dataand with sample coverage
un-weighted in relation to coastal/inland or urban/namban strata
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Figure3.4a Median population esimates for Herring Gulls in regions of the UK and Ireland

based on different levels of survey coverage simulated by sampling from the Bird

Atlas 200711 data and with sample coverage wmeighted in relation to
coastal/inland or urban/norurban strata
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Figure3.4b Median population estimates foHerring Gulls inconstituent countriesof the UK

and Ireland based on different levels of survey coverage simulated by sampling from

the Bird Atlas 20011 dataand with sample coverage wmeighted in relationto
coastal/inland or urban/nosurban strata
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4. DISCUSSIOANND RECOMMENDATIONS

To deliver the ppulation estimates fot.esser Blackacked Gulls and Herring Guiéquired for the

UK and IrelandRosset al. (2016) proposed a survey design using a paired key site and stratified
sampling approach, the latter covering the entire spectrum of urbanisatiavas proposed that the

survey would best be achieved by digital aerial survey and that the stratificsttiomdbe based on

gull abundance, region, % urban cover and whether the site was coastal or ifHdn@izRDb | y Q 1 S @
sites would be covered by the wider national seabird census, such that population estimates derived
from aerial surveying of urban key steand sampling of the wider landscape could be combined

with these counts to produce first complete and robust estimates for the UK and Ireland.

The principabhim of the present studyas toexaminethe effect of varying coverage within sample
10-km squaes and in the extent of sample Im coverage on the confidendatervals around
population estimates of Lesser Blao#cked Gulls and Herring Gudlutwiththe provisionakey sites
identified byRosset al. (2016) so as to provide guidance on the levelf coverage required by a
future national survey

It should be noted that it is theelative size of the confidence limits around the estimates, i.e. the
precisionof the estimatesrather thantheir accuracy that is of importance. As noted in the methods,
the tetrad counts from Bird Atlas 2001 used in this studyre likely to underestimate the actual
numbers of nesting pairs dfesser Blackacked Gulls and Herring Gulliue to the difficuies of
surveying roodnesting birds from the ground hence the recommendation that digital aerial surveys
should be used as the basis of the proposed surReg¢et al.2016)¢ and as they are timed counts
(1 or 2 hours) and thus do not provide comprebime coverage of the tetradBurther, therelative
size of the confidence limits to the median population estimates is likely to be much gthater
would be expected from a bespoke survey, both for these reasons and also asricgessary to
classifyl0-km squares (andonsequently all tetrads within those squares)strata in order to be
able to weight survey effort towards specific strata equally across all levels of survey coverage
considered in the simulationkor the purposes of the proposed sawvitself, individual tetrads
within 10-km squareswould be independently assigned to straaad confidence intervals would
consequently benuch reduced in magnitudét is neverthelessexpected that the variation in counts
between tetrads is likely to bproportionate to that in actual breeding numbers, and thus that the
counts provide a suitably representative dataset to assess Wanying coverage will affect the
confidenceintervalsaroundpopulation estimates.

Theconfidenceintervalsaround population estimatesf Lesser Blackacked Gulls and Herring Gulls
improved with increased coverage of both tetrads ad@km grid squares. However, the
improvement was most apparent through increased coveragd®km grid squares This likely
reflects that (within any one regiongat low levels of coverag#here is likely to be greater variability
in the relative abundance of gull populations betwekdkm squaresthan within a givenl0-km
square

Confidence intervals were greater for Herring Gull than for Lesser-Bétled Gull (Fig. 3.1; Fig.
3.3), although this was reflective of the relative size of the population estimates produced, Herring
Gull being more numerous and widespread outside aftgeted sites and key sites excluded from
this analysigMitchell et al.2004).

Relationships varied between regions, in part reflecting the relative size of those regions (Table 2.1).
However, typically confidence intervals dropped sharply with an irseréa coverage of0-km grid
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squares up to around 200 squares per region, but beyond this, the benefits of increased coverage
were less.

As noted in the methods, typically the proportion of grid squares in a 10 square covered by Bird
Atlas 200¢€¢11 wasless than 100% (although usually greater than 32%, i.e. 8 of 25 squaess
above), and as such the simulations of higher levels of coverage will have drawn from incomplete
pools of available tetrads with such squares. In part, this is likely to explainwhile confidence
intervals reduced with an increase from low to medium levels of coverage of tetrads williitkra
square, there was less apparent benefit with further increases in coverage.

Given these relationships broad recommendation woulde thatthere should be a minimum of 20
10-km squares covered per region (although potentially more or less for specific regions), with 50%
coverage within these Xkm squares.

This recommendation might be refined, for some regions, by weighting samgdfimd. The urban
weighting was more effective at reducing the size of confidence intervals relativecteased
coverage ofl0-km grid squaredor Lesser Blackacked Gulthan Herring Gull and principally in
Wales, Scotland and Irelan@onverselythe coastal weighting was more effective at reducing the
size of confidence intervals relative ittccreased coverage d0-km grid squaresor Herring Gulland
again principally in Wales, Scotland and Ireland. These relatianigtefy reflect that both species
are less extensively distributed in these regiondth fewer occupied 1&m squares/tetrads away
from the coast and major urban areas, reflecting the lower urban cover in these regions.

Ostensibly, the 1&m squares setded within a region for a survey of Lesser Blaakked Gull

should not need to differ to those selected for a survey of Herring Gull. However, it may be that for

one species, the level of coverage of the region may need to be greater or, as suggestedtladio

coverage could be weighted towards particular strata.indicated above, in some regions, coverage

might be weighted towards the urban stratum for Lesser Blzadked Gull and towards thevastal

stratum for Herring Gullin such a case, the samsgquares might be selected for the two species in

GKS wO2lFadGlt dz2NENKIQY @ y&R(I NAYKE I y &Rz 2 FE ( Nlesser |j dz NB &
Blacko  O1 SR Ddz f Ay GKS WAYflIYR dz2NDBFyYyQ &daNg Hiydey |y
stratum. ABNY I § A @St esx 2yS YAIKG ¢SAIKG FdzZNIKSNI 261 |
regions, one might also consider the relative expected populations of the species and whether
weighting might be prioritised for one species over the other. It should alsoolbed that, as the

proposed survey would aim tgupport delivery of the latest census tifie breeding seabird

population of Britain and Irelandany sites that are covered by that wider census might be excluded

from the area requiring sample coveraghed S Y2 aid €t A1 St & 2 OOdzNINBYF ¥ A (i K
stratum.

Rosset al. (2016) provided indicative costs for both coverage of key sites andaalspproximate

figure of 100 samplelO-km squaresacross all regionsthis figure reflecting coverageby other
previoussamplebasedsurveys (e.g. the 2003/62005/06 Winter Gull Roost Survey: Bargtsal.

2009, Burtonet al. 2013; and the Dispersed Waterbird Survey: Jacletoal. 2006). These costs
included varying levels of coverage of thekifh squaresrom 10 to 100%. Thigure of 100 sample

10-km squaresacross all regions equated to around seven squares per regit@ss than the
suggested figure of 20 that the analyses presented here would suggest is required. However, relative
costs would be redwed by the lower level of coverage neededthin those 10-km squares and

could be further reduced by surveying more than onekh®square per flight, reducing transit costs.
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Appendix Br  Confidenceintervals around population estimatesf Lesser Blackacked Gudl in
regions of the UK and Ireland based on different levels of survey coverage simulated
by sampling from the Bird Atlas 20Q7 dataand with sample coverage weighted to
urban 16km squaregsee methods)
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Appendix b Confidenceintervals around population estimatesf Lesser Blaekacked Gullsn
constituent countriesof the UK and Ireland based on different levels of survey
coverage simulated by sampling from the Bird Atlas 200data and with sample
coverage weighted to urban #m squares (see methods)

SCOLA ENGLA

BTO Research Report No. 699
March 2017 38



Appendix2a  Median population estimatef Lesser Blaekacked Gullsn regions of the UK and
Ireland based on different levels of survey coverage simulated by sampimglie
Bird Atlas 20071 dataand with sample coverage weighted to urbank@ squares
(see methods)
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Appendix  Median population estimatesof Lesser Blaekacked Gullsn constituent countries

of the UK and Ireland based on different levelssafvey coverage simulated by

sampling from the Bird Atlas 204 dataand with sample coverage weighted to
urban 16km squares (see methods)

ENGLA

o2i5 uopeindod

NN
R
8 3

o215 uoneindod
&
g

o715 uoneindad

az)s uone(ndod

azie uogeIndod

BTO Research Report No. 699
March 2017

40



Appendix & Confidenceintervals around population estimatesf Lesser Blackacked Gullsn
regions of theUK and Ireland based on different levels of survey coverage simulated
by sampling from the Bird Atlas 20Q7 dataand with sample coverage weighted to
coastal 16km squares (see methods)
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Appendix3b  Confidenceintervals around population estimats of Lesser Blaekacked Gullsn
constituent countriesof the UK and Ireland based on different levels of survey
coverage simulated by sampling from the Bird Atlas 200'dataand with sample
coverage weighted to coastal 4@®n squares (see methods)
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Appendix4a Medianpopulation estimatef Lesser Blaekacked Gullsn regions of the UK and
Ireland based on different levels of survey coverage simulated by sampling from the
Bird Atlas 20071 dataand with sample coverage weighted to urbanl@ squares
in the coastal strata
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Appendix 4 Median population estimatesof Lesser Blaekacked Gullsn constituent countries
of the UK and Ireland based on different levels of survey coverage simulated by

sampling from the Bird Atlas 204 dataand with sample coverage weighted to
coastal 16km squares
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Appendix &  Confidenceantervalsaround population estimatesf HerringGullsin regions of the
UK and Ireland based on different levels of survey coverage simulated by sampling
from the Brd Atlas 200711 dataand with sample coverage weighted to urban-10
km squares (see methods)
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