N

N

Geographic and seasonal variability in the isotopic niche
of little auks
Jérome Fort, Yves Cherel, Ann M.A. Harding, Jorg Welcker, Dariusz Jakubas,
Harald Steen, Nina J. Karnovsky, David Grémillet

» To cite this version:

Jérome Fort, Yves Cherel, Ann M.A. Harding, Jorg Welcker, Dariusz Jakubas, et al.. Geographic and
seasonal variability in the isotopic niche of little auks. Marine Ecology Progress Series, 2010, 414,
pp.293-302. 10.3354/meps08721 . hal-01100480

HAL Id: hal-01100480
https://hal.science/hal-01100480
Submitted on 19 Mar 2015

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-01100480
https://hal.archives-ouvertes.fr

Geographic and seasonal variability in the isotopioiche of little

auks

Running head: Isotopic niche of little auks

Jérdme Fort™’, Yves Cheref, Ann M. A. Harding?®, Jorg Welcker*, Dariusz Jakubas,

Harald Steert, Nina J. Karnovsky®, David Grémillet*’

! Centre d’Ecologie Fonctionnelle et Evolutive, UME75 du CNRS, 1919 Route de Mende, 34
293 Montpellier cedex 5, France

2 Centre d’Etudes Biologiques de Chizé, UPR 1934 NRS, 79360 Villiers-en-Bois, France

% Environmental Science Department, Alaska Pacificivehsity, 4101 University Drive,
Anchorage, AK 99508, USA

“Norwegian Polar Institute, Polar Environmental CentN-9296 Tromsg, Norway

®> Department of Vertebrate Ecology and Zoology, Usite of Gdaisk, Legionéw 9, 80-
441 Gdaisk, Poland

® Department of Biology, Pomona College, 175 WS6 Claremont, CA 91711, USA

" Percy FitzPatrick Institute, DST/NRF Centre of Hbmee, University of Cape Town,

Rondebosch 7701, South Africa

"Email: fort.jerome@gmail.com



ABSTRACT: The non-breeding season of seabirdsti®mely challenging to study, because
it is often spent offshore under harsh environnmeotaditions. We used stable isotope
analysis to investigate little aulkl{e alle) feeding ecology throughout the annual cycle. The
geographic distribution of little auks in the Arctcovers a wide range of oceanographic
conditions. We sampled birds from five differentlacoes located in the most important
breeding areas (Greenland and Spitsbergen) to erarmow individuals breeding in
contrasting marine environments differ in theirpine niche throughout the year. We found
differences in summe¥™>N values amongst the colonies, suggesting diffet@mjet species
despite overall lows™N values in blood which indicates a diet primardgmposed of
copepods. A rise a§*°N values between summer and autumn indicated thatsachanged
their trophic status to feed at a higher trophi@leDuring autumn, a large overlap in feathers
8'*C values between colonies suggests a common mgutiea off North-East Greenland.
During winter, the isotopic signatures show thag¢ tophic status of Greenland and
Spitsbergen-birds differed, with birds from Greewdeeding at low trophic levels, probably
mostly on copepods, while birds from Spitsbergenntamed a higher trophic level. These
findings highlight contrasted seasonal and regiahed in little auk populations, and reveal
possible population overlaps during their autumnuinoWe found substantial trophic
variability in little auks, which may indicate urspected capabilities to adapt to current,

drastic environmental change in the North Atlantic.
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INTRODUCTION

In polar and temperate regions, the non-breediagmse has a profound impact on seabird
ecology. During this period, they have to cope wi#lish and highly variable environmental
conditions, which can directly affect their bodynddion, energy balance and survival
(Grosbois & Thompson 2005, Rolland et al. 2009) aftanately shape their population
dynamics (Barbraud & Weimerskirch 2003, Daunt et2806). However, the underlying
mechanisms and the different factors involved ofeanain a ‘black box’ and further studies
are therefore needed to explore seabird ecologygfout the non-breeding period. Between
breeding seasons, seabirds are typically far oféslamd are consequently inaccessible for
conventional scientific studies (Gaston 2004). dnent years, technical developments have
started to alleviate this problem. For example, iatimized electronic tracking tags allow
investigations of winter movements and migratioutes (e.g. Bost et al. 2009, Egevang et al.
2010), fatty acids analyses can provide informathon specific dietary components (e.g.
Williams et al. 2008), and modelling has improvedr kknowledge of seabird winter
energetics (e.g. Fort et al. 2009). These studenanetheless often restricted temporally or
spatially, thereby ignoring potential environmentalriability which may affect strategies
across individuals and populations (Grémillet & Boer 2009). Stable isotope analysis is a
powerful technique in the study of animal feedicglegy under variable conditions (West et
al. 2006). This approach indeed permits the idieatibn of animal isotopic niches (i.e. the
space used by an organism and defined by the wtopis axess'N ands**C; Newsome et
al. 2007) where the nitrogen isotopic ratio refettophic position/diet of the predator, while
the carbon ratio reflects its spatial foraging rasttion (Kelly 2000, Hobson et al. 1994).
These isotopic axes therefore help defining théogomal niche of the animal (Newsome et al.

2007, Cherel 2008). In seabirds, stable isotopéy/sisehas been used to track both migration



and diet (e.g. Hobson 1999, Cherel et al. 2007)ledd, since different body tissues
incorporate the isotopic signatures of resourcedifégrent rates, the analysis of different
tissues allows tracking changes in feeding ecotogr different time periods and at different
time scales, including the non-breeding period $tob1993, Cherel et al. 2008).

The little auk Alle alle) is a small diving seabird that feeds almost estgkly on
zooplankton in Arctic and North Atlantic waters thva breeding distribution covering a wide
range of ocean current regimes and contrasted watesses (Gaston & Jones 1998,
Stempniewicz 2001). With recent estimations of ntbegn 80 million individuals (Gaston &
Jones 1998, Kampp et al. 2000, Isaksen & Gavril@02@&gevang et al. 2003), this species is
the most abundant seabird of the North Atlantic and of the most abundant seabirds in the
world (Stempniewicz 2001). It therefore plays actab role within Arctic ecosystems,
notably in terms of energy and organic matter fiemd~or example, breeding little auks
foraging in the North Water Polynya off North-WeSteenland account for 92-96% of the
carbon flux to seabirds, and consume up to 24%etcbpepod standing stock in this region
(Karnovsky & Hunt 2002). During the non-breedingasen, knowledge of their spatial
distribution and diet are more elusive. Verticagmtion of their main preyQalanusspp.;
Harding et al. 2008) during winter, which tend &sdend to depths unreachable to little auks
(>100m; Falk-Petersen et al. 2009), suggests agseasonal shift in little auk diet. Only one
study (Karnovsky et al. 2008) has investigated toa-breeding diet of little auks, and
concludes that these birds show dietary shiftsndutine different seasons, especially during
autumn. However, this study was limited to one ipaldr site, the North Water Polynya,
where random birds were sampled during differeasses. This procedure does not allow the
comparative analysis of little auk diet acrossahaual cycle for birds of known origin. Such

investigations are nonetheless essential to asketsy flexibility in little auk populations



across a large portion of the North Atlantic, anelit capacity to respond / adapt to contrasted
and fluctuating environments and resource avaitgbil

Therefore, using isotopic signatures of differeaty tissues from birds breeding at
different geographical sites, the present study thadobjectives: (1) to assess trophic level
variability in little auks throughout the annualcty to investigate how birds respond to a
change of their feeding environment, and (2) to jgara the isotopic niches across little auk
populations at different spatial scales in orded&bermine how environmental conditions
experienced by each population may affect littl& &eding ecology during the different

seasons.

MATERIALS AND METHODS

Sample collection This study was conducted during the 2007 breediegson at four
colonies on Spitsbergen and one colony at Eastnzne@ A total of 291 breeding adults
and 20 chicks of little auks were sampled, and Ri8kcmeals collected (Table 1, Fig. 1).
Hereatfter, these five colonies are referred to @ddt the East Greenland colony, and as S1
to S4 following a north-south gradient for the Spérgen colonies (Fig. 1).

Blood samples (~0.2 ml) were collected from thechi@ vein. Seventy percent
ethanol was then added to the whole blood, which kept frozen at -20°C until isotopic
analysis. To check if results were not sex-biasedadditional small amount of blood was
taken at EG, S2 and S4 for subsequent moleculangeas detailed in Fridolfsson and
Ellegren (1999).

Little auks have two distinct moults per year: ooemplete moult in autumn
(September-October) that involves the replacemérth® complete body plumage, and a

partial moult in winter (March) when only feathdrem the neck and head are replaced



(Gaston & Jones 1998, Stempniewicz 2001). Theretore batches of cover feathers were
plucked on each breeding adult in summer: one fiteeir body (back or belly, reflecting the
autumn period), and one from the head (cheek, neckroat, reflecting the winter period).
These 2 batches are hereafter called ‘body feathads ‘head feathers’. All feathers were
randomly plucked to avoid a bias due to an everasthy moult pattern. For chicks, only
newly-grown cover feathers were plucked during ldte chick-rearing period, when down
had totally disappeared. All collected feathersewvkept at ambient temperature in sealed
plastic bags until analysis.

Chick meals were collected from adult birds, whicdrry food to the nest in a
sublingual (gular) pouch (Stempniewicz 2001). Achitds were caught in the colony using
mist nets or noose carpets. Each food load wadygstwoped out of the gular pouch, and
immediately preserved in 70% ethanol. Caught adudt® released unharmed after 5-10 min
of handling. In the laboratory, a random sampleesath chick meal was taken for dietary
analyses. Each diet sample was divided into broag plasses (copepods, amphipods and
others). Prey items were then numbered and idedtififter Keast & Lawrence (1990),
Kwasniewski et al. (2003), and Walkuspefsonal communication To estimate the
composition by mass of the chick meals, we driesng of each taxon and calculated
individual dry mass. We then reconstituted the propn by dry mass of each taxon in the
different chick meal samples.

Twenty additional birds legally shot at sea by Gtaedic hunters for commercial sale
were bought. Birds were shot off Nuuk (64M051°45W; West Greenland, hereafter
symbolized as WG) in winter (January 2007) and ichisdely kept frozen until dissected in
the laboratory. Blood samples were collected framdardiac clot, ‘body feathers’ randomly
plucked from belly, back or throat, and birds weirgually sexed from gonads. Blood and

body feathers were stored as for breeding birdshébd feathers were sampled from these



birds because both body and head feathers in wphttenage originate from the same moult
(autumn moult). Stomach contents were also remdweicthe advanced digestion stage of the

prey precluded identifying them.

Sample preparation and isotopic analysisPrior to isotopic analysis, blood samples were
dried for 48 h at 60°C and homogenized. Feathers wesed in a 2:1 chloroform:methanol
solution, rinsed 2x in a methanol solution, dried 48 h at 60°C and homogenized with
scissors. Food samples were dried for 48 h at 68i@ ground to powder. Lipids and
carbonates were then removed from food samples ibging them successively in
cyclohexane and 1N HCI. All isotopic analyses wpegformed by Mylnefield Research
Services Stable Isotope Laboratory (SCRI, Dundeetl&d). Analyses were performed on 1
mg subsamples of dried and homogenized materiatfirig into tin cups and combusting at
1000°C in an ANCA-GSL elemental analyzer (Sercorewe, UK). Resultant COand N
gases were then analyzed for carbon-13 and nitr§eisotope abundance in continuous-
flow mode using a SerCon 20:20 isotope ratio maesteometer (SerCon, Crewe, UK).
Measured data were scale-calibrated using twonatemal reference materials (IAEA-600
and IAEA-CHG6) as well as one in-house standardc{ie?). Stable isotope abundances were
expressed i notation as the deviation from standards in gagtsthousand (%o) according to
the following equationsX = [(RsampiéRstandard-1] X 1000, where X i$%C or ™N and R is the
corresponding ratib®>C/*2C or *>*N/**N. The Rundasvalues were based on the Vienna-PeeDee

Belemnite (VPDB) for°C and atmospheric NAIR) for N.

Data analysis.Using allometric equations between body mass arngboahalf-life in avian
blood (Carleton & del Rio 2005), stable isotopel-lnges in little auk blood was estimated to

12-15 days. Given this result, and following litdek moulting sequences (see above), blood



collected from breeding birds reflects summer ipmtcsignature (from early to late July,
following sampling dates at each colony), body Heed the autumn signature (September-
October), and head feathers the winter signaturar¢hV) (Bearhop et al. 2002). Blood
collected on hunted birds also reflects the wirgetopic niche (early January) of little auks.

In order to compare blood and feather isotopic atigres and, consequently, to
investigate the bird isotopic niche at differentipés of their annual cycle, we needed to take
into account the tissue-dependent metabolic rouéind enrichment factors for little auks
(Quillfeldt et al. 2008a, Podlesak & McWilliams Z&)0 We thus compared stable isotope
ratios obtained from feathers and blood samplesilsameously collected on chicks, and
calculated correction factors to compatéC andd™N values from these two tissues in adult
birds. To avoid effects of growth o3°N blood values (Sears et al. 2009) and therefore to
allow comparison of chicks and adults, chicks wesenpled during the late chick-rearing
period, just before fledging, when growth was rextli(csee Harding et al. 2009b). We found
differences between chick feathers and blood &5%. for nitrogen and 0.65%. for carbon,
and used these values as correction factors. Tdrerefve corrected adult body and head
feathers isotopic data by subtracting the corraedi&ztors before comparing them with blood
and zooplankton (uncorrected) isotopic results.

Statistics were computed using Statistica 6.0. V8edumultivariate analysis of
variance (MANOVA) with Wilk’s lambda statistics tmmpare simultaneoust°N ands**C
values between colonies, as well as analysis danvee (ANOVA) followed bypost-hoc
range tests (Tukey multiple comparison test for quia sample sizes) to compare
independenthy6'°N and8'*C values between sexes, seasons and coloniesnfegsalues

are means = SD, and statistical significance wasrasd at p < 0.05.



RESULTS

For all colonies on which birds were sexed andalbtissues, no difference between
8"N and&™C values of adult males and females were obse AMOYA, §"°N: Fs16,= 1.27,
p = 0.28:6°C: K 16,= 0.52, p = 0.76). Therefore, results for the twres were pooled in the

following analyses.

Chick meals and adults*®N values

Chick meals collected at EG and S4 were mostly (68%d 78%) composed of
copepods (almost exclusivelyalanus hyperboreuand C. glacialis respectively; Fig. 2).
However, chick meals from EG also included thedsseciated amphipo&bherusa glacialis
(32%). The values 03">N measured on chick meals was similar for both mie® (Mann-
Whitney test, U = 72.0, p = 0.28, n = 12 and n #d654 and EG, respectively) (Table 1, Fig.
3). Moreover, chicks and adults from EG had sinfaN values measured in blood samples
(t-test, t = 1.56, df = 38, p = 0.13) (Table 1).

Adult breeding birds at EG showed significant véoia in their °N isotopic ratio
during the different seasons (ANOVA;, &= 43.99, p < 0.001)Post hocTukey multiple
comparison tests indicated an increase of thie tween summer and autumn (p < 0.001),
followed by a decrease between autumn and winter (p001).5"°N isotopic values were
similar between summer and winter (p = 0.59) (Bg.Birds breeding in Spitsbergen also
present a significant variation B1°N values between seasons £ = 541.97, p < 0.001).
Like the Greenland birds, this ratio increased letwsummer and autumn (p < 0.001).
However, it remained high in winter with a similaean value to that in autumn (p = 0.100).

This winter ratio was significantly higher thansammer (p < 0.001) (Fig. 3).



Seasonal and colony variations

During summer, the different colonies were segreddby their overall isotopic
signatures (MANOVA, Wilk's lambda,dn74= 95.50, p < 0.001) and in an univariate analysis,
by their'°C (ANOVA, F4g5= 282.20, p < 0.001) antf°N values (Fgs= 51.15, p < 0.001)
measured for blood samples (Fig. 4Rpst hocTukey multiple comparison tests indicated
that among Spitsbergen birds, the 2 southern cedof83 and S4) had highierN values than
the 2 northern colonies (S1 and S2). Also S3 hgHet3**C values than S2 and S4, whereas
S4 had lower™C values than S1. Moreovei-’C and3™N values measured in EG were
respectively lower and higher than in all Spitsieergolonies (all p < 0.001)

During autumn, birds from the different coloniesrgvalso segregated by their overall
isotopic signatures (G224= 7.31, p < 0.001), as well as by thé{fC (Fs113= 10.30, p <
0.001) andd™N values (E113= 4.00, p = 0.002). However, multiple comparisostse
indicated that only birds from S3 differed fromdsrfrom the other sites, because of higher
8°C values (all p < 0.01). Furthermore, only birdsnir S4 had significantly highef*>N
values than those from S3, EG and WG (p = 0.020063 and p = 0.03, respectively) (Fig.
4B).

During winter, birds from all colonies were agasggsegated by their overall isotopic
signatures (f226= 20.10, p < 0.001) and in an univariate analysisheir 5*°C (Fs114=
12.75, p < 0.001) and thei™N values (4= 30.14, p < 0.001). However, multiple
comparison tests indicated tRafC values measured on birds from S3 and WG werdasimi
(p = 1.00) but differed from all other colonies|(al < 0.01), wherea$™N values of
Greenland birds (EG and WG) were similar (p = 1.B0) differed from all Spitsbergen

colonies (all p < 0.001) (Fig. 4C).
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DISCUSSION

Detailed knowledge of seabirds feeding ecologpuph the non-breeding season is
essential to understand the determinants of wimigntality, and how individuals respond to
environmental constraints and variability, notaimiyterms of prey availability. Karnovsky et
al. (2008) studied little auk diet and found largeasonal changes throughout the year.
However, their study was restricted to one site (orth Water Polynya off North-West
Greenland) and did not take into account intravialial and spatial variations. Additional
investigations were therefore needed to definettbphic niche of this essential seabird
component of Arctic marine food webs across thetiNAtlantic.

The use of stable isotope analysis is particuleglgvant in this context, but results
and interpretations in terms of distribution armptric status have to be formulated carefully,
notably by integrating information from baselineogsapes (geographical distribution of
isotope values, herg"®N and §*°C). Indeed, while a difference between measuredegal
might reflect contrasted habitats occupied or pregyisumed, it might also result from a
variation (in space and/or time) in isotopic valwgsthe base of the food web. A recent
overview of isoscapes at large geographical sc@lhiam et al. 2010) enables such an
integration, and therefore provide guidance fouffetisotopic research. Little auk distribution
is limited to the North Atlantic and the Arctic @@ ca. 50°N; Gaston and Jones 1998),
wheres™N values are homogeneous (Graham et al. 2010).HBm®geneity is confirmed by
similar 8°N signatures measured on zooplankton (chick médeds) East Greenland and
Spitsbergen (Fig. 3), and on adult diet at Horns(#4) in a previous year (Harding et al.
2008). This therefore suggests minor spatio-temptranges ir5*°N values at the base of the
food web within the distribution range of little kay and allows comparing nitrogen

signatures assumed to reflect their relative troplaisition on the basis of homogene6ti
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baseline levels. In great contra3t:C values are spatially structured throughout thigian,
showing contrasted isotopic habitats. Nevertheldbss geographical gradient is not
continuous, and some isotopic habitats represesttaraas where very distant regions (e.g. on
both sides of Greenland) share similar baselineega{Graham et al. 2010). Interpretation of
8°C signatures due to indicate the movements andhiitbn of marine predators such as
little auks must therefore integrate such esseistsicape information.

Our study shows strong inter-seasonal variatiditiN ands'°C isotopic signatures in
birds from a given colony, thus confirming the déeswf Karnovsky and colleagues (2008).
Moreover, we observed that little auks from thdedént study colonies (East Greenland and
Spitsbergen) occupy variable isotopic niches thinoug the different seasons of their annual
cycle, with some important variations between lpogulations at different spatial scales.

Interestingly, isotopic niches measured are sinfdarmales and females during all
seasons. A previous investigation also found naaegifferences in the isotopic niche of
little auks during the summer breeding season (idgret al. 2008). The present investigation
further extends these findings to the autumn anutewi Like guillemots Wria spp.), little
auks switch from bi-parental to uni-paternal caierpo chick fledging (Harding et al. 2004).
Females usually leave the colony earlier, whileemaccompany chicks during fledging and
the first period at sea (Stempniewicz 2001). Gitrezse behavioural differences, we expected
autumn moulting grounds and migration routes tadifierent for the two sexes, therefore
leading to contrasted°N and'3C isotopic values in autumn. Contrary to this exgéon,
our results show that both sexes have an idensigadpic niche during this season. While this
result indicates that males and females are liteelypoult in the overall same geographic area,
it cannot confirm at smaller spatial scale whethath sexes moult together or within a close
area. Further specific studies, using methods cemmgnhtary to stable isotopes, will have to

be performed to investigate sex-specific strategiespotential segregation more accurately.
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Spatial variability in the isotopic niche of little auks

The coasts of Spitsbergen and Greenland, on bdds ©f the Greenland Sea, are
characterized by water masses from two highly est#d sources (Buch 2000; Fig. 1). The
West coast of Spitsbergen is dominated by the narith flowing Norwegian Atlantic current
which is an extension of the relatively warm NoAtlantic current. In contrast, the East
Greenland coast is characterized by cooler, lelseswater of the East Greenland current
flowing southward from the central Arctic basin Bu2000). The two distinct summer
isotopic habitats3°C values) of the East Greenland and Spitsbergets Ifiig. 1) reflect
these two different oceanographic environments, @rdirm recent isoscape meta-analyses
(Graham et al. 2010).

The summer diet of little auks has been describedetail in previous studies (e.g.
Karnovsky et al. 2003, Jakubas et al. 2007, Karkypes al. 2008, Harding et al. 2008). Here,
only chick meals were collected, but the simi#&iN isotopic values measured both in chick
and adult blood samples strongly suggest that ahaltchick little auks feed on similar prey.
Therefore, results obtained in this study (isotoped prey identification) confirm that all
birds from the different colonies and populationsstty feed at low trophic levels and on
Calanuscopepods in summer. However, several differencespparent amongst colonies at
large and small spatial scales (Fig. 2 and Fig. #8) example, prey identification shows that
the main copepod species consumed by East Greeit&)€. hyperboreusand Spitsbergen
(S4;C. glacialig birds differ, a result that mirrors prey availédiiat both sites (Karnovsky et
al. 2003, Falk-Petersen et al. 2009) and confirmesipus investigations (Harding et al. 2008,
2009a, Kwasniewski et al. in press). Moreover, firesence of sea-ice near the East
Greenland colony allowed breeding birds to feedhmice-associated amphipéghherusa

glacialis (Fig. 2).
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In Spitsbergen, the two northern colonies are algregated from the two southern
colonies by theib™N values (Fig. 4A). However, the difference obsdrigonly marginally
significant, a fact that might be explained in tdifferent ways. Firstly, and most likely,
northern birds may feed at a slightly lower troplexel than southern birds, thereby reflecting
different targeted prey. It is established thatimuisummer, adult little auks perform long
foraging trips, allowing them to feed in areas o2@0 km from their breeding sites (Welcker
et al. 2009). Birds from S1 and S2 are therefoite &lbreach distant feeding grounds in the
Arctic Ocean, where multi-year ice prevails as wedl associated amphipodgherusa
glacialis (Sgreide et al. 2008), which is the prey with lineest nitrogen isotopic signature
consumed by little auks (Harding et al. 2009a, Tlander et al. 2006). First investigations of
little auk feeding grounds, using GPS-tracking, feored that some breeding adults from
Magdalenefjorden (S1) reach the sea ice edge atkdB@om their colony (Jakubas et al.
unpublished data). Moreover, the préypherusa glacialiswas present in chick meals
collected at S1 in 2007 and 2008 (Kwasniewski etrapress) while it has not found at S4
(this study, Kwasniewski et al. in press). Consetlyeit is likely that adults from the two
northern colonies feed on a higher proportiopherusa glacialigand therefore at a lower
trophic level)than those from the two southern colonies whicmoamneach northern, cooler
waters. On the other hand, we cannot exclude htsdigd regional baseline isotopic variation
between North and South Spitsbergen, which may edptain the small difference between
both groups, with birds from all Spitsbergen coésnfeeding at similar trophic levels. To
clarify this point, further, smaller-scale investipns are now required to defirié°N
baseline values across the marine habitats @ Attks from Spitsbergen.

Overall, the foraging distance of breeding littieks is constrained by the need to
frequently feed the chick at the colony (Welckerakt 2009). This constraint drives the

behaviour of the birds, with all individuals fromgasen colony feeding in a similar habitat,
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and on the same range of prey available in thaneghate environment. This phenomenon is
reflected by a low variance i6*°N and §'*C isotopic values during summer (Fig. 4A).
Conversely, during the non-breeding season, birel§rae to occupy any area of their winter
range, and to feed on any prey item. This is corgd by our study, which clearly shows that
the isotopic niche occupied by little auks from weme colony is wider during the non-
breeding season, as found in other seabird spelsewhere (Cherel et al. 2007, 2008). This
strongly suggests that non-breeding little aukpelise across contrasted water masses of the

North Atlantic, where they feed on a wider rang@iay.

Temporal variability in the isotopic niche of little auks

Between summer and autumn, little auks from altlisth colonies showed a drastic
change in their trophic status (reflecteddhN isotopic ratio). Indeed, thei°N increased by
approximately 3%. between both seasons. This charigmore than one trophic level
(Hobson & Welch 1992) strongly suggests a dietaift setween summer and autumn. This
change is consistent with that observed in littleksa from the North Water Polynya
(Karnovsky et al. 2008), and with our current kneside of copepod ecology (Falk-Petersen
et al. 2009). Indeed, soon after summer, copepadkiiding Calanusspp. species) caught by
little auks while breeding (Fig. 2) are known torfpem a vertical migration to depths of
several hundred meters to undergo diapause, thdyebgming inaccessible to the birds,
which can only dive to 40 meters (Harding et al024). These copepods are thought to
migrate back to surface waters a few months latenatch the phytoplankton spring bloom
(Falk-Petersen et al. 2009, Henson et al. 20D@jing autumn, little auks are thus expected
to feed on alternate prey. For instance, largeergnricher amphipods feeding at higher

trophic levels might be consumed by little aukganly autumn (Stempniewicz 2001).
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During autumn, birds from all colonies displayeditar 5°C values (except birds
from S3; Fig. 4B). As mentioned above, and relyamgthis similarity only, it is difficult to
interpret these results in terms of common/differeroulting places. However, existing
information from long-term ring recoveries (e.ge@pniewicz 2001) and recent biotelemetry
studies (Mosbech et al. unpublished data) suggested(1) Spitsbergen birds move quickly
after the breeding season to ice-filled areas efWest Greenland Sea, and start to moult
there (Stempniewicz 2001), while (2) East Greenlainds move northerly after summer to
moult in the Greenland Sea (Mosbech et al. unpodtisdata). Combined results therefore
indicate that during autumn, birds from East Graedland Spitsbergen moult in a similar
isotopic habitat/water mass, most likely in the €&dand Sea.

The pattern of changes of bird trophic levels betwautumn and winter is different
for the East Greenland and Spitsbergen colonigssBireeding in East Greenland display a
second dietary shift in winter since they feed dower trophic level than during autumn.
Interestingly, theis™N winter values, similar to those of summer, aragneement with birds
preying upon copepods during this period (Satol.e@02, Karnovsky et al. 2008). Little
auks from East Greenland mainly winter off Newfoland (Stempniewicz 2001, Mosbech et
al. unpublished data). In this region, phytoplankspring bloom starts earlier than in the rest
of the North Atlantic (i.e. from February; Hensanaé 2009) and it is likely that copepods,
which migrate back to surface waters following thisom, are available to diving little auks
during their winter moult (Fort et al. 2010). Inntrast, birds from all Spitsbergen colonies
adopt a different feeding strategy during winteheif 8'°N values show that little auks
maintain a high trophic level during the winterttigasimilar to that in the autumn.

During the winter moult, Greenland and Spitsbengepulations share similar isotopic
habitat (reflected by similai*°C isotopic ratios). Howeves™N values show that birds feed

at different trophic levels (see ‘Results’), sudges contrasted targeted prey, and therefore
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distinct moulting grounds, where prey availabilisy different. Interestingly, during all the
non-breeding season, birds from S3 clearly adoatdidiferent strategy and moult in different
water masses than birds from all other colonieg.(HE). Mechanisms underlying this
difference remain unknown and merit further invgetiion, notably by combining geolocation

and isotope analysis (e.g. Bost et al. 2009).

The isotopic niche of birds wintering off South-WetsGreenland

During the autumn, birds collected off South-Westéhland (WG) had identical
isotopic niches as those from other colonies (whid exception of S3). This suggests that
birds were moulting in a similar isotopic habitteding at the same trophic level and most
likely on the same prey. However, during wintegyloccupy a different isotopic niche than
birds from Spitsbergen and a different habitatfédént3'*C values) than EG birds, even if
feeding at similar trophic levels (simila®N values). Therefore, it seems that wintering birds
caught off Nuuk (WG) represent a different popwalatthan those sampled during summer,
though our study does not permit to determine tbeigin. Interestingly, this result also
indicates that birds from both East Greenland apidsigergen do not winter off southwest
Greenland, but rather in different isotopic/feedingbitats, thereby confirming previous
investigations based upon ring recoveries and leiotetry. However, it is important to note
that the analysis performed on winter bird bloothgles reflects isotopic signatures from
January, a period during which birds are still logirt wintering grounds. In contrast, analyses
performed on breeding bird head feather samplésctefotopic signatures from the March
moult, during which birds already start their sgrimigration (Stempniewicz 2001).
Consequently, and even if both tissues representvthter trophic status and isotopic niche,

they are separated by a period of about 1-2 modtinsr\g which birds probably moved,
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potentially affecting theif>>C isotopic ratios. Therefore, these isotopic resate not totally
comparable and have to be interpreted carefullgpsring the fact that further studies are

necessary to confirm bird location during the déf@ seasons.

Conclusions

Consideration of temporal and spatial variatioseabirds feeding ecology is essential
to a better understanding of how they adapt torenmental stochasticity, and of how
varying constraints affect their survival. Few sésdhave investigated seabird diet across
seasons using stable isotopes on different tisGeigs Cherel et al. 2008, Quillfeldt et al.
2008b), while others have compared different pdparia during a specific period (e.g.
Cherel et al. 2006). However, hardly any study wered both variables simultaneously in a
seabird species. Presenting two distinct moultsypar, both occurring during a short time
window, and with a geographic distribution coveriagvide range of current regimes and
water characteristics (Stempniewicz 2001), littlksaare excellent candidates to study spatio-
temporal variation in feeding ecology by way of biaisotopic analyses. Using these
particularities, our study is therefore one of fivet to track trophic niche variation in a
seabird across the annual cycle while comparingtesires adopted by birds from distant
colonies (but see Bearhop et al. 2000).

We showed that during their non-breeding seasdtiyigual little auks display an
important seasonal change in trophic status, agtlighted significant variations between
colonies and populations at both small and largéiapscales. Our study also provides one of
the first descriptions of the winter feeding ecolay little auks (e.g. Fort et al. 2010) and
gives important insights into their moulting andhtering grounds, which need be confirmed

with complementary methods such as geolocationBsseet al. 2009).
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Little auks from the North Atlantic are able to nutmte their feeding ecology
depending on the temporal availability of theirypesd also to exploit a wide range of prey,
ranging from calanoid copepods to fish larvae (@mnestudy, Karnovsky et al. 2008). Such
information is essential to understand how thiscEse responds to a constraining and
fluctuating environment. Interestingly, we also biesize that such a spatio-temporal
dietary flexibility might enable little auks to féen zooplankton species which currently do
not occur in the North Atlantic, but which may exdetheir northern distribution as a result of
global warming (Beaugrand & Reid 2003) and maydfee invade North Atlantic waters
and little auk foraging areas. The capacity ofditiuks to survive upon these new resources

may determine the fate of their populations in amag Arctic.
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Table 1. Stable isotopic signatures of samplegctdt from little auks. Stable isotope data preskate raw (uncorrected).

Status Site Colony Symbol  Tissue Time period 8613C (%o) 815N (%o)

Breeding adults East Greenland Kap Hoegh EG Whole Blood Summer 20 -21.7+0.1 114 +0.1
(7043'N, 2138'W) Body Feathers Autumn 19 -20.5+0.7 13.1+0.7
Head Feathers Winter 19 -19.6+0.8 11.4+1.0
Spitsbergen - - mean Whole Blood Summer 73 -20.1£0.2 10.7+0.4
mean Body Feathers  Autumn 80 -20.3+0.6 134+ 0.6
mean Head Feathers  Winter 80 -19.4+0.5 13.2+0.8
Magdalenefjorden S1 Whole Blood Summer 14 -20.1+0.1 10.5+0.2
(7935'N, 1105'E) Body Feathers Autumn 20 -20.6 £0.6 13.5+0.6
Head Feathers Winter 20 -19.4+0.5 12.9+0.9
Kongsfjorden S2 Whole Blood Summer 20 -20.2+0.2 10.4+0.2
(7901'N, 1225'E) Body Feathers Autumn 20 -20.3+0.5 13.2+0.7
Head Feathers Winter 20 -19.8+0.4 13.3+0.8
Longearbyen S3 Whole Blood Summer 20 -20.0+0.3 11.0+0.4
(783N, 15°19'E) Body Feathers Autumn 20 -19.6 £0.5 13.2+05
Head Feathers Winter 20 -189+0.4 13.3+0.6
Hornsund S4 Whole Blood Summer 19 -20.3+0.2 11.1+£0.3
(7700'N, 1522°E) Body Feathers Autumn 20 -20.6£0.4 13.8+0.3
Head Feathers Winter 20 -195+04 13.4+0.8
Wintering adults Nuuk (640N, 5500'W) SWG Whole Blood Winter 21 -195+0.4 11.7+0.4
Body Feathers Autumn 20 -20.3+0.4 13.2+05
Chicks East Greenland Kap Hoegh EG Whole Blood Summer 20 -22.3+0.1 11.8+1.2
Body Feathers Summer 19 -21.6+0.4 11.6 £0.3

Chick food - 16 -22.3+0.5 8.4+05

Spitsbergen Hornsund S4 Chick food - 12 -21.8+0.3 8.3+0.4

Values are mean + SD
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Fig. 1. Map of the studied little auk breeding co&s which are labelled as follows in the
text: S1 to S4 for Spitsbergen (from north to spuHG for the East Greenland and WG for

West Greenland wintering birds. After AMAP (1998)
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Fig. 2. Composition of little auk chick meals (eggsed in % dry mass) collected from adults

at Kap Hoegh (East Greenland, EG; n=16) and Hoxh§8pitsbergen, S4; n=12).
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Fig. 3. Stable nitrogen isotope values of littlekausamples from East Greenland and
Spitsbergen during the different seasons, and wkameals collected at two colonies (EG

and S4). Values (uncorrected) are means + SD. éh s#e, values not sharing the same

superscript letter are significantly different (sesults).
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Fig. 4. Stable carbon and nitrogen isotope valdieslolt little auk samples from each colony andmtyithe different seasons. Values are means

= SD. Summer values (from blood) are uncorrectddesawhile autumn and winter values (from feathars) corrected values. Open symbols

are values measured on birds from the East Gredmalony, black-filled symbols are values from ®gitsbergen colonies, and grey-filled

symbol are values for the West-Greenland wintet-birds.
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