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Summary

The deployment of animdlorne tracking devices has revolutionised the study of animal
behaviour, providing the opportunity to understand aspdcasimalmovementphysiology

and ecology that were previously difficult to studuch advances have been particularly
important in the study of seabirds where the introduction of GPS tadgiagallowed
researchers to track the movement and behaviour of individuals while they ardaveezer,

it is widely recognized that the negatieffects associated with tag instrumentation on animal
behaviour cannot be completely avoided and needed to be considered when using tracking data.
For example, tagging an individual may lead to changes in its behaviour causing it to act
atypically, whid casts doubt upon any biological interpretation that arises from such data. In
order to design studies in which the effect of tagging on behaviour is minimized researchers
have typically sought to use the lightest tags availét#eearchers have ofteredsone of two
commonly encountered rukeg-thumb that 1) a tag should not exceed 5% of the body mass of
the tagged animal; or 2) a tag should not exceed 3% of the body mass of the tagged animal.
However, there is little evidence supporting these geneled and it has been recommended

that tagging studies provide some empirical examination of the potential effects of tagging

when possible.

Here, we investigate the effect of GRfgging on the behaviour of blatégged
kittiwakes,Rissa tridactyla that were tagged during the breeding season across multiple UK
colonies in the North Seas part ofthe RSPB FAME / STAR trackingroject which was
conductedrom 2010to 2015.The RSPB FAME STAR projectdeployedtwo different tag
types which we t ethamveighedcd@W bnd 4.B%6 ohtime dodyp rhassgpithe 6
average individuatespectively Note that by necessitywe restrict our comparison here to
birds tagged with devices of different weights eaittihan to a control group of untagged hirds
To assess potential tag effedtgingthe FAME / STAR projectwe focussed upon a range of
measures including: 1) change in body mass during deployment 73 individuals)and 2)
trip summary measures suchtg duration, maximum distance travelled from the colony and

total distance travelled per foraging t(p= 290 individuals)

AcrosgenNorth Se&ittiwake coloniestracked during FAMEwe found little evidence
that tag type influenced change in body mass during deployiHemtever tag type was
associated with changes in trip duratioa a two-way interaction between tag type and body

mass at deployment. For heavier birds tagged withlaegags trip duration wagound to



increase; however, for heavier birds tagged with ligtg trip duration wagoundto decrease.

The 95% CRI of this interaction spanned zero, but it was included within the top weighted
model.The firstforagingtrip posttagging was longer than subsequent foraging trips, although
this did not vary by tag type / mass may have been due to the stress associated with capture
and handling rather than a direct effect of tage Similar results were reported for both
maximum distance travelled from the colony and total distance travelled during a foraging trip

both of whichwerepositively correlated with trip duration.

As well asthe RSPB® §AME / STAR tracking project an adtibnal RSB tracking
projectcalledSeabirds and WindS@W) was conducted on birds from two kittiwake colonies
in North Yorkshire in 201.7Birds from these colonies were also tagged as part of the RSPBs
earlier FAME/ STAR study, although a differeset d individuals were tagged i@achstudy:.
The GPS tags used during the SaW study weighed only 2.5%ewdge kittiwake body mass
and wer e tleirgdagdfor dirdsxat theeawo North Yorkshire coloniestudiedwe
comparedhe behaviour of birds fitted with tags that vary in mass from regular, (liged
duringtheFAME / STAR projec} to extralight tags(used duringhe SaWprojec). To do so,
we focussed upon the following measures of behaviour: 1) trip summary me@sar&$s
individuals) 2) colony attendancé = 79 individuals)and 3) inflight activity (n = 106
individuals) As before, we examined the behaviour of birds carry tags of different weights and
not to a control group of untagged birds.

Wefound no difference in maximum distance travefledn the colonyor total distance
travelledduring a foraging tripetween birds fitted with the different tag types across two
North Yorkshire colonies. Trip duration was greater, on average, in biets\fiith regular or
light tags during FAME STARthan that in birds tagged with exfight tags during the Saw
project but only if waised90% credible interval We also observed much greater variation in
trip summary measurasithin birds tagged with>dra-light tags during the Saw project and
the most extreme foraging trip lengths wegeordedduring the SaWproject. There was no
difference in colony attendance patterns across bird fitted with either regular, light er extra
light tags. However, birdthat were tagged with extteht tags during the SaW project spent
less time iAflight throughout each dalyght period (daylight, civil twilight, nautical twilight,
astronomical twilight) than birds tagged with regular or light tags during the FASTAR

project.



Overall, the evidence of tag effects from comparison of the behaviour of birds tagged
in Yorkshire during the FAME STAR and SaWprojectswas inconclusive and there were
multiple confoundingfactors thaimade ouresultsdifficult to interpret Firstly, the years in
which the FAME / STAR (20107 2015) and SaW (201projectswere conducted did not
overlap and the behaviour of seabirds is known to vary across $eaondly, the distribution
of birds tagged during FAMESTAR and SaW differed, which may also influence aspects of
bird6s bherdlyawhilesame effort was made to restrict the FAMETAR and SawW
datasets to cover similar seasonal periods, temporal overlap in the tracking periods was not
exact Such poblems arose because the FAMETAR and SaW studies were designed
independently and were not desigrsggetcificallyto address the issue of tag effeatsbody

mass and foraging behaviour

Consideration of tag effects on animal behaviour is a d#ycal and scientific
consideration for animal tracking studies. However, assessment of tag effects is not easy and
requires a carefully considered study design. In many cases, because analysis of tag effects is
not the primary focus of research the stuli3sign is not optimized for this purpoSéhe
analysis of tag effects in kittiwakes presented here provides some evidence of tag effects on
foraging trip duration and tflight activity but the existence of various confounding factors
prevents a clear iatpretation of the results. Consequentiy RSPB s investigating how it
can improve the design and reporting of tracking studies infuthee to enhance our

understanding of tag effects.

Introduction

The biologging revolution, with the use srhall, lightweight devicesr tagsto record spatial

and physiological parameters of animals, has increased our understanding of the natural world
(Kays et al.2015).Here, the term tag is used to refer to a raofgieio-loggers such as GPS

units, geolocairs, accelerometer etc. that record data while attached to an amnmetent

years, the use of bimggers to track seabird movement has become increasing common and
provided remarkable insights into seabird foraging (Badtey} 2014 Cleasby et al.@19 and
physiology (Bishopet al 2015. However, nany animaltracking studies fail to adequately
assess the presence or magnitude of any negative effects that tagging may have (e.g. on
behaviour, physiology, breeding success or survival), despgenaral awareness of the
potential issue (Barron et al. 2010; Vandenabeele et al, B¥eh et al. 20)9Several recent



papers specifically address the issue of tag effects in seabirdSl{egrs et al. 208; Thaxter

et al. 2016; Schacter & Jones 20Kudrten et al. 2019) and a 20inetaanalysis across avian
bio-logging studies found small but significant negative effects of tagging on survival,
reproduction and parental care, as well as tagging being associated with longer foraging trip
durations (Bdey et al. 208). In addition,tag effectsappeared tdoe cumulativesuch that
negative effects of tagging upon one tradgre likely tobe associatedith negative effects in

other traits(Bodey et al. 2018)There is thereforavell-establishedevidencethat tagging is

likely to have negative effects across many species thangliveragehe magnitude of these
effectsappears tdoe small.Crucially, the presence of tag effedias implications for how we
analyse seabird tracking datasets as well as how we interprebemmdunicatehe results of

such analyses

In order to alleviate the potential effects of tagging researchers have typically preferred
to use the lightest tags possible and rHafethumb, sich as the 5% or 3% proportion of body
mass that devices may not exceed, have becon
as to their broad applicability (Kenward 200¥jlson et al. 2002; @sper 2009; Barroet al.
2010).For example, the origiof the5% rule is unclear (though may originate from suggestions
in Brancer & Cochran(1969), has been criticised as essentially arbitrary (Caspar 2009) and is
not always use(Portugal & White 2018)The 3% rule appears to be extrapolated from a study
of albatrosses and petrels that investigated the correlation between tag mass and foraging trip
duration (Phillips et al. 2003, Caspar 2009). Howetee, high degree of betweatudy
heterogeneity in the magnitude of tag effatiservedn metaanalyses suggest extrapolating
findings across differergtudies may be risky (Bodey et al. 2018). For exanghtsgside tag
massseveral factors can affect the likelihood and extent of tag effects on birds, including (but
not limited to), the tiachment method (Koélzch et al. 2016), how streamlined a tag is
(Vandenabeele et al. 201%ay et al. 2019 the length of time a logger is deployed (Lamb et
al. 20T7), handling time and the time of year a bird is tagged (Bodey et al. 2018). The relative
importance of these factors is also likely to vary between species making it difficult to assess

the likelihood and magnitude of tag effects during study design.

Analysis of the extent of tag effects on birds is not trivial and requiregefully
consideed experimental manipulation in order to provide suitable contrasts between tagged
and untagged individual®uthier et al. 2013) Moreover, because a walesigned tagging
study should ensure that the potential effects of tags is minipdeégtting shtle tag effects

ondifficult-to-measurend highly variablgparameters (e.g. bird behaviour) can be diffiduilt



is also recommended that researchers focus upon more than one trait when assessing tag effects
(Bodey et al. 2018)However, in most studies tag effedteemselvesare not the primary
researchfocus andthereforeassessment gbotentialtag effects isoften conducted in a
rudimentary wayif at all. Indeed, Geen et al. (2019) report th&e6 of tagging studies
contained no information on potential tag effects and in many thereeporting of such
informationwas judgedinadequateln addition, omparisons between tagged and untagged

birds are intrinsically difficult becausge know much more about theebaviour of tagged

birds precisely because they have been tracRéerefore, one alternative is to compare the
behaviour of birds tagged with devices of different nassgside control, untagged bir@sg.

Ludynia et al. 2012)By doing so we caalsoassesshe effectiveness ofrules such agtags

must not exceed 3% of body mags alleviating the effects of tagging.

Data on seabird movement and behaviour underpin the environmental assessment of
potential offshore wind farm developmenthereforejt is crucial that the magnitude of any
effect of tagging of seabird behaviour is understood and minimfzéaltge amount of such
data has been collected fdackleggedkittiwakes using GPS tracking tags, ahdRSPB has
been responsible for the magyrof GPS tracking andata collectioron this speciem the UK
Here we examine thextent of tag effects in bladkgged kittiwakes tagged as part of the
RSPBs FAME / STARandR S P BSgabirds and WindS@W) project. The FAME/ STAR
project was a largsecale project that tracked the movements of several seabird species from
multiple colonies throughout the UK in order to construct biseale species distribution
models and highlight key foraging arddmtspot{Wakefield et al. 207, Cleasby et al. 20).

The SaW projectvas designed to map the distribution of birds originating from two North
Yorkshirekittiwake colonies at Filey anBlamboroughThe FAME/ STARand SaW projects

used tags that differed in mamsdattachment methoand were deployed for different lengths

of time(Tablel & 2). While a range of different species was tagged during the FAMEAR

project we focus on analysing tag effects in kittiwvakes because tag mass was a greater
percentage of bodgnass in this species than in the other species tagged and exceeded 3%
during the FAME STAR study but was under 3% during the later SaW stAdyaresult we

can compare the behaviour of kittiwakes fitted with tags either side of the 3% of body mass
rule-of-thumb.Moreover, data from the SaW project was restricted to kittiwakes Dahyng

the FAME/ STAR project kittiwake colonies from outside the North Sea were also tracked,
however much of th&SPEs windfarm casework concerns the North $e&ad the W data

comes from North Sea colonjdgence our focus on this region heree FAME/ STARand



SaW studies were designed to address differenservatiorquestions and therefore diverge
in certain aspects of their methodology. Taldland 2provide a summary of the study design
for each projecand Figure 1 shows the locations of colonies included in each of the respective

studies

In the current work we lack a true control group of untagged brdgherthe FAME
/ STAR or SaWstudyand nstead focus upon comparing the behaviour of birds tagged with
GPS units that differed in magss well as attachment method and locatibaringthe FAME
| STARprojecttwo differentlgotU GPS units were used 06 r egptl) Weaghirdy 17.4 grams
and a lgétU weighingd@5 gramgTable 1) In addition, birds tagged during the Saw
projectwere tagged with University of Amsterdam tagsighing 8.9 gramsincluding the
superglue used for attachmehhe extralight tags uploadd data to a receiver at the colony,
so these birds were nalivaysrecaptured, and hence there are no data available on mass change
for these individualsTo assess the presence and magnitude of tag effects we model the effect
of tag mass on the followgnvariables1) the change in body mass of an individual bird from
the time a GPS tag was deployed until the time that GPS unit was retfieMédE / STAR
project only) 2) summay measures of foraging trips suchtlas duration of individual foraging
trips as well as the total distance travelled and the maximum distance from the colony attained
during each foraging trip; 3) the percentage of time spent at the colonyatrskd)oehaviour
Changes in body masswasll as changes isummarized trip measures and colony attendance
are commonly used to assess tag effddtsron et al. 2010, Bodey et al. B)1In general,
heavier tags would be expected to result in reductions in body infsaging ability is
impaired However, recent met@nalyses suggest that effects of tagging on body mass may be
very small(Bodey et al. 208). Predicting how tagging will affect measures such as trip
duration, colony attendance andsatn behaviour is more difficult as both inces and
decreases in these variables could be interpreted as tag effects. For example, an increase in trip
duration in birds carrying heavier tags may interpreted as birds having to spend more time away
from the colony trying to find food. Alternatively,edreases in trip duration could be
interpreted as birds making shorter trips to offset the increased energetic cost associated with

carrying a tadsee alsovVandenabeele et al. 2014)



Table 1. Summary of the RSPB FAMESTAR and SaW tagging studies.

Study | Years of Study Tag Types Time Period When Tag| Length of Time| Method of Tag
Attached Tags Deployed| Attachment
FAME/ 20107 2015 IgotU Regular 40 Junei 12" July Median: 2 days| Tags affixed to
STAR (17.4+0.07 (SE) g) (range: 1 day dorsal feathers
(late incubation early 9 days) using adhesive
IgotU Light chick rearing) tape
(15.0+0.18 g)
saw 2017

University of

Amsterdam (8.99)

19" Junei 18" July

(early chickrearingi

late chick rearing)

Median: 5 days
(range: 1 day
28 days)

Tags glued to
back of bird




Table 2. Sample size breakdown of biralacked,and tags deployed at ealdbrth Sea
kittiwake colonytrackedduring the FAME STAR and SaW projects.

Colony Years Tracked Sample Size Study
Bempton FAME: 2010- 2015 FAME - Regular Tags63 FAME
Saw: 2017 Light Tags: 15
Flamborough Saw: 2017 SaW: Extra Light Tags 13 Saw
Bullers of Buchan 2012 Regular Tagsb FAME
Coquet Island 20117 2012 Regular Tags28 FAME
Fair Isle 20112012, 2014 Regular Tags: 3 FAME
Light Tags: 2
Filey FAME: 2013- 2015 FAME - Regular Tags18 FAME and Saw
Saw: 2017 Light Tags: 26
SaW:Extra Light Tagst
Fowlsheugh 2012 Regular Tagsl5 FAME
Orkney: Copinsay 2010- 2012, 2014 Regular Tags: 11 FAME
Light Tags: 13
Orkney: Muckle Skerry| 2010- 2014 Regular Tags: 16 FAME
Light Tags: 24
St Abbs 2012 Regular Tags: 8 FAME
Light Tags: 6
Whinnyfold 2012 Regular Tags: 8 FAME

Light Tags: 12




Fig. 1.Location ofNorth Se&k i t t i wa k e
STAR and SaW project€olony names also displayed. Note FAME / STAR data refeas to
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colony at Bempton whereas SaW refers to a colony at Flamborough which are found along
the same stretch of coastline.
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Methods

2.1 Tag attachment and removal

FAME / STAR project

GPStags (IgotU GT200) were supplied by Mobile Action Technologies and shipped with a
standard batterfor use in the FAME STAR project Prior to deployment tags were removed
from the manuf act ur and 8esledrini agength op Hestrmk plastic h o u s i
tubingto make tags moraerodynamicThe mean« SE) mass of a sample of 16@gulab

tags was 17.4 0.07 (SE) g, which represented approximateh?@ of body mass of the
kittiwakes on which they were deployelbhe standard batteries were reradvrom a further

sample of tags and replaced with a lower capacity, lighter battery and sealed-shrivdat

plastic tubing. The mean of a sample ofdéghtétags was 15.8 0.18 g, representing c. 4.2%

of body mass of the individuals on which they avdeployed

Kittiwakes were trapped on nesting ledges at the breeding colony using a noose pole
and marked with individually numbered rings. The stage of breeding and nest contents were
noted. The stage of development of any chicks were assessed following Walqi 35
Kittiwakes were weighed using a spring balance (g) prior to tag deployment. Tags were affixed
to the dorsal feathers wusing smal/l strips
handling was 8 minsH{SE 16 secs). Birds weredteapped aftel i 9 days, the tags removed
and birds reweighed. Faonostbirds, wing length (flattened maximum chord, cm) and total

head and bill (mm) were measured before tag deployardntlowing tag retrieval.

Seabirds and Wind (SaW)project

Kittiwakes were trapped at two colonies at North Yorkshire (Flamborough and Filey) during

the chick rearing period. Adults were caught using a 12 metre landing net pole with an attached
snare that was mo v Eapped birdsrwere Wweighetd and dngesh ah e a d .
combination of metal rings and colecoded darvic rings. Birds were tagged with University

of Amsterdam (UvA) BITS GPS tags equipped with solar pakBlé. tags allow for remote
downloads therefore +igapping birds to obtain tracking data was reajuired. UvA tags were
attached by first trimming back feathers on the birds back and then supergluing the tag to the
tri mmed area. To increase the tagds surface

the bottom of the tag prior to tags bemtached to a bird. UvA GPS tags weighed 8.9 grams
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including the superglue used for attachment. More information on the tagging conducted as

part of the SaW project can be found in Wischnewski et al. (2017).
2.2. Change in Body Mass (FAME/STAR birds only)

Our analysis of change in body mass is restricted to data collected during the/FSNWAR
project (and therefore a comparison of the regular and light IgotU tags only). Mass change data
was not available for the SaW project because this project usederdmenload GPS and
therefore retrieval of tags was not essential for collection of tracking Tataxamine the
effect of tag typeon body mass we calculated the change in body mass between measurements
taken from an individual prior to by fitted witha GPS logger and the measure of body mass
from the sameéndividual when the logger was subsequently retriew@adange in body mass
was analysed using a Bayesian modelling approach(i ®ore Team, 20)%ia Stan(Stan
Development Team 20)8nd the brm& packagéBurkner2017. When using brms wesed

a normalprior with mean 0 and standard deviation of 5Stfoe fixed effect parameters in our
models and half Cauchy priors for the standard deviation of model random séfewtgh a
mean of 0 and a s@eparameter of.5As predictor variables we included tag type, deployment
durationin days body mass at deploymenying length,Julian date at the start of a foraging
trip andage ofa n i n d ichicks¢classitied & younger or oldehicks. The inclusion of

a variable fowing length alloved us to control for differences in body size when assessing
effects. Likewise, variables for Julian dated @e of chicks allows us to control for temporal
variation in foraging behaviour that arise as the breeding season progresséso éémsidered

all two-wayinteractions involving either tag type or deployment duration as these were the two
variables most directly related to potential tag effdatsduding two-way interactions allows

us to examinavhether the effect of tag type on body masshadified by another of our
predictor variablesAll continuous variables were standardized prior to running models.
Standardzation involves mean centring the variabled scaling by its standard deviation and
converts the original units to units of standard deviatfoo® the mearand was done to aid
interpretability and speed up model run time (Schielzeth 2@&Wve had repeated measures

of change in bodynassfrom individuals originating fronthe same siteye controlled for the
potential risk of pseudeeplication byincluding arandom effect focolony. Initially, we also
included a random effect for yeagwever this led to problems with model convergence which
may havearose becauseertain colonies were only tracked in one year making it difficult to
separate the influence of year from colony identiggnce a random effect term for year was

not included

11



The various combinations of variables that wedussuledin many possible different
models. To seledhe best fitting models, adel selection for the fixed effects was conducted
using leaveoneout (LOO) cross validation to score and weight modeghe R package loo
(Vehtari et al. 2019)The loo packageses a Bayesian weighting system that is conceptually
similar to AlG-based model averaging orderto rank models anthen generate model
averaged coefficient®ayesian model averaging (BMA) pides a coherent mechanism for
accounting for this model uncertainty when deriving parameter essihatearginalizing over
models to derive posterior densities on model parameters that account for model uncertainty.
Specifically, loo uses Pareto smoothedportance samplingo compute leaveneout
posterior distributions to generate Bayesian stacking weights for models (Yao et al(2@18).
of the benefits of stacking is that it manages well if there are many similar models because
stacking optimizes nael weightgointly, allowing for similar models to share their weight
while more unique models keep their original weiglscause we use a weighted model
averaging approachkve present a list of model weights for the top modakdstifiedalongside

a tble of modelaveraged coefficients.

2.3. Comparison of Trip Summary Metrics

To examine the effect different tags (regular, light (FAMETAR) or extra light (SawW)had
upon foraging trip metrics we performad analysi®f tag effecton two different datasets
The firstdataset used datallected solely during the FAMESTAR projectandwas designed
to examine whether fitting birds with regular or light tags influenced trip summatsics
The secondatasetvasrestricted to kittivakes tagged in Yorkshiand incorporated data from
both the FAME/ STAR and SaW projectand therefore alloed us to examine the effect of
the extralight tags used in the SaW studlpngside the tags used duritng FAME / STAR
project Data from Yorkslire were further subsetteaghen comparing birds in the FAME
STAR and SaW projectto ensure thathe dates ofracking periods roughly aligned across
each year of the study (g & 3). However, vhen comparing FAME STAR and SaW data
it should beborne in mind that the projects were not conducted within the samanabairds

did not visit the exact same areas (Figs 4 & 5)

The foraging trip metrics we fossed upon were trip duration (hrs), total distance
travelledduring a foraging trigkm) ard maximum distance from the colodyring a foraging
trip (km). Trips were defined using R code developed as part of the IBA modelling script

Lascelles et al. (2@) which require both a timend distance buffer to segment GPS data into

12



separatérips. Here, we useidbound and outbounguffers of 1 km andninimum trip time of

30 minutes to define trips.

Each ofthe different trip metrics described were modelled agragsformed response
variables using a Bayesian modelling approach in R via Stabrams{see above)As predictor
variables we included tag type, deployment durasibthe time a given foraging trip began
bird mass at deploymentjing length startdateof theforaging trip(asJulian date)whether a
trip was the firstrip posttagging or natage of chicks (classified as younger or oldeq the
hour of the day at which the foraging trip bedgad h o ur o f. Welatsp @mnsidared all6 )
two-way interactions involving tag/pe or deployment duration. All continuous variables were
standardized prior to running models. As random effects we inchidédlentity (based on
an individual 6 snd®®Bnpwhen nodelling datakfrent the FAMESTAR
project Initially, we also included year as another random effect,tbunmodels failed to
converge, which magrise because differenblonies were tracked in different yeakd/hen
modelling data from colonies Yorkshire to compare FAME STAR and SaWdatawe
includedarandom effect for bird identity. The random effect éotonywas removed in this
instance as data was collected from ohlgécolonies. Moreover, due to a lack of overlap in
colonies inthe treatmentghey receivedbirds at Flamborough were tagged with exight
tags only whereas birds from Bempton were tagged with regular or light tags only) we did not
include colony as a fixed effeé¢tinally, we also examined whether the residual vaean our
models should be estimated separdimgach research projg&tAME / STARor SaW)when
analysis was conducted on the combiR&ME / STARand SaWdatasess initial plots of the
raw data suggested a higher level of variability in the SaW d4@estsby et al. 2011)

2.4. Colony Attendance

Analysis of whether colony attendance varied with tag type was based on birds tracked from
colonies within YorkshirgFiley, Flamborough and Bempton) using either Amsterdam tags
(SaWw data) or IgotUs (FAMESTARdata). Information from other colonies was excluded as
birds were only tagge@t the remaining coloniess part of the FAME STAR project The
proportion of time birds spent at the colony was assessed over a set time period beginning when
birds departed on their second foraging trip after tag deployment and ending when birds
returned to the colony on their final foraging trip before tagenal. Consequently, only birds

that made at least three foraging trips were included in the analysis. The period of time at the
colony prior to the second foraging trip was discarded as this could be influsnteel time

of day at which different indiduals were taggedimilarly, time spent at the colony after the
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final foraging trip but before tag retrieval was expected to be influenced by the exact time of
day when tags were retriakelThe proportion of time spent at the colony was modelled using

a binomial model with a twaolumn response variable which comprised: 1) the number of

seconds a bird spent at the colony over the time period specified, and 2) the number of seconds

a bird spent away from the colony over the time period specified. Secandused as the

unit of time aghey were recorded as integers aedmitted the use of a binomial model. As a
predictor in our model of the proportion of time spent at the colony, we included tag type as
well as a random effect for individual identity/e did not include a term for year this model

due to the lack of overlap between the years in which the FAMEAR and the SaW projects

(and hence the tag types used) were conducted.

2.5. At-sea behaviour

The analysis oat-sea behavious based upon Kiwake tracking data solely from colonies in
Yorkshire (Filey, Flamborough and Bempton) using either Amsterdam tags (SaW data) or
lgotUs (FAME data). Due to differences in the timing and length of tag deployment&)Fig.
dataweresubsettedo fall with the region of the ¥8June to % July across yeaysrior to any
analysigFig. 3) to ensure that comparisons of flight activity were based on data from the same
calendamperiod.Raw tracking data had to be processed via multiple steps in ordeate er

dataset in whiclat-sea behaviourould be assessed which are detailed below.

2.5.1. Behaviour categorisation
Expectatioamaximization binary clusterinfEMbC, Garriga et al. 2016yvas used to split

trackingdatawhen birds were at s@ato 5 behaviour categories: commuting, foraging, resting,
searching and unknowar each foraging tripA simpler binary classification was then created
that denoted whether a bird wasflight (commuting, searching, foragingnkrown) or not
(resting) when a bird was out at stite that we assumed unknown behaviour is classed as
flight rather than noiflight. However, as unknown behaviours occurred infrequently such

classification has little weight on our results.

2.5.2. Resolution of tracking data
The resolution of tracking data differed between the FAME project (one fix every ~ 100

seconds) and the SaW project (one fix every ~ 600 secdridgefore, ve examinedvhether
the classification into different behaviour catege was influenced by the resolution of the
data. Overall, there were slight differences in the proportion of time spent in different

behaviours (~2.4% reduction in the proportion of time spent in flight in thedswlution

dataset). However, when fous ng purely upon at sea behavi
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data) the proportion of time spent in flight was almost identical. Therefore, we decided to set
both datasetat a 600 second resolution which involved subsampling the higher resolution
FAME dag.

2.5.3. Time of day categorisation
When assessing the potential impacts of windfarms, deihitee level offlight activity

throughout the day form an important component of collision risk models. Therefore, we
sought to examine how tag type would affect estimates of flight activity during different
periods of the dayTime of day was categorised based on sun position datatifees of
sunrise, sunset etc.) provided by the R package sufidaturmel& Elmarhraouk019. The

suncalc package requires users to specify the date of interest together with a relevant longitude
and latitudeWe calculated sun positions for each Git$sition within our dataset and time of

day was classified as either dagyht, civil twilight, nautical twilight, astronomical twilight or

night as per Figuré. However, in practice we never observed true night in our d4tesdiad
sampled colonies atortherly latitudes during high summehus astronomical twilight was
denoted as the period between nautical dusk and the following nautical dawn.

2.5.4. Modelling the proportion of time in flight
To examine the relationship between the proportion of time spdhghih and tag type we

used the R package MCMCglmm (Hadfield 2010) toabinomial mixed model in which the
response variable was a t@olumn matrix in which one column denoted the nandf fixes
classified as ifflight and column two denoted fixes classified as ndtight. Each row of the
dataset referred to the number of fixes observed for a given individual within a certain daylight
category. Individual identity was included asaadom effectThe resulting model allowed us

to estimate the proportion of time spenflight for each day light category in both the FAME

/ STAR and SaW datasetslowever, b achieve thiswe aggregated data frothe FAME /
STAR project combining dateon both regular and light tag typé&causemodels with
additionalserateterms for regular and light tags across the FAMET AR study failed to
converge As with models of colony attendance, we did not include a term for year in this
model due to the lack of overlap between the years in which the FAMRAR and the SawW

projects were conducted.
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Fig. 2. Temporal coverage of different tracking datasetgdar. FAME/ STAR data
collected 201015 (solid lines)and SaW datédashedfrom 2017 only. Period covered by
tracking displayed as a solid line in the relevant year.
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Fig. 3. Temporal coverage of the SaW and FAME datasdth day of the year given as
Julian day The data selected for analysis is that which falls within red lindsJigei 5"

July).
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Latitude

Fig. 4. Utilisation distributions (UD) oblacklegged kittiwakes tracked at Filey during the SaW project (2017) (a) or the FAME project (2010
15) (b). The names of selected UK fishing grounds are also displayed. UDs calculated using Brownian Bridges (see Appendix).
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Fig. 5. Utilisation distributions (UD) of blackegged kittiwakes tracked at Bempton / Flamborough during the SaW project (2017) (a) or the
FAME project (201€2015) (b). The names of selected UK fishing grounds are also displayed. UDs calculated using Brodgén (8ze
Appendix).

(a)Flamborouglg Saw data (b) Bemptong FAME
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