N

N

The role of stable isotopes and mercury concentrations
to describe seabird foraging ecology in tropical
environments
Teresa Catry, Jaime A. Ramos, Matthieu Le Corre, Jessica Kojadinovic, Paco

Bustamante

» To cite this version:

Teresa Catry, Jaime A. Ramos, Matthieu Le Corre, Jessica Kojadinovic, Paco Bustamante. The
role of stable isotopes and mercury concentrations to describe seabird foraging ecology in tropical
environments. Marine Biology, 2008, 155 (6), pp.637-647. 10.1007/s00227-008-1060-6 . hal-00667129

HAL Id: hal-00667129
https://hal.science/hal-00667129
Submitted on 7 Feb 2012

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00667129
https://hal.archives-ouvertes.fr

Therole of stableisotopes and mercury concentrationsto
describe seabird foraging ecology in tropical environments

Teresa Catry, Jaime A. RamdsMatthieu Le Corre Jessica Kojadinovic®, Paco

Bustamant®

! Institute of Marine Research (IMAR), Department Bology, University of
Coimbra, 3004-517 Coimbra, Portugal

2 Laboratoire ECOMAR, Université de la Réunion, 9% Bhaint Denis message cedex

9, France

3 LIENSs, UMR 6250, CNRS — Université de La Roche?leue Olympe de Gouges,
La Rochelle, 17042 France

*Corresponding authoteresa_catry@yahoo.com




Abstract: Nitrogen §*°N) and carbond3C) stable isotopes and contaminants, such
as mercury, have been widely used to charactesrsgihg ecology of temperate and
polar seabirds. In this study, for the first timee used isotopic signatures and
mercury levels of feathers and blood of eight ttapseabird species, that forage in a
range-gradient between inshore and offshore areagscribe the foraging habits of a
large tropical seabird community (from two neighbing islands of the Seychelles
archipelago, western Indian Ocean) during both bheeding and interbreeding
periods. Overall, we found a high overlap in batAN and§'*C signatures among
species. The high interspecific overlap /"N values was expected, given the
similarities in the diet of the species from thiemonunity. However, several
unexpected results, such as (1) the consisterglyens**N signatures of white terns
(Gygis alba), (2) the large variation in inter-specific diféerces ind*°N signatures
among the sampling groups (season, age, islantissugt) and (3) the consistent low
8'°N values of breeding birds during the northwest soom (austral summer),
suggest that'N signatures cannot be used as indicators of skabiphic levels in
this community. The high interspecific overlap 8iC signatures and the absence,
during the breeding season, ofs&C gradient that follows the inshore-offshore
foraging gradient within the community can be ekpdd by the habitat homogeneity
of the Seychelles continental shelf and suggedtlilids forage mostly within the
limits of this “plateau”. On the other hand, the#arities in5'*C values between the
breeding and inter-breeding periods in speciesalatknown to show post-breeding
dispersal, strongly support the hypothesis of & laklatitudinal variation ind**C
signatures of POM in the central Indian Ocean, tarcconsequent inaccuracydfC
values to track seabird movements within this gaplgic area. Inter-specific
differences in mercury levels seem to be relatepréy size, while consistent higher
mercury concentrations in one of the studied idaswhgest different island mercury-
backgrounds and possible segregation in foragiegsabetween the seabirds of the

two islands.
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Introduction

Seabird foraging ecology has been largely studeednfost taxonomic groups and
geographical areas around the world (Pearson 1968json et al. 1983; Croxall
1987; Spear et al. 2007). However, most studiesesteicted to a few species within
whole seabird communities and temporally constdhinehe breeding period. During
the last decades, the development of techniqueantlyse stable isotopes and
contaminant levels (e.g. mercury) in seabird tissuees provided a major contribution
to fill in these gaps (Hobson and Clark 1992; Mawotet al. 1995; Cherel et al. 2006).
Stable isotope analysis (SIA), a technique basedhenfact that ratios of stable
isotopes in tissues of predators reflect thosdnéir tprey in a predictable manner, is
recognised as a powerful tool to understand digtatterns and trophic relationships
of animal communities (Hobson and Clark 1992; Syalert al. 1997). Stable isotope
measurements of carbo&™C) and nitrogen&°N) are the most commonly used in
marine ecosystems. Nitrogen-15 is enriched at sacbessive trophic level, whereas
carbon-13 is enriched in inshore or benthic feedelstive to offshore or pelagic
feeders (Shealer 2001). Furthermore, stable isetamm be used to track the
movement of seabirds across isotopic gradientsindividuals moving between
isotopically distinct food webs can carry with thenformation on the location of
their previous feeding areas (Nisbet et al. 20@2efo and Hobson 2003).
Investigation of seabird exposure to contaminantshsas mercury (Hg) can also
provide valuable information on foraging ecologyg(eThompson et al. 1998a,
Monteiro et al. 1995, Bearhop et al. 2000a). Unbkleer heavy metals present in the
marine environment, once mercury has entered tloe faveb it may suffer
bioamplification through food chains (Bryan 1979sl& 1987). Hence, seabirds, as

marine top-predators, usually exhibit high merdemels in tissues, including feathers



which are the major pathway for mercury eliminatibrough moulting (Burger et al.
1993, Monteiro et al. 1995, Monteiro and Furnes3120Seabirds feeding at higher
trophic levels or relying mostly on mesopelagicypexhibit higher mercury levels
(Monteiro et al. 1998, Thompson et al. 1998a, Ochma#ia et al. 2002, Kojadinovic
et al. 2007). Some seabird species foraging ofeshad/or in more remote areas are
less prone to have high mercury levels than sealimcging inshore and/or in more
polluted areas (Burger et al. 2001, Nisbet et @22, although this is not always the
case (Ochoa-acuia et al. 2002).

Studies on stable isotopes and mercury levelsrbreetropical seabird communities
are inexistent and the role of such indicatorsxplaning seabird foraging ecology is
virtually unknown (but see Kojadinovic et al. 2008mong tropical seabirds there is
a strong overlap in the diet of both inshore anfdhmfre seabirds (Diamond 1983,
Harrison et al. 1983, Surman and Wooller 2003, \Catr al. in revision). Diet
segregation within these seabird communities isnipabased on prey size and
foraging ranges, and less on prey species (Diard®88, Surman and Wooller 2003,
Catry et al. in revision). This high overlap is guenably derived from the incapacity
of tropical seabirds to dive more than a few met@gse of the most important
foraging strategies of tropical seabirds is to faédhe surface within multispecies
flocks, in association with shoals of predatoryn@s which drive prey to the surface,
making them available to the birds (Ballance antch®n 1999, Jaquemet et al. 2004).
The present study focused on the tropical seardnaunity of two neighboring
islands (Aride and Cousin) of the Seychelles amlaigo, western Indian Ocean.
Recently, Catry et al. (in revision) analyzed thet af this community during the
breeding season and recorded a high overlap ididtecomposition of most species,

with the exception of the white-tailed tropicbirBh@ethon lepturus). In the present



study we determined'®N and §'°C signatures and mercury levels in eight seabird
species from this community (which include nine cpg). We investigated inter-
specific and intra-specific (age, season and istatated) trophic segregation during
both the breeding and inter-breeding periods arsgssed the potential of stable
isotopes and mercury levels to characterize foragoology of tropical seabirds.

The studied seabird community includes species fii@ge in a range gradient
between inshore and offshore areas during the imgséason (from the more coastal
to the more offshore foragers: lesser nodahpus tenuirostris, bridled ternSerna
anaethetus white tern Gygis alba, brown noddy Anous stolidus, Audubon’s
shearwaterPuffinus |herminieri, sooty ternSerna fuscata, white-tailed tropicbird
Phaethon lepturus and wedge-tailed shearwat®uffinus pacificus, respectively;
Bailey 1968, Feare 1981, Diamond angs23ones 1986, Schreiber and Burger 2001,
pers.obs). For this reason, we would expect to fndimilar gradient ind**C
signatures or, at least, significant difference®iagnmore inshore and more offshore
foraging species during the breeding season.

Given the high overlap in diet composition recordedthis community (Catry in
revision) we would expect simila*°N signatures and mercury levels among species
and between islands during the breeding seasoh (gt possible exception of white-
tailed tropicbirds that show less overlap in didiarger seabird species consume
larger prey (Catry et al. in revision) and couldesarmably present highexl5N
values.

The foraging ecology of these species during therdbreeding period is poorly
known. However, preliminary studies of the at-seéstritbution of seabirds in the
Indian Ocean suggest that species such as the watkpe shearwater, the white

tailed tropicbird and the sooty tern show post-tneg dispersal, whereas others such



as the Audubon’s shearwaters, the lesser noddyhrthven noddy and the white tern
are probably tied to their breeding grounds allryeand (Bailey 1968). Hence, we
would expect differences in th&C signatures between the breeding and non
breeding seasons of species that show post-breddipgrsal and overall unchanged

signatures in more resident species.

Material & Methods

Study area

This study was carried out on Aride (4°10’S, 55B)0And Cousin (4°20’S, 55°40°E)
Islands, two neighbouring islands (situated 10 kapsart) of the Seychelles
archipelago, western Indian Ocean. The climate@&sanal, with hot and wet north
westerly winds between November and March (northwesnsoon, hereafter NW

monsoon), and dryer, less hot south-easterly winetsveen May and September
(southeast monsoon, hereafter SE monsoon). Whiéettlopicbird, white tern and

Audubon’s shearwater breed all year round. Browddyoand lesser noddy breed
during the two monsoons, but predominantly durimg $E monsoon. Wedge-tailed
shearwater breeds almost exclusively during the M@hsoon. Bridled tern has a
non-annual breeding cycle of 9 months. Sooty teeeds exclusively on Aride Island

during the SE monsoon.

Sample collection

On Aride Island, we collected body feathers of &l@nd chicks of Audubon’s
shearwaters, white-tailed tropicbirds, brown noddlesser noddies and white terns,
both during the SE monsoon of 2005 and the NW mamsd 2006. Sooty terns were

sampled only during the SE monsoon and wedge-taite@drwaters during the NW



monsoon. On Cousin Island, adults from all the joev species (except the sooty
tern) plus the bridled tern were sampled (featlaad blood) during the SE monsoon
of 2005. Feather samples were pulled (between 718hdrom the body (breast) of

breeding adults and chicks (during the linear ghowhase) and stored in paper
envelopes until analysed. Blood samples were difasvn adults via venepuncture of

wing vein and conserved in 70% ethanol becauseetheteness of the sampling sites
did not leave the option of freezing them on siteis procedure does not significantly
alter the isotopic composition of tissue (Hobsomletl997) and was also previously
used to assess mercury concentrations in bloodlsanop seabirds (e.g. Gonzalez-

Solis et al. 2002).

| sotopic deter mination

Breast feathers were washed vigorously in triplthdaf 0.25 N sodium hydroxide
solution alternated with triple baths of deionizagdter in order to remove adherent
external contamination as well as external lipigelaresulting from preening.
Feathers were then dried in an oven for 24h at %0t cut into small fragments for
isotopic analysis. Stable-carbon and nitrogen @atassays of feather samples were
carried out on 0.35 £ 0.05 mg sub-samples load&xdtin cups. Ethanol from blood
samples was evaporated in an aspirating hood. Bsamaples were dried at 40°C
during 24h, then re-suspended in pOMIlliQ quality water and sonicated for 1 min
with a Sonimass S20, then frozen at -80°C and lfirfabeze-dried during 3 days.
Before the analysis procedure, samples were grtufide powder and homogenised.
Stable-carbon and nitrogen isotope assays of ldaoaples were carried out on 0.42
+ 0.05 mg (range 0.35-0.50) sub-samples loadedtimtoups. Relative abundance of

stables isotopes of carboi®@/ *°C) and nitrogen *tN/**N) were determined by



continuous-flow isotope-ratio mass spectrometry -(RMS). Analyses were
conducted using a Euro EA 3024. Results are predentthe usual delta notatiod) (
relative to the Pee Dee Belemnite (PDB) §biC, and atmospheric nitrogen ANor
8'°N. Replicate measurements of internal laboratcaydsrds indicate measurement

errors of + 0.1 and * 0.3 %o f61°C andd™N, respectively.

For mercury, at least two aliquots ranging frono20 mg of dried blood and breast
feather material were directly analysed in an Adeah Mercury Analyser

spectrophotometer (Altec AMA 254). Mercury analysesre run with respect to a
thorough quality control program including analysek lobster hepatopancreas
TORT-2 (certified value 0.27 + 0.06) reference mateurchased from the National
Research Council, Canada. Standard samples werlyzeshaunder the same
conditions as the samples. The results were in gmgrdement with the certified
values (average measured value was 0.27 + 0.0D) nwith an average recovery rate
of 100%. Detection limit was 8 ng'gdry wt. Mercury levels in feathers and blood

samples are reported jig.g" dry wt throughout this paper.

Statistical analysis

A three-way analysis of variance (ANOVA), followeg Tuckey post-hoc tests, was
used to segregate carbon and nitrogen isotopegédgies (Audubon’s shearwater,
white-tailed tropicbird, brown noddy, lesser nodthd white tern), age (adult, chick)
and season (SE and NW monsoons), within the seabiminunity of Aride Island.
To compare mercury levels between species, agseasbn, controlling for the effect
of trophic level and foraging areas, a generalainmodel (GLM) was run with

mercury values as the dependent variable, spemjesand season as factors, &l



ands'®C as covariates. Both the three-way ANOVA and théiGre robust analyses
that tolerate moderate deviations from normality hamogeneity of variances.

In order to investigate intra-specific differendess™N, §*°C and mercury values in
adult body feathers between birds sampled on Aaiad Cousin Islands (during the
SE monsoon) we performed one-way ANOVAs and, whendve homogeneity of
variances condition was not verified, we used M#imtney U Tests. One-way
ANOVAs were also used to assess difference$™IN, §*°C and mercury values in
blood of adult seabirds sampled on Cousin Island.

All data are presented as mean + standard deviéBor). Results were considered

significant at P < 0.05.

Results

Inter-specific comparisons

Overall, we recorded a high overlapdN and$'*C signatures in body feathers of
seabirds within the studied community (Figures d 2n

Inter-specific differences if*°N signatures were not consistent among the sampling
groups (season, age, island and tissue; Figu@i@ificant inter-specific differences
in 8"°N signatures within seabirds of Aride Island wezearded only for white terns
that showed higheB'N values than all the other species (Table 1, FEigRl).
Regarding blood samples, differencess{iN measurements were significant for all
species (kss = 10.70, P < 0.001) except for brown and lesseldies, and brown
noddies and bridled terns that showed similar \&alue

In contrast withs™N, inter-specific differences i#°C signatures among the sampling
groups showed a general consistent pattern, witscents*>C values from lesser

noddies, audubon’s shearwaters, brown noddies amitk werns, to white-tailed



tropicbirds (Figure 4). Small but significant ingpecific differences ind'C
signatures were found among the seabirds of Arigland (only Audubon’s
shearwaters and brown noddies had sindita€ signatures; Table 1§*°C signatures
of blood from adults of the seven species sampledCousin Island also showed
significant inter-specific differences & = 10.80, P < 0.001) but only white-tailed
tropicbirds and brown noddies, and white-tailecpicbirds and bridled terns, with
similar signatures, were different from the otheeaes.

We recorded large inter-specific differences in coey values among the sampling
groups for most species, but overall, white-taiteapicbirds showed the highest

mercury levels within the community, both on Arigled Cousin Islands (Figure 5).

Between-age and season comparisons

The factorial ANOVA performed for the seabirds ofide Island showed that™N
signatures were presumably not influenced by agesaason (Table 1). However, the
interaction between age and season was significaetall, chicks grown during the
SE monsoon showed significantly highi#PN values than chicks grown during the
NW monsoon and than adults sampled in the SE monSable 1).

81°C signatures of all sampled seabirds from Aridanidlwere segregated by season
(Table 3). Overall, individuals sampled in the NWwmsoon exhibited lower (more
depleted$**C signatures. Age, per se, did not seem to a¥f€€t values (Table 1).

The GLM analysis showed that mercury levels in btethers of seabirds of Aride
Island were significantly but weakly correlated w&™°N (Table 1). Both age and
season had a significant effect on mercury levetfividuals sampled during the NW
monsoon, irrespective of age, showed higher merealyes, and chicks, irrespective

of season, showed lower mercury values (Table 1).
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Between-island comparisons

We found a high overlap ir°N and§'*C signatures of adult body feathers between
birds sampled on Aride and Cousin Islands (FigyreHbwever, lesser noddies from
Aride Island had significantly lowei™*N values than birds from Cousin Island and
white-tailed tropicbirds from Aride Island had sigrantly higher (more enriched)
8°C values than tropicbirds from Cousin Island (Tab)le

For all species except white terns, mercury lewaee significantly higher in seabirds

from Aride Island than in those from Cousin Isldidble 2, Figure 6).

Discussion

Most seabirds undergo their moult cycle duringittier-breeding season, probably as
a way to avoid overlapping the energetic cost adedmg and that of moulting
(Hamer et al. 2001). The moult cycle of most speéieused in this study is poorly
known, but previous studies on Ascension Islandarmiic Ocean, suggest that white
terns, sooty terns and lesser noddies start mgudtiter breeding, with the moult of
body feathers taking place during several monthsthef inter-breeding period
(Dorward 1963, Ashmole 1963a, 1963b). Thus, théoo signatures of the body
feathers of adults are, presumably, indicatorshefforaging areas and trophic level
during the inter-breeding period, whereas the @iotsignatures of the feathers of
chicks and the blood of adults provide the samd kihinformation for the breeding
season. Mercury levels in feathers result fromaalgal elimination, during the period
of feather growth, of a body pool of mercury premly accumulated in internal
tissues (Monteiro and Furness 2001) and may, thexefeflect mercury intake during
an extended period (Bearhop et al. 2000a). Hermeejsbtope values and mercury

concentrations in adult body feathers are effeltivencoupled”. Once seabirds
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attend breeding colonies for large periods of timegrcury levels in adult body
feathers may reflect breeding season diet to saxtente(Thompson et al. 1998a,

Bearhop et al. 2000a).

Inter-specific comparisons

Unlike several studies conducted in temperate avldr @reas (e.g. Hobsos al.
1994, 2002, Thompson et al. 1999, Cherel et al6R0@e recorded a high inter-
specific overlap in thé™N and§*°C signatures of the seabird community of Aride
and Cousin Islands.

The narrow range iB™N values among species (all within sampling groups
differences < 2 %0) was an expected result taking account the high overlap in diet
composition recorded for this community (Catry leirarevision). Previous studies of
different tropical seabird communities have shohat,tdespite having a diverse diet,
most tropical seabirds rely mainly upon a few peldgh (mainly juveniles) and
squid families (Diamond 1983, Harrison et al. 1988rman and Wooller 2003, Spear
et al. 2007, Catry et al. in revision). Temperate @olar seabird communities can
show less diverse diets than those from tropicahsr however, the presence of
specialized species relying upon plankton or coestas, as well as upon fish or
squid, can explain the higher segregatiof'#\ signatures among those communities
(Sydeman et al. 1997, Thompson et al. 1999, Hobsah 2002, Cherel et al. 2006).
Despite the expected high overlaiiN signatures recorded in this study, there were
two unexpected results: (1) the absence of diffeernnd'®N values of feathers of
white-tailed tropicbird chicks in comparison to ethspecies and (2) the generally
higher 8*°N values of body feathers of white tern chicks. Whailed tropicbird

chicks have the lowest overlap in diet compositiath the other species, due to an
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almost absence of Mullidae (the main prey for nedshe other seabird species) and a
higher consumption of squid (Catry et al. in remj which seems to b&N
enriched (Jaquemet et al. in revision). On the rotend, white-tailed tropicbird
chicks also consume the larger prey within the whodbmmunity (Catry et al. in
revision), and prey size is often positively coatet! with5*°N signatures (Ménard et
al. 2007). Accordingly, we would expect white-tdileropicbird chicks to show the
highests!N values. However, and surprisingly, white ternkilkited the highesi'>N
signatures in body feathers of chicks, suggestnaq they forage at a higher trophic
level, which does not appear to be true, at leasthie breeding season, given the diet
composition described (Catry et al. in revisionjorkbver, white tern chicks are fed
with smaller prey than most of the other specieatrfCet al. in revision), so the
higher 8'°N values cannot be related to prey size eithers@hesults suggest that
8N signatures are poor indicators of trophic lewelthe seabirds of this community.
Furthermore, inter-specific differencesd’N signatures were not consistent among
the sampling groups (season, age, island and }jssupporting the fact tha™N
values can hardly be used to characterize troptimtionships within the studied
community and that specific nitrogen excretion sade not play an important role in
explaining inter-specific differences. Kojadinowet al. (2008) recorded significant
differences in8™N signatures between Audubon’s shearwaters andesdiled
tropicbirds breeding in the southwest Indian Ocaaah suggest that this could be due
mainly to differences in prey size taken by the tspecies. However, they did not
study the diet of these species and, thereforddamat attribute such differences to
diet composition. Ménard et al. (2007), studying tforaging ecology of two
migratory fish predators of the western Indian @¢daund inter-specific differences

in 8'°N signatures of yellowfin tunas and swordfish, ssjing different feeding
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strategies and trophic levels between the two spetmnterestingly, these differences
were smaller in the north of the sampling area N5°nearer to the Seychelles
archipelago) and higher in the south (25°S). Gt there is no evidence that such
predators have different feeding habits within theistribution ranges, this fact
suggests that there may be a latitudinal effechenbaseline values éf°N and an
inaccuracy in using™N signatures to explain trophic levels.

Despite the multiple significant differences reamdwe found a high overlap in
carbon isotopic signatures among species (allréiffiees within sampling groups < 2
%o). For seabird specie$’C signatures usually provide information on foragin
habitats, with lower (more depleted) values relatedffshore or pelagic foraging and
higher (more enriched) values correspondent tooisslor benthic foraging (e.g.
Thompson et al. 2000, Hobson et al. 2002). In shisly, inter-specific differences in
8'%C signatures for the breeding season (chick fesittveere not related to foraging
range as expected. In fact, the white-tailed tigipicand the sooty tern, two of the
most offshore species, had the high#S€ signatures, whereas the lesser noddy, a
predominantly inshore forager, had the low&$fC values within the whole
community. It therefore appears ttafC values of seabirds from Aride and Cousin
Islands cannot be used as an indicator of inshersug offshore foraging preference
during the breeding season. Sherwood and Rose )2@D&dying the isotopic
signatures of invertebrate and fish in the Newfdand and Labrador continental
shelf, also found an absence of inshore-offshoeslignt in §'°C signatures. The
central islands of the Seychelles archipelago @ situated on a continental shelf —
the Seychelles Bank - where depths of 44-65m extiemdabout 43000 kf
(Braithwaite 1984). Although some preliminary résubn incubation shift duration

suggest that sooty terns, white-tailed tropicbadd wedge-tailed shearwaters forage
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further offshore than other species during the liation period (Le Corre et al.
unpublished), the high overlap in diet compositrathin the community (Catry et al.
in revision) suggest that most species forage mavthin the limits of the Seychelles
Bank. Inter-specific differences found &°C signatures may reflect differences in
foraging areas, but proximity to the breeding cgldoes not appear to be the factor
that most influenced*>C values in this seabird community. This segregati@y be
related to avoidance of inter-specific competitihich is most important during the
breeding season, when adults try to feed theirkshizth high-energetic prey items
(Massias and Becker 1990, Paiva et al. 2006). bhdg&C signatures from blood of
adults from Cousin Island show higher similarity g species thad*C values
from body feathers of chicks. This suggests thattagdwhen foraging for themselves,
are probably more opportunistic than when feedorgtieir chicks, leading to lower
competition. It is possible tha'°C signatures may be good indicators of inshore
offshore foraging areas for these species duriegirtter-breeding period. In fact, a
previous study in the western Indian Ocean thatpaoedd'C signatures between
lesser noddies and roseate terns suggested that lesddies may be largely oceanic
during the inter-breeding period, whereas roseatestmay be more coastal period
(Monticelli et al. in press).

Apart from the inshore-offshore variatiod;’C values of particulate organic matter
(POM), and thereafter of the entire food chain, nsapw a latitudinal variation
(Cherel et al. 2000, 2007). For example, in thetsam Indian Ocean, enrichéd’C
POM values occur north of 40°S and deplét€€-POM values occur south of 45°S
(Francois et al. 1993). The similaritiesdC signatures between adults and chicks
for each season on Aride Island suggest that, whathe species and the breeding

season, adult birds spend the non-breeding peabthnfrom their breeding grounds,
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which was a unexpected result. In fact, prelimirgtndies of the at-sea distribution of
seabirds in the Indian Ocean suggest that spewtdsas the wedge-tailed shearwater,
the white-tailed tropicbird and the sooty tern shpest-breeding dispersal (Bailey
1968). These contradictory results strongly suppbe hypothesis of a lack of
latitudinal variation ins**C values of POM in the “central” western Indian @cend
the consequent inaccuracy 8FC signatures to track seabird movements in this
region. Consistently3™C values in the muscle tissues of yellowfin tunad an
swordfish sampled in the western Indian Ocean saweakly along a latitudinal
gradient of about 30° (23°S to 5°N; Ménard et @GD.7J.

With few exceptions, we found three main groupsbdas mercury levels: one group
with the highest mercury values that includes thetemailed tropicbirds, another
with intermediate mercury values that includes veetlgled shearwaters, brown
noddies, sooty terns and white terns, and the destp, with the lowest mercury
levels, that includes Audubon’s shearwaters, lessmidies and bridled terns.
Assuming that mercury levels in adult body feathaastly reflect breeding season
diet (see above), and given the high similaritrethe diet of this community (Catry et
al. in revision), inter-specific differences in roery levels can hardly be explain by
diet composition. Previous studies have found actlirelationship between size and
mercury levels in fish (e.g. Arcos et al. 2002, &bpovic et al. 2006). This could
partly explain the differences found in this stubdgcause mercury levels seem to be
positively correlated with prey size (Catry etialrevision). However, differences in
mercury levels between species can also be relatghlysiological differences among
seabird taxa with some species being more effegtiveliminating mercury than
others (Monteiro et al. 1995, Becker et al. 20@02)even to differences in metabolic

rates.
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Between-age and season comparisons

8N signatures of seabirds from Aride Island were segregated by age or season.
There was, however, an interaction between ageseasbn, and chicks reared during
the SE monsoon showed significantly highéiN values than chicks reared during
the NW monsoon. Surprisingly, Ménard et al (20030nfd the opposite seasonal
effect for predatory fishes sampled in the wesbedan Ocean. The diet of white tern
and white-tailed tropicbird chicks on Aride and Gmulslands showed no significant
differences in prey composition between the SE MW monsoons (Catry et al. in
revision) suggesting once more that those variatiné°N values may be related to
environmental factors rather than to trophic lev®eabirds sampled in the NW
monsoon exhibited lowes'*C signatures than birds sampled in the SE monsoon,
irrespective of age class. Because during the brges®ason adults are constrained to
foraging relatively close to their colonies, thensistent differences found i#°C
values between chicks reared during the two distmonsoons can reflect slight
differences in foraging areas but not large moveamensomewhat distant areas. The
fact that the same pattern is exhibited betweertsadampled in the two monsoons,
suggests that these differences may be relatepdral changes in backgroudtdC
values, instead of being related to differenceseabird foraging areas. Monticelli et
al. (in press) also found small annual differenice8'C signatures for adult lesser
noddies breeding in the SE season on Aride Islahdh agrees with this hypothesis.
As recorded in several other studies (e.g. Monteiral. 1995, Bearhop et al. 2000Db,
Kojadinovic et al. 2007), body feathers of adulalseds from Aride Island had
significantly higher mercury values than body feashof chicks, probably as a

consequence of large periods of exposure by adaltsthus high levels of mercury

17



accumulation. More unexpected was the consisteotdeof higher mercury values in
body feathers of birds sampled during the NW mongdar all species except white-
tailed tropicbirds). White tern and white-taile@dgrcbirds chicks show similar diets
between the NW and SE monsoons with no evidenctioks consuming larger prey
during the NW monsoon (Catry et al. in revisionhefefore, other factors, such as
annual or seasonal variations in the backgrouneldeof mercury in this part of the

Indian Ocean, should be involved in explainingdbserved differences.

Between-island comparisons

Overall, body feathers of adults of the five specgampled on Aride and Cousin
Islands during the SE monsoon showed no intra-fpetifferences in5*°N ands**C
signatures between islands. The exceptions werd diffarences found in thé'°N
and&™C values of lesser noddies and white-tailed trapish respectively. However,
and despite the homogeneity #°N and §'°C signatures between islands, we
recorded significantly higher mercury values fdrsalabird species (except for white
tern) on Aride Island than on Cousin Island. Thesistently higher mercury levels in
adult birds from Aride Island apparently suggesi eabirds from Aride and Cousin
Islands exhibit different diets and/or forage offedent areas. Small differences in
diet, even if not correlated with trophic levelnckead to significant differences in
mercury levels in bird tissues. Thompson et al981) found out that differences in
mercury levels in northern fulmars between two hbauring islands in the Shetland
were due to the consumption of two mesopelagic ppscies (with higher mercury
levels) in only one of the colonies. However, askeduring the breeding season small
differences found in the diet of birds from AridedaCousin Islands resulted mainly

from differences in the proportions of each preyetyrather than from a difference in
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prey species taken in each island (Catry et akeinsion). Again in the Shetland
archipelago, Thompson et al. (1992) and Bearhogl.gf2000b) found consistently
higher mercury levels in the seabird community freame of two neighbouring
islands. They argued that the difference in merdewvgls between the two colonies
could be a product of differences in the backgrolewkls in the two islands.
Likewise, different background mercury levels betwedhe foraging areas of birds
from Aride and Cousin Islands may also determirfeeidinces in mercury levels in
body feathers of seabirds between the two isladdss explanation is partly
supported by the mercury levels found in feathdrehicks from Aride Island, that
were lower than those of adults from the same gol@xcept for white terns) but
higher, at least for Audubon’s shearwater, lessedies and brown noddies, than
those of adults from Cousin Island. Non-overlapfaraging areas by seabirds of
neighbouring islands as a method to avoid compatifor food has already been
recorded by several authors, especially when leotgnies are involved (Ainley et al.
2004, V. Paiva, pers.comm.). However, to our knogk such an apparent
segregation in foraging areas at such a small gpbgr scale has never previously
been reported. Although different background merdevels between foraging areas
seems to be the most plausible hypothesis to exdifferent mercury concentrations
in body feathers of adult seabirds from Aride amali€in Islands, we cannot exclude
the hypothesis that these may be the result okgagion in foraging areas during the

inter-breeding period.

Conclusion

To our knowledge, this is the first study focusimg the role of stable isotopes and

mercury concentrations to describe foraging ecoliogg large and diverse tropical
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seabird community. Contrarily to studies conductedemperate and polar areas,
several unexpected and contradictory results rede#lats™N signatures cannot be
used as indicators of seabird trophic level withire studied communitys*C
signatures failed to describe inshore-offshoreepast of seabird foraging during the
breeding season, which may be due to the habitatogeneity of the Seychelles
continental shelf. Furthermore, our results strprsgipport the hypothesis of a lack of
latitudinal variation ind'°C signatures of POM in the central Indian Ocean tued
consequent inaccuracy d@fC values to track seabird movements within this
geographic area. Results on mercury concentrasoggest different island mercury
backgrounds and possible segregation in foragiegsabetween the seabirds of the
two islands.

Further studies investigating different tropicahlsied communities will be important
to clarify whether the inaccuracy of stable isowpe characterize seabird foraging

ecology is a general rule for tropical marine estsys.
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Table 1. Effect of species (Audubon’s shearwater - AS, teailed tropicbird - WTT, brown noddy - BN, lesseddy - LN and white tern -
WT), age (adults and chicks) and season (soutlsasnorthwest monsoons), together with first olidégraction terms, od'°C andd™N
(factorial ANOVA) and mercury values (GLM) in bodlyathers collected on Aride Island, Seychelles.

Variable 3N d3=C Hg
F P Effect F P Effect F P Effect
Species F1s3=14.7 0.000 WT > other species 4 fs3= 75.9 0.000  All different except F, 153=28.23 0.000 WTT > other specigs
BN = AS WT > LN, AS
BN > AS
Age F_L, 183= 0.9 0.353 --- E 183= 0.1 0.722 - E 183=404.37 0.000 adults > chicks
Season Fi13=4.7 0.031 none detected 1, /= 57.4 0.000 NW < SE 1F1g3=107.42  0.000 NW > SE
Species*Age Fi1:=2.1 0.081 F1:=35 0.010 WTT: adult>chick 4Rg=12.24 0.000 All species: adults »
chicks
Species*Season 4sFs3= 2.5 0.045 none detected +B=19 0.109 - I 183= 8.38 0.000 All species except
WTT: NW > SE
Age*Season Fi1s3= 16.4 0.000 chicks SE > adults SE F; 153= 0.8  0.360 - F183= 15.73  0.000 adults NW > adults
chicks SE > chicks NW SE > chicks NW >
chicks SE
Species*Age*Season 4Rg= 1.2  0.325 FF1s5=1.0 0.423 I 183= 8.02 0.000
R ® R 183~ 2.48 0.117
3N R 183= 4.93 0.028
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Table 2. Between-island comparisonsditC, 8N and mercury values in adult body feathers of Auaius shearwater, white-tailed tropicbird,
brown noddy, lesser noddy and white tern collectexdng the southeast monsoon of 2005 on Aride t5I&®ychelles. Statistical tests include
one-way ANOVAs and, whenever the homogeneity ofavenres assumption was not verified, Mann-Whitneladts.

615N 613C Hg
Test P Effect Test P Effect Test P Effect
Audubon’s Shearwater Z=0.00 1.000 Z=-0.265 0.791 Z=-3.81 0.000 Ari>Cou
White-tailed Tropicbird F=0.03 0.858 F=5.26 0.034 Ari<Cou F=31.65 0.000 Ari>Cou
Brown Noddy F=0.08 0.776 F=275 0.115 =B7,23 0.000 Ari > Cou
Lesser Noddy F=556 0.030 Ari<Cou F=149 0.237 F=-3.79 0.000 Ari>Cou
White Tern F=0.15 0.710 F =0.05 0.380 =10.170 0.865

27






© Aride

® Cousin -

- 14.0
WTT

]

- 13.0

T T T T T T 12.0
-17.5 -17.0 -16.5 -16.0 -15.5 -15.0 -14.5 -14.0

613C (%)

Figure 1. Stable nitrogen and carbon isotope signaturesarfree SD) for body
feathers of adult seabirds sampled during the saistrmonsoon on Aride and Cousin
Islands. WTS = wedge-tailed shearwater, AS = Audishearwater, WTT = white-
tailed tropicbird, BN = brown noddy, LN = lesserday, WT = white tern, ST =

sooty tern and BT = bridled tern.
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Figure 2. Stable nitrogen and carbon isotope signaturesarfme SD) for body
feathers of adult and chick seabirds sampled dutimeg southeast and northwest
monsoons on Aride Island. AS = Audubon’s shearwaW®WdT = white-tailed

tropicbird, BN = brown noddy, LN = lesser noddy aNd@ = white tern.
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Figure 3. Comparison of nitrogen isotope ratias N (%0)) between five seabird

species in relation to island, age, season angetisampled. Ari = Aride Island, Cou =

Cousin Island, Ad = adult, Ch = chick, SE = sougteaonsoon, NW = northwest

monsoon and Bl = blood.
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Figure 5. Comparison of mercury (Hg) levels (ugd.giwt) between five seabird
species in relation to island, age, season angetisampled. Ari = Aride Island, Cou =
Cousin Island, Ad = adult, Ch = chick, SE = sousfteaonsoon, NW = northwest
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Figure 6. Mercury levels (ug:g dwt) in body feathers of adult seabirds sampled
during the southeast monsoon on Aride and Coudands. Abreviations : AS =
Audubon’s shearwater, LN = lesser noddy, BN = brawddy, , WT = white tern and
WTT = white-tailed tropicbird. Mercury levels argrsficantly higher on Aride Island

for all species except white tern (see text).
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