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ABSTRACT: Individual specialisations in animals are importanitributors to a wide range
of ecological and evolutionary processes, and have gm¢inularly documented in relation
to multiple aspects of foraging behaviours. Central-placagers, such as seabirds,
frequently exhibit pronounced specialisations and individifidrences in a variety of
foraging traits. In particular, the availability of festies discards alongside natural prey

resources provides additional potential for differentiatiod specialisation for
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opportunistically scavenging seabird species. However aingequences of such
specialisations for at-sea distributions and intraspeaifgzactions are not well known. Here,
we investigated the links between the degree of dietaryadigation on natural or discaed
prey and the foraging movements and spatial occupancyribieno gannets Morus bassanus
in relation to differing intraspecific competition at daaes of differing sizes. We found
that, at most colonies, individuals with different digtstrategies concentrated foraging at
differing levels of intraspecific competition. In additiangividuals pursuing different
strategies were frequently, but not consistently, spasalbarated, distinctions that were
most acutely seen in females. However, this variatiandividual strategy had no significant
impact on current body condition. These analyses demonbktratéoraging-associated
metrics need not covary within an unconstrained systesy @lso reveal that specialisation
can have important consequences for the competitimmesgndividuals experience,

highlighting the complexity of examining interacting conseqesrat large spatial scales.

KEY WORDS: Fisheries - Foraging - GPS- Individual specialisation Stable isotope
analysis Seabird

INTRODUCTION

Individual variation among animals is increasingly iderdiféeross a broad range of
traits, and is key to understanding a range of ecolgggalutionary and applied issues (Van
Valen 1965 Araujo et al. 201,1Wennersten & Forsman 2012). While examining variation at
broader levels of classification, for example sea@e classes, can reveal relevant
distinctions, significant variation is often left unexipled by such analyses, particularly in
population-level generalists (Bearhop et al. 20040jo et al. 2011). Individual-level
investigation can then be informative in explaining addél variation as, in many cases,
organism responses, and their extent of specialisatiossaa range of attributes, differ
among individuals (Bolnick et al. 2008raujo et al. 2011). Indeed, such variation among
individuals frequently exceeds that within any one individumal, by spanning time or
contexts, can result in long-term consistencidsetiavioural syndromes (Dall et al. 2012
Sih et al. 201p

Such specialisations have been shown to be theoreticdllgxgerimentally
produced by increasing levels of competition (Svanback &iBlkl2005 2007, Bolnick et al.
2010), with inter-individual differences significant in redwugievels of competition among
conspecifics (Durell 20Q®Bvanbéack & Bolnick 2007Araujo et al. 201,1Tinker et al. 2012
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Machovsky-Capuska et al. 2016a). Here, competitive infierectan affect individual prey
choice preferences, producing differentiation betweerwvithaals within a single locality,

and increasing the overall population niche width (SvanbaBlolRick 2007 Araujo et al.
20171 Ingram et al. 2011). These results typically rely on ifigng whole food items, but
there is also the potential for individuals to furthercsplese from a nutritional perspective
through the selection of nutritionally complementaryygiEait et al. 2014Machovsky-
Capuska et al. 2016a,b). Regardless of the level of satigcpersistent differences in prey
consumption among individuals can then lead to the estaidint of dietary specialisations
(Sih et al. 2012). Divergence in strategies can also dboomgh the movement of
individuals displaced from areas of high competitive gues Such movements may lead to
the discovery of different prey fields or foraging eoniments, with specialisations
establishing among individuals in terms of their responsat@onmental cues and area
occupancy across space or time (Bodey et al. ,204uick et al. 201AVakefield et al.

2015). Thus, there are potential adaptive advantages tolga¢wa in many situations
(Bolnick et al. 201 1Dall et al. 2012Machovsky-Capuska et al. 2016b), but the links
between competitive and environmental influences, and hee gtepe the consequences of

specialisation, remain poorly understood.

Colonially breeding marine vertebrates (e.g. seabirds imnippds) are excellent test
subjects for hypotheses about the consequences of indigk@hlisations, particularly
with respect to foraging behaviours such as travel andse@yghing (Ceia & Ramos 2015).
The constraints of colonial breeding produce intraspecifiopetition for prey among colony
members (Lewis et al. 200¥illegas-Amtmann et al. 2013), and the presence of
neighbouring colonies can also constrain foraging oppiigarfWakefield et al. 2013
2017. Such conditions can favour individual tactics thaue competition with
conspecifics, and this may be more keenly seen in lardmmies where higher densities of
individuals can produce stronger competitive effects (Tieked. 2012Ceia & Ramos 2015
Kernaléguen et al. 2015). The consequences of specialigasoich central-place foragers
may thus be seen either through sympatric differentiaiomeasures including colony niche
width (Aradjo et al. 201,1Bolnick et al. 2011), or through changes in spatial distiolouti
These differences in occupancy can be generated througkdddierate choice and
competitive exclusion. For example, juvenile red knotkdtia canutus are forced to forage
for longerdurations and in more dangerous localities, through direct conngeetitterference

by adults (van den Hout et al. 2014). Alternatively, diffeferdging specialisations,
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including maintaining a generalist strategy, can representlgguacessful approaches for
avoiding interference in what are, amongst marine preslatien scramble competition
situations (Woo et al. 2008lachovsky-Capuska et al. 2016a). Importantly, the extent to
which an individual pursues any specialist or generalistegfyatan have a broad range of
consequences. This is clearly seen in the exploitatiolew foraging opportunities such as
fisheries discards. Despite being novel from an evolutioparspective, a number of seabird
species now routinely exploit such anthropogenic resogéeset al. 1996Bartumeus et al.
2010 Wagner & Boersma 201 Bicknell et al. 2013Bodey et al. 2014Patrick et al. 2015
Pirotta et al. 2018), and speciatisa on discards can dramatically affect an individual’s
long-term fitness, either directly through changeadult body condition or mortality, or
indirectly through effects on timing of reproduction or chsckvival (Grémillet et al. 2008
Bicknell et al. 2018

Here, we examined the consequences of specialism in forstgatggies at multiple
colonies of the northern gannet Morus bassanus (hereafieetya\We combined
information from GPS loggers with stable isotope analy&li8)(of blood samples from
individuals from 6 colonies spanning more than one order ghitale in size (~2000 to60
000 pairs) in differing oceanographic environments. We hypotbégizat (1) different
dietary specialisations, in terms of specific prey ggeconsumed, will explain variation in
foraging movement metrics because different preyikeg/lto be associated with different
environmental cues (Scales et al. 20Qkasby et al. 2015&Vakefield et al. 2015), and X2
individuals pursuing different foraging strategies will berendivergent in space use at larger
colonies as a result of the increased competitive prespresent (Lewis et al. 2001
Wakefield et al. 2013). We also explored the consequarickfferent foraging strategies for
seasonal measures of individual fitness (body comdéimd breeding performance).
Anthropogenic resources have been suggested to be nutritioretigr to naturally foraged
prey (Annett &Pierotti 1999 Grémillet et al. 2008Votier et al. 2010Tait et al. 2014
MachovskyECapuska et al. 2016a). We therefore hypothesised that (8jdodis that
incorporate high proportions of discards (anthropogeniairess) in their diets will have

poorer body condition than those that specialise on rigtarailable prey.

MATERIALSAND METHODS

Field data collection
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Gannets were captured, and then recaptured for device remevaltptal of 2
captures ind?), at 6 island colonies over 38 d from late June to eartyust 2011, ensuring
overlapping of tracking and sampling at all colonies (sd®eTh). Chick-rearing adults
(chicks>2 wk post-hatching [range-Z wk], identified from Nelson 2001) were caught at the
nest during parental changeover using a brass noose orcesrdb& end of a carbon fibre
pole. Passive GPS loggers (30 g; i-gotu GT200e; MobileAction Tedyjatw GPSadio
frequency loggers (45 g; e-obs) were deployed, depending @mycatcessibility. All
devices were attached to the base of the central tdikfesatising TeSatape, as used in
previous studies at many of these colonies (Votier et al., ZtlgéAsbyet al. 2015a), and
acquired locations everyrin. Birds with passive loggers were recaptured using the same
methodology approximately 12 d later (mean time over whiph tere recorded: 11.5 d
range 415 ¢ see Table 1) for device removal. A small blood sample-{02ml) was taken
from the tarsal vein from most individuals during botptoge and recapture, for sexing and
SIA. Blood samples were kept in a cooler{) until undergoing centrifugation to separate
red blood cells (RBC) from plasma. Separated samplestivenekept at-20°C until being
dried and homogenised for analysis. Diet samples werealleated from all colonies
through opportunistic collection of spontaneous regurgitiatem both handled birds and
other breeding individuals disturbed during the capture psodé®se were necessarily
limited in number by our focus on capturing departing adultsthiose that had already fed
and brooded their chick, often for many hours, and typid¢elty empty stomachs, and by our
ethical decision to not unduly disturb other birds at eaangoPrey items were identified to
the lowest possible taxon and then stored2@°C until undergoing lipid extraction prior to

isotopic analysissee ESNL.

Determination of dietary specialisations

Dietary specialisations were identified using Bayesiablstaotope mixing models
fitted in the SIAR package (Parnell et al. 2010) to assigpgstions of different prey species
in the diets of individuals. This involved analysing thaapic ratios 06'°N and&*3C for
RBC from initial capture of individuals to determine thegaions of different food sources
consumed, reflecting diet over approximately the previooistm(Hobson & Clark 1992).
Data from 149 individuals, comprising birds where GPS devices athesuccessfully and
unsuccessfully retrieved, were included, with lipid-exedgrey samples from the specific

colony of the individual in question used as sources becalsey foraging areas are largely
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discrete (Wakefield et al. 2013). Using these estimatetzrg components, individuals
were then classified as specialists if they met 2 a pergaria: (1) the modal prey item
estimate for an individual must bd SD above the average of all birds sampled at that
colony; and(2) the preytiem in question must comprise >30% of the individual’s total diet.
These criteria together accounted for both variatioesource availability across colonies,
and dietary importance in a species with a broad fogacapability (Nelson 20QHamer et
al. 2007), although they do not consider variation in the nutaticomposition of prey that
may add additional subtlety (Machovsky-Capuska et al. 20 Sgl@cialists were further
categorised as either forage fish specialists (e.g. omrsuof mackerel Scomber scomBrus
or those that specialised on demersal discards (whitskghESM). Individuals with diets
that did not meet these criteria were classed as generalist

GPS data processing and movement metrics

Only complete foraging trips were included in analyses @fgimg behaviour. In
addition, all locations within 1 km of the colony wereadet! as individuals only use these
areas for bathing and rafting (Carter et al. 2016). Thredanassessing different
components of foraging behaviour were calculated frorh ewtividual trip: (1) total trip
length (km), reflecting effort expende@) angle of departure (the average over the first 5
bearings >1 km from the colony, degrees), reflecting xtenéto which an individual uses
past knowledge; an8) maximum distance from the colony (km), combining energy
expended with both personal and public information use. lii@ddfor each GPS location
Lo, speed (between 1and lo) and tortuosity (the degree to which the tracked animal’s path
diverges from a straight line between Bnd Lp) were determined. Putative foraging
locations were then identified based on these paranstatsscribed in Wakefield et al.
(2013). Colony-specific utilisation distributions (UDs) werentlestimated to enable
investigation of the levels of intraspecific competitliely to be experienced by gannets
foraging in different locations (seblabitatselection’ below). The colony mean kernel
density (KD) for all putative foraging locations was cédted based on a 2 km Lambert
azimuthal equal-area grid using the R packagehabitatHR(Calenge 2007). Individuals
were tracked for different lengths of time, so the KD wsigr&ted for each individual with

the smoothing parameter h estimated by least-squares alation. The mean smoothing

parameterﬁ was then used to estimate the KD for eachduél, and this was averaged



188 across individuals within colonies. UDs were then catedldor the 95, 75, 50 and 25%

189 levels at each colony.

190 Consequences of foraging strategies
191 Links between dietary specialisations and movement metrics
192 We used 3 generalised linear mixed models (GLMMSs), one fdr e@vement

193 metric, to examine whether the identified foraging strategignificantly influenced foraging
194 metrics. These models included sex and colony as fixedg®#&aown to influence foraging
195 behaviours (Stauss et al. 20Q2easby et al. 2015a) as well as the random effect of

196 individual. We examined whether there was an additionatedf dietary specialisation (n =
197 88 ind. spanning all colonies with full data required). Modelseweempared using an

198 information theoretical approach, with the model wiité lowestAkaike’s information

199 criterion for small samples (Al score regarded as the top model. However, in instances
200 where the top model included an extra term that did not inepifteer model AlG score by

201  more than 2 units, the most parsimonious model was albbighited, as such additional

202 terms can be regarded as uninformative (Arnold 2010). Goodfidissvas assessed using
203 the likelihood-ratio based pseudd{Rlakagawa & Schielzeth 20).3

204 Habitat selection

205 We used habitat selection functions (HSFs) to model tlagifog range usage by

206  birds within each of the 3 dietary categories as a fumatidhe level of competition

207 experienced. HSFs compare spatial locations that are ssadused-but-available, adopting
208 a logistic regression based approach with a case-calas@gn (Aarts et al. 2008). This

209 generates a binomial response that takes the value Eférdata point if it belongs to the
210 data set of putative foraging locations, or the valuet#longs to the control data set. The
211 control data set consisted of 5 pseudo-absences seleaiedbanvithin the 95% UD of

212 each colony matched to each observed foraging location.

213 To estimate the level of competition experienced by ganmben foraging, we

214 calculated the density of individuals at each point &8, where ik is the estimated

215 absolute density of use of cell x (cell size = £xby birds from cologi, and N is the

216 number of breeding pairs at tHedolony (Wakefield et al. 2013). This approach incorporates

217 information on colony size and allows for adjustmenthiow bird density declines within a
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colony’s foraging range with increasing distance from the colony, and UDs thus calculated
match data from at-sea surveys (Cleasby et al. 2015&gidition, while we were not able to
include data on prey availability, as fish distributionsrayemeasured synoptically over the
scale with which we tracked gannets, individuals fromsgded these study colonies are
known to repeatedly cue in on stable oceanographic featurdeq8tal. 2014Cleasby et

al. 2015a). As the foraging ranges of some colonies pgrtiedirlapped, we summed the
spatial density estimates across grid squares at thres®fts (see Figs1in Supplement 1 at
www. int-res.com/articles/suppl/mXXXpXXX_supp.pdf). While small unkeset colonies
from which overlaps could not be calculated were locatiddmthe study area, these
colonies represent <5% of the total birds foraging actessittire area, so additional

competitive interactions will be minimal.

HSFs were estimated using a binomial generalised additive miazddl {GAMM) in
the R packagéngev’ (Wood 2006). The response variable was whether a locatisrused
(1) or not (0), with the level of competition at each tawaincluded as a smoother. In our
full model, we estimated separate competition smootbemsaich foraging specialisation
category by colony combination.¢e ‘bass rock- forage fish’ or ‘grassholm — generalist’).

Bird identity nested within colony identity were included asdom intercepts, and a thin-
plate regression spline for the spatial coordinatesaf data point was included to account
for spatial auto-correlation (ESM). From this initial ded, minimum adequate models were
selected by backwards selection using K-fold cross-validékion5; ESM), using the

summed log-likelihood values for the holdout data as a goodridaneasure.

Body condition

Body condition was measured in the field as a seasibma$$ proxy, as offspring
recruitment rates and lifetime individual breeding suceessot known in this system. This
was estimated using the scaled mass conditional index &@reen 2009 Body mass was
measured (£50 g) on initial capture when the stomach was gamatyscaled to the mean
maximum tarsus length (see ESM). This index was calculsgig data from 176
individuals across all colonies. It is hypothesised thaglaeniscaled mass is an indicator of
individuals with higher fitness because breeding is a ddimgmprocess which is likely to
reduce body condition. The effect of specialisationaatesl mass was assessed using a
general linear model (GLM) with a Gaussian error structamd,the full model included all

2-way interactions between colony, sex and dietary $peplified models were compared
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using AlC: scores, with consideration of both the top ranked amdnibst parsimonious
models. Normal Q® plots confirmed that all model residuals conformed to apsons of
normality, and all analyses were conducted in R v.3.43df Team 2017

RESULTS

A total of 112 individuals were successfully tracked acros$tbolonies (mean + SD
per colony: 19 * 8), producing 810 complete foraging tracks (rangege2-20; Table 1).
Blood samples were taken from 149 individuals (mean pengoRb + 11, including 98
successfully tracked individuals). The majority of indivals were categorised as generalists,
with the proportion of specialists of either kind varyingpstantially between colonies (Table
1).

Links between dietary specialisations and movement metrics

The top models for all movement metrics contained tieets of sex and colony,
confirming the known increase in foraging distances at flarglenies (Lewis et al. 2001),
and reflecting the fact that females typically travelager distances than males (Cleasby et
al. 2015a) (Fig. 1, Table 2). Dietary specialisation had aoitant effect only on the
maximum distance birds moved from their colony (Figl'dble 2 & TableS1in Supplement
1). Females tended to travel further than males in aboaies, but this was most
pronounced in forage fish specialists. Conversely, fematad specialists travelled
substantially smaller maximum distances from the coloag tither females. Males changed

little in maximum displacement distance regardlessethdy type.
Consequences of foraging strategies

Habitat selection

Based on K-fold cross-validation, the best predictive M&@E one that incorporated
separate competition smoothers for each foraging dgatian category on a colony-by-
colony basis (Tables S2 &3in Supplement 1). This indicates that the relationshiyvdsen
foraging specialisation and the density of conspecificoentered at sea varied both among
strategies and colonies, despite the fact that, withidoagosimilar total ranges of
competition were experienced (Fig. 2). This result was r@fected spatially, with
individuals pursuing different foraging strategies ofteredjing in geographical locations
visited (Fig. 2.
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At the 2 largest colonies at which discard use was recdAdisd Craig and
Grassholm; Fig. 2), discard specialists showed greater uségagihg areas with higher
levels of competition, with usage rapidly reducing in ar@dower competitive pressure. In
contrast, forage fish specialists showed a reverghiofrend. While central-place foraging
necessarily means they experience the highest levetsngjetition, peak predicted usage
rose above that of other dietary types at lower levisd®mpetition, indicating that forage
fish specialists spent more foraging effort in aredh lww conspecific densities. Generalist
foragers showed a similar pattern to discard specialists, Huawieaker selective response
to areas of high competition. Similar results were als®oved at the largest colony (Bass
Rock; Fig. 2) where generalist foragers were predicted to graleder use of areas with
higher conspecific competition than forage fish spestmlwith usage reversed at the lowest
levels of competition (no discard regurgitates weratified here in 2011). However, such
differentiation between strategies was not apparent onwdkecoast of Ireland, where
colonies showed little spatial differentiation and €g#s followed similar trajectories across
the competition gradient. Lastly, at the smallest mpkGreat Saltee; Fig. 2) neither
specialist type extensively foraged under the higher l@felempetition experienced by

generalists.

Body condition

Females were significantly heavier than males at nwshies, but dietary type had

no impact on scaled mass (Fig2 & S3, Table 3.

DISCUSSION

Our results demonstrate how, in an unconstrained systens acudtiple populations
and environmental conditions at large spatial scalemtiaar in dietary strategy can have
consequences for spatial separation in, and the compaetitiironments experienced by, an
apex predator. We demonstrated that individuals specialisifayage fish showed greater
usage of areas of reduced competitive pressure (i.e. lowsitide of conspecifics)
compared to either discard specialists or generalistsZ}-igHowever, dietary specialisations
were also present in some instances without broad kpapiaration in foraging locations,
highlighting the degree to which environmental variation is ingmtrin facilitating the
realisation of specialisations. We also skoihat there is significant variation in foraging

movements between females, but not males, pursuingatiffetrategies (Fig. 1). However,
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these individual differences had limited consequences fomeasured fitness correlate
(body condition), suggesting that different strategieg rapresent alternative successful
solutions to cope with interspecific competitive effectthis species.

When considering links between dietary specialisationdaading movements, we
only found support for differences in maximum displacenfremh the colony. Females
tended to travel farther than males within all strate(igs 1) and, within females, forage
fish specialists reached significantly more distant ggainan discard specialists. This
movement metric reflects a degree of both the effmalved and the use of both public and
private knowledge, and suggests that individuals pursuing atiégtes have favoured search
localities or environmental triggers that they will reeelly target (Dall et al. 20121asello
et al. 2013Patrick et al. 201AVakefield et al. 2015). However, we found no significant
relationships between the pursuit of different dietargtsgies and either trip length or
departure angle. This in turn suggests that diverse lesaditid patch types were available
within all colonies’ foraging ranges, and that, for individuals pursuing all strategies, time to
locate food patches varied between trips in this dynamicanment (Scales et al. 2014
Wakefield et al. 2015). This lack of commonality betweenretktent of specialisation in prey
selection and in multiple foraging movements suggésiisthese 2 components may not form
a behavioural syndrome in this species (Sih et al. 20EhjaBours may simply be linked
across time periods (Wakefield et al. 2015), or certamging techniques and locations may
be best suited to certain individual phenotypes (Lewad. 1002 Dall et al. 2012

However, we did find that birds exhibiting different dietary stragggeneralists,
forage fish or discard specialists) frequently experiémtiierent competitive regimes while
foraging (Fig. 2), and while sample sizes at any one calonid be relatively small, this
pattern was repeated at several of our study colonies. Thisstsigjggt an interaction
between foraging preference and the degree of competit@anierced at a location may
well affect the foraging decisions of individuals and thxydan repeatable displacement
distances from the colony (Corman et al. 2016). Foragesflishialists, particularly females,
tended to fly further (Figs. 1 & 2), and Bartumeus et al. (2@&@)onstrated that such
foraging on natural prey tends to create a super-diffusiveement process characterised by
longer flights. This suggests an alternative strategtyrttay be employed by females in
particular as a result of competitive exclusion by naggressive males at discarding
opportunities (Nelson 2001ewis et al. 2002Stauss et al. 2012). Alternatively, it may

reflect certainty of parentage and a willingness to ‘work harder’ at chick provisioning (Kokko
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& Jennions 2008), or differences in nutritional demandsicpdarly post-egg production,
between the sexes (Machovsky-Capuska et al. 2@iha & Pistorius 2018). Contrastingly,
we found that discard specialists trags$horter distances and experienced higher
competition, supporting a sub-diffusive movement patterdifarard specialists (Bartumeus
et al. 2010) (Fig. 2). Becoming a discard specialist has sieggrested to provide large
volumes of food with reduced flying (and therefore energetsjs for adults, although with
additional costs in terms of nutritional quality (Grémik¢tal. 2008van Donk et al. 2017).
However, remaining closer to the colony will naturally leathtbviduals foraging in areas
where greater numbers of conspecifics are present. Guitgsuggest that any energetic
benefits of exploiting discards through reduced commuting casysbe offset by greater
conspecific competitive pressures and the potential for ctafhiis can produce at a
spatially concentrated resource. This potential-dstefit scenario for the exploitation of
discards should be explored further with respect to itspateo affect population growth at

individual colonies.

Interestingly, while most apparent at larger coloniesyetespatial separation of
different strategies was not consistently achieved wireasing colony size, although such
spatial divergence between different strategies hasdmannstrated theoretically and on
smaller mesocosm scales (Svanbéack & Bolnick 20087 Bolnick et al. 2010). For
example, dietary specialisation was achieved by someidingils at the most western
colonies (Bull Rock and Little Skellig) despite almost ctetgoverlap in foraging space and
competitive environments experienced (Fig. 2), and a suladtdifterence in these colony
sizes. Breeding gannets are almost exclusively forageeriic waters (Nelson 2001), and
the closer proximity of the shelf break to these colorespresses both natural and
anthropogenic foraging opportunities into a smaller ared that variation in ecological
opportunities may be maintained despite spatial restngtiContrastingly, at the smallest
colony (Great Saltee), there was clear spatial separbgétween forage fish specialists and
discard specialists, likely reflecting the high levelslistards available in the southern Irish
Sea (Anonymous 2011). These results highlight alternataes in which ecological
opportunities can facilitate the maintenance of dies@gcialisations, and emphasise the
necessity of considering the interactions betweenspégific competition and ecological
opportunity in order to understand when and how individualalaleeto achieve foraging
differentiation (Roughgarden 19,/Rarent & Crespi 20Q®raujo et al. 2011
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Although proportions were neither consistent acrossnaso nor scaled with colony
size, we found far more individuals followed generalishtbecialist strategies amongst
those sampled. While gannets are capable of taking a wider aapgey than many other
sympatric seabirds (Nelson 2001), and thus may seem to lgpeatar potential for
developing individual specialisations, their foraging opportesiéire often constrained by
conspecific interference competition (Garthe & Huppop 1888&iis et al. 2001Votier et al.
2013). When combined with inter-annual changes in prey avéyedoid environmental
parameters (Hamer et al. 2007), this may preclude high demfrepscialisation and ensure
individuals are able to respond to changeable conditions (Hatrak 2007 Dall et al. 2012
while meeting their nutritional requirements (Machovsky@ka et al. 2016a). This
potential for flexibility may also explain why, despitasion in habitat usage and distances
covered in response to competitive and environmental pesssiifferent foraging strategies
did not affect adult scaled mass. Although specialisaticloi@ye fish and discards has
previously been linked to better and poorer body condition c&gply at one of these
colonies (Grassholm; Votiet al. 2010), a similar result was not found when examining the
relationship across multiple colonies (with the exaaptf Great Saltee; see F§3in
Supplement 1). However, as outlined above, this relatipmahly vary across years as a
consequence of changes in prey field availability and rmrtat composition (Hamer et.al
2007, Scales et al. 2017 ait et al. 2014Wakefield et al. 201, 9Machovsky-Capuska et al.
2016a), and may also be affected by sample sizes. Thethelyclear distinction was that, at
the largest colonies, the scaled mass of individuatietkto be lower. This could be due to
competition-driven increases in foraging range impactingaxty condition (Lewis et al.
2001), or it may be a strategic decision to reduce wing Igddifiacilitate longer flights.
Whether this has any important effects on longevity orogiyetive output remains unknown,
particularly as differences may become apparent onlyruegjeecially unfavourable
conditions or when individuals are followed over mangrgg Annett & Pierotti 199Hame
et al. 2007Lescroel et al. 2010). This is especially likely as longdiadults maintain a
wide safety margin in body mass, prioritising self-rt@mance over current provisioning,
potentially requiring much longer-term individual based stithedetermine fitness effects
(Lecomte et al. 2020

Our findings demonstrate that dietary specialisations ce ingortant consequences for
the competitive regimes that individual gannets experiande at several colonies, although

sample sizes were relatively small, this can resudpatial separation of individuals of
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specialist and generalist foraging strategies. This patterseesat both small and large
colonies that were located away from shelf breaks, suggesiat intraspecific competitive
effects are not the sole contributor to these patternsxXaonple, interspecific effects may
mirror intraspecific interactions at multi-species aggt®ns, leading to disruption of
feeding opportunities, with such interspecific competitegimes often important in
affecting species foraging distributions (Ballance e1@97, Ronconi & Burger 2011
Dhondt 2012). The interactions between foraging specialisagind competition are
nuanced, and the consequences found here highlight thescatyplf examining interacting

consequences at large spatial scales.

Data archive. Tracking data are available from Birdlifednational at
http://seabirdtracking.org/mapper/contributor.php?contributo# 29 . Data for the models
presented in Table 2 is included in Supplement 2 at www.int-

res.com/articles/suppl/mXXXpXXX_supp2.xIsx.
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Table 1. Fieldwork locations, sample sizes and foraghagesty categorisations of northern gannets. Colony aizeapparently occupied nests

(AON) counted in 2004 except for the Grassholm site, whichswagyed in 2009 (http://jncc.defra.gov.uk/smp/). Retrieved devieaghase
from which data were successfully recovered. SIA: stabl®pe analysis

Devices retrieved

Individuals

Colony name GI% %g;%pnhic Cgilggy m_ultipl\glt:k;mplete ng/lriggnof sampled for SIA Generalists Z%Z%aenzfg sgeizst:(i:glrigts
(AON) trips (deployment trips ind.* Males Females
dates)
Creat Saltee, - 92700 2400 (21198 ) 9 13 20 26 (79%) 4(12%) 3 (9%)
pulRock, 5L 3700 (28 s ) 12,5 16 11 15(56%) 6(22%) 6 (22%)
St SEX me E, 7 s on mew 20w s
:_ri;tllaenﬁkellig, ié: gg \'>'V 29700 (11_293 Jul 7 5 5 6 (60%) 3 (30%) 1 (10%)
Svgzssh‘z}? gé ‘2122\'7'\’/ 39300 e Ju:ifzg ) 7 22 18 22(55%) 8(20%) 10 (25%)
S TEL e g M s mem sm oo




638 Table 2. Comparison of mixed models examining the effecietdiy specialisation on
639 northern gannet foraging movement metrics. The top nuetermined byAkaike’s

640 information criterion (AIC) ranking for each metrgpresented ibold, and the most
641 parsimonious model is marked with * (S@&éaterials and method$or more details). The
642 variance explained by the top model for each metrid {r@ most parsimonious where
643 relevant) is also presented

AAIC compared to top model for each foraging metr

Model Trip distance Max. distance Departure angle
(km) from colony (km) )
Sex + colony 0.00* 5.17 24.00
Sex + dietary type 33.62 38.73 72.08
Colony + dietary type 4.61 7.01 16.39
Sex + colony + dietary type 0.86 5.21 15.28
Sex + colony + sex x colony 1.56 3.31 0.36*
Se>§ + colony + dietary type + se 0.38 0. 72 17.00
x dietary type
Sex + colony + dietary type + se 2 95 4.39 0.00
x colony
Sex + colony + dle.tary type + se 1.70 0.00 3.65
x colony + sex x dietary type
Null 35.89 39.10 86.84
Goodnes®f-fit top 0.199 0.295 0.475
Goodnes®f-fit most B 0.284 0.471

parsimonious*

644

645 Table 3. Comparison of general linear models examining theteff dietary specialisation
646 on scaled mass of adult gannets. The top model determingkhike’s information criterion
647  (AIC) ranking is presented inold, and the most parsimonious model is marked with * (see
648 ‘Materials and method$or more details). The variance explained by the todehis also

649 presented

AAIC compared to top
Model model
(scaled mass)
Colony + sex 0.00*
Colony + sex + colony x sex 4.14
Colony + sex + dietary type 2.72
Colony + sex + dietary type + colony x sex 6.64
Colony + sex + dietary type + sex x dietary ty 4.04
Sex 5.49
Dietary type 11.17
Sex + dietary type 7.18




650

651
652
653
654
655

656

657
658
659
660
661
662
663
664
665

Colony 5.85
Null 10.15

Goodnes®f-fit for top model 0.143

Fig. 1. Maximum distance travelled from the colony bytinem gannets on foraging trips
(averaged across all colonies) depends on gannet dietargrigisex (femal€§] = dark

bars, males [M] = white bars; boxes represent interigiaainge and median). Number of
individuals within each dietary type: generalist: F = 24, BOs=forage fish specialist: F = 12,
M = 3; discard specialist: F =6, M =12

Fig. 2.Habitat selection function (HSF) and utilisation distribnt{UD) plots for different
dietary types (generalists = black; forage fish specsadisied; discard specialists = blue) at
each of the study colonies. Left hand panels: HSF plois Bbav usage changes with the
level of competition at each colony. Solid lines: the agther from the fitted model,

reflecting the predicted strength of choice of thosepsiitive conditions for the different
foraging strategies; dashed lines: 95% confidence inteNate the x-axis for competition
has been reversed so that the highest levels of cdimpédtiloser to the colony) appear to the
left. Right hand panels: maps showing the 50% (solid line)9&86 (dashed line) UDs of
different dietary types



