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Abstract

Mayotte in the southwest Indian Ocean is charadriby high dolphin diversity. They may
coexist within a fairly small area around the islabecause they exploit neither the same
preferential habitats nor the same resources. phediminary study aimed to investigate
ecological niche segregation among these delphinidmunities: the Indo-Pacific bottlenose
dolphin, Tursiops aduncysthe pantropical spotted dolphistenella attenuatathe spinner
dolphin, Stenella longirostris and the melon-headed whalBeponocephala electraTwo
approaches were used. Habitat preferences werstigaeed by analysing dolphin sighting data
and associated physiographical characteristicsolres partitioning was explored by analysing
C and N stable isotopes in skin and blubber bigpdi@nly T. aduncus which showed clear
association with coastal habitats in the lagoofffeidid from the others in terms of habitat
preferences, characterised by shallow depth angkesland proximity to the coast. All other
species shared similar oceanic habitats immediatetgide the lagoon, these being of higher
depth and slope, greater distance from the coadtvesre not discernable by discriminant
analysis. The twdbtenellaspecies and the melon-headed whale displayedhighyoverlap in
habitat physiographic variables. The analysis alblstisotopes confirmed the ecological isolation
of T. aduncusand revealed a clear segregatiorPofelectracompared to the tw8tenellathat
was not apparent in the habitat analysis. This meflgct ecological differences that were not

observable from diurnal surface observations.

Key-words: dolphins, ecological niche, habitats, stable igetp south-west Indian Ocean,

Mayotte.
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1. Introduction

In biological communities, each species has its anique niche, which provides the conditions
and resources needed for its survival. A sharedures in limited supply will bring about
competition between members of the same speciésa-8pecific competition) or between
individuals of different species (inter-specificngpetition). Competition can take two different
forms: interference, which is a direct, often aggree, interaction between individuals, or
exploitation-competition, in which individuals imgéet with each other indirectly, by responding
to a resource level which has been depressed kacthvity of competitors (Begon et al., 1986).

A niche occupied by a species in the absence opettuars is termed its fundamental niche,
whereas in the presence of competitors, specieshmagonfined to a realized niche, which is
shaped by the presence of competing sympatric epe@egon et al., 1986). Hence, the
coexistence of potentially competing species isrofhade possible by the differentiation of their
realized ecological niches. The first mechanisn #li@aws for niche differentiation is resource
partitioning. In this case, different species lyyim the same habitat exploit the resources
differently. For example, predators of differentesimay feed on prey of different size, hence
minimising the overlap between the various predatprey size ranges. Prey specialization
presumably allows for niche partitioning in aredsspmpatry (Ballance, 2002). The second
mechanism involves spatial (microhabitat differatitin) or temporal separation in the
availability of the different resources (these bmeocavailable at different times of the day or
different seasons of the year; Huisman and Weis@0@1).

Small delphinids belong to numerous species whalehsimilar morphological characteristics.
This situation suggests that fine-scale mechanialasv for the partitioning of habitats and
resources when and where the different speciesitiveympatry. A study of the cetacean

community of Great Abaco, Bahamas, has shown teatetological niches of the four species
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that permanently live there do not overlap (MacLebdl., 2004). These species capture prey at
different depths of the water column. Other cetacgzecies are observed in the study area only
during the season when prey abundance is suffigiigh to support their presence, while they
are competitively excluded for the rest of the y@dacLeod et al., 2004). Indeed, the spatial
distribution of marine predators is mainly deteredrby the distribution and availability of their
prey, these in turn varying according to physicalemical and biological characteristics of the
water masses (Forcada, 2002).

The dietary ecology of marine mammals and thepttiolevel can be determined using different
methods: traditional methods analyse faeces anagiégted food of living animals, as well as
the stomach contents of dead animals (from strgsdom by-catch; e.g. Pusineri et al., 2007). A
more recent method for studies of dietary ecolaggtable isotope analysis of blubber, skin or
muscle samples (Bearhop et al., 1993). The carlmohrétrogen isotope ratios°C/*“C and
15N/*N, expressed hereafter &8C ands'®N) of a consumer reflect those of its diet, withlight
retention of the heavier isotope and excretion hd tighter one (Das et al., 2003). As a
consequence, tissues will be enriched with heagtojes at every trophic level. The minor
stepwise trophic enrichment of the carbon-isotai® imits its use in assessing trophic levels,
but enhances its use in tracking carbon sourcesighra food chain. The carbon isotope ratio of
secondary and tertiary consumers should thus teéflecsource of carbon at the base of their food
chain (Kelly, 2000). The higher enrichment of thieagyen isotope ratio of consumers compared
to their prey makes it very useful for the deteration of their trophic level (Kelly, 2000). Thus,
both ratios help elucidate trophic relations anblitaé use.

Mayotte a volcanic island in the northern Mozambique Chéaifiseuthwest Indian Ocean), is
characterized by the permanent presence of more 2Baspecies of cetaceans (Kiszka et al.,

2007). Of these, the most important in coastal sagee the Indo-Pacific bottlenose dolphin,
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Tursiops aduncugEhremberg, 1833), the pan-tropical spotted dolpbienella attenuatéGray,
1846), the spinner dolphing. longirostris (Gray, 1828), and the melon-headed whale,
Peponocephala electrgGray, 1846) The island has a great variety of marine ecosystems
offering a large diversity of habitats: coasts, grames, an extended lagoon (1100 2km
different kinds of reefs (fringing, pinnacles, abdrrier), a steep insular slope with many
submarine canyons and seamounts, and the open (Qead et al., 2000)At least twelve
species of delphinidmay coexist in a fairly small area around the islandduse they exploit
neither the same habitats nor the same resourcezkéket al., 2007)The present study aimed to
investigate ecological niche segregation amongréstdent dolphin community of Mayotte,
especially the Indo-Pacific bottlenose dolphin, thentropical spotted dolphin, the spinner
dolphin and the melon-headed whale. We concent@tatiese four species as they are of fairly
similar size and can be found within the same pnityi around Mayotte, in closely-related
habitats within a small area and at all seasonsz¢éi et al., 2007). This is particularly so for the
two Stenellaspecies and the melon-headed whale which areediuntered immediately outside
the barrier-reef and in the channels, whereasiegifiterature suggests that they would be more
differentiated habitat-wise, with the spinner doipfeeding offshore but resting inshore, the
melon headed whale being an oceanic squid-eatertt@dndo-Pacific bottlenose dolphin
dwelling in nearshore coastal habitats (Norrislgt1®094; Silva et al., 2005; Perryman, 2002;
Wells and Scott, 2002). Two approaches were usethéostudy: a comparison of habitat by the
analysis of dolphin sighting data and associatdtheural and physiographic characteristics
(group size, depth, slope, distance to the coasipanximity to the different kinds of reefs), and
the study of habitat and resource partitioningh®ydnalysis of C and N stable isotopes from skin

and blubber biopsies.
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2. Material and M ethods

2.1 Study area

The volcanic island of Mayotte (45°10’'E, 12°50’8)ich is part of the Comoros archipelago, is
located in the northern Mozambique Channel (Indaean) between Madagascar and Southeast
Africa. Its surface area is 376 kmnd it is composed of two main islands and abouiskfs
scattered within and around a lagoon. Mayotte rsosmmded by a large lagoon-reef complex,
whose width varies from 3 to 15 km. Fringing regfsround the archipelago, an inner double-
reef is present off the south-west end of Mayaita] the barrier reef, which is interrupted by
numerous channels, separates the lagoon itselfifmaax depth 80 m) from the external slope
and more oceanic habitats.

The four species of interest, the Indo-Pacific leatise dolphin, the pantropical spotted dolphin,
the spinner dolphin, and the melon-headed whatger@n size from about 200 cm and 90 kg for
the spinner dolphin to 250 cm and 250 kg for thdoméeaded whale (Perrin, 2002a and b,

Perryman, 2002, Wells and Scott, 2002).

2.2 Data and sample collection

Data were collected from 1997 to 2005, during srhakt-based surveys dedicated to studying
marine mammals (Figure 1). Several types of bo&iewsed: a 7 m catamaran equipped with
two, four-stroke, 60-hp outboard engines; a 7 mt kewpuipped with two, two-stroke, 40-hp
outboard engines; a 6.4 m cabin boat equipped avitmboard four-stroke and 150-hp outboard
engine. Surveys were conducted during daylight $joue. between 0700 h and 1800 h, in sea
conditions not exceeding Beaufort 3. The surveyeissdid not follow pre-defined transects but
sampling covered all habitats within the lagoon amdr the external insular slope (Figure 1).

Effort varied according to month (Figure 2), witlora effort being applied in the austral summer
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(November to January). When dolphins were encoedtepreliminary information records
included group size (maximum, minimum, best est@patgeographic position, activity
(travelling, resting, foraging/feeding, socialisingilling, play), group classification on the basis
of the relative size of individuals (adults, suh#s] calves), research boat disturbance (bowride,
approach, avoidance, no response) as well as doooption (tight, loose, dispersed, variable,
convergent; Shane, 1990; Wirsig et al., 1998). $tusly is still on-going and, therefore, only
the sighting locations and associated physiograydni@bles are analysed here.

When conditions were optimal (good weather and sdate, dolphins closely approaching the
boat), biopsies were collected using a cross-bBARNETT Veloci-Spe@dClasg with Finn
Larsen bolts and tips (20-mm). The dolphins wetebkiow the dorsal fin, when close (3-10
meters) to the research boat. Sampling periodshgoall seasons but sample sizes did not allow
seasonal comparisons (January, August and Deceimb&r aduncusN=4; January, February,
March and October fdB. attenuataN=4; February, March, May and October &rlongirostris
N=5; March, July and December fBr electra N=4). It was not possible to determine sex, size
or age of the individuals biopsied. Blubber anchdkibpsy samples were preserved separately in
90° ethanol before shipping and subsequent anal@sipsy sampling was conducted under

scientific permit #78/DAF/2004.

2.3 Database

We constituted a database in which every dolphisepkation was associated with the
physiographic characteristics (distance to the tcdasthe different reefs and to the closest
channel, as well as depth and slope of seafloor thedvariance of these two parameters)
corresponding to the GPS (Global Positioning Syyfems of the observation. The distance data

were obtained using GIS (Geographic Informationt&w$ software ArcView (ArcGIS 8.2) by
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ESRI (Environmental Systems Research Institute)hyaetric data were obtained fro8ervice
Hydrographique et Océanographique de la Mar{@HOM). Interpolation of bathymetry data,
needed to generate depth and slope data for egltingl, was undertaken with the extension
Spatial Analyst by kriging transformation of thester file into an interpolated data file. This was
obtained by calculating the mean value of the tevgdwints closest to every bathymetric point in
a 1 knf grid. This interpolated data file thus allowed agjenerate depth and slope data over the
whole study area and therefore to associate batinyrdata to any dolphin observation in the

area.

2.4 Data analysis

The environmental data were first compared betwspeacies using basic methods (non-
parametric analyses and ANOVA). Then we used naiitie statistical methods including

discriminant linear and quadratic analyses to eranfiow well sightings were assigned to the
correct species from the combination of associgtegsiographic variables. All methods were

implemented with the software R (R-2.2.1, R Deveilept Core Team, 2005).

2.5 Stable isotope analyses

Blubber and skin were separated for each biopsg. €éfhanol they contained was evaporated at
45°C over 48 h and the samples were ground anderéged (Hobson et al., 1997). Lipids were
extracted using cyclohexaneglG,) prior to analysis because they are depléiedC; if they
were not extracted, this would cause a bias insbpic signature of'C (De Niro and Epstein,
1978; Tieszen et al., 1983). Small sub-samplesh(th3.45 mg +0.001 mg) were prepared for
analysis. Stable isotope measurements were perfowite a continuous-flow isotope-ratio mass

spectrometer (Isoprime, Micromass) coupled to amehtal analyser (Eurovector EA 3024).
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Results are expresseddmotation relative to PeeDee Belemnite and atma#phie for §**C and
8N, respectively, according to the equat®= [(RsampidRstandard — 1] X 10°, where X is"C or

>N and R is the isotope rattdC/**C or>N/**N, respectively. Replicate measurements of internal
laboratory standards (acetanilide) indicated thaasnrement errors were <0.15%0 and <0.20%o
for 53*°C and3™N, respectively. Percent C and N elemental comjoosiif tissues were obtained
using the elemental analyzer and used to calcthatesample C:N ratio, indicating a good lipid

removal efficiency when <4.

3. Resaults

3.1 General

Our cetacean sightings comprised 394 positiona ftatS. longirostris(n = 208),S. attenuatdn

= 88),T. aduncugn = 83) andP. electra(n = 15) in all sectors around Mayotte (Figure 2) afid
seasons (Figure 3). Indo-Pacific bottlenose werstimdound within the lagoon, very often in
the immediate proximity of the fringing reef, armld lesser extent over the North West bank
located outside the main barrier reef. The 8tenellaspecies were observed all along the barrier
reef on its outer side and made only a few incmsioto the lagoon. Finally, the melon-headed

whale was only seen outside the barrier reef.

3.2 Habitat use and niche partitioning
A preliminary Principal Component Analysis (PCA plat shown) allowed us to select group
size, distance to coast, depth and slope as theofsghysiographic variables with least

redundancy. Distances to the various reefs andh@éonearest channel were heavily redundant



213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

relative to distance from coast and therefore etatined. A simple comparison of the distribution
of these variables for the four focal species werfopmed using Kruskall-Wallis tests (Figure 4).
T. aduncugs observed at short distances from the coast stillow bathymetry and moderate
slopes, whereas the other three species cannogmécantly differentiated in terms of habitat
characteristics. In particular, the tvenellaspecies manifested similar characteristics in jgrou
size and environmental preferences. On the othed,hgroup size differed strongly betwe€n
aduncusthat lives in small groups (median = 6) dhdelectrathat is mostly found in groups of
several hundred individuals (median = 300).

Linear discriminant analysis separated the speaesording to their environmental
characteristics (Figure 5). The predictive powethef linear discriminant analysis was good only
for T. aduncusvhich can be explained by its habitat preferendable 1, upper part). The other
species’ habitat characteristics were too simitarpermit acceptable predictions. The good
prediction forS. longirostrismight be attributable only to the considerable hamof sighting
data for this species. Finally, the quadratic dsigrant analysis provided slightly better
predictive results, especially fér. electra(Table 1, lower part).

The different methods used to compare the prefdraditats of the four delphinid species under
study all clearly showed thaf. aduncusdiffers from the other species in its preferred
environmental parametersS. attenuataand S longirostris share similar environmental
characteristicsP. electrais characterised by a larger group size and desgyeth preference, but
resemblesStenellain terms of the majority of its other environmenpaéferences (distance and

slope).

3.3 Resource partitioning

10



236 Stable isotope ratios were lower in blubber thaskim but the pattern of differences observed
237 between species was similar in both tissues (Figur&kin and blubber of. aduncusave the
238 highest values 0§*3C. The twoStenellaspecies are not discernable from each other asrshy
239 the extensive overlap in standard deviation fohB&tN ands**C, and have the lowest values for
240 §%C.P. electrahas the highest®N and a5**C values that are intermediate between those éor th
241 two Stenellaspecies and. aduncusThe intra-specific variance is represented bystamdard
242 deviation, which is more important for tB&°C values than for th&"N, except in the blubber
243 samples off. aduncusvhere intra-specific variance in th€N is prevalent.

244

245 4. Discussion

246

247 The present study comprises a preliminary analg$idiabitat and resource use among an
248 assemblage of co-existing tropical delphinids kyiaround Mayotte in the southwest Indian
249 Ocean. The principal finding is that, among therfapecies of interest, the Indo-Pacific
250 bottlenose dolphin is clearly differentiated frometother species in terms of both habitat
251 preference and stable isotope analyses. From tiehles tested here, the other three species can
252 hardly be separated in terms of their preferreditatsbbut stable isotope analysis revealed a
253 dietary segregation between the melon-headed vamalethe two species of the geriignella
254  This was not initially evident in the sighting daraalyses that described the dolphins’ diurnal
255 use of habitats. However, some limitations rendwesé findings preliminary. The sightings
256 constituted presence-only data as the observafifont €ould not be readily quantified and,
257 hence, the data cannot provide significant inforamatoncerning dolphin absence. In this work,
258 we tried to characterise the habitats where dotphiere found, not assess the overall distribution

259 of each species around the island. Neverthelessfidld surveys comprehensively covered the
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study area such that all habitats were visitedthedsighting data of the four focal species were

considered representative of their habitat prefsgen

The Indo-Pacific bottlenose dolphifursiops aduncysoccupies an ecological niche that clearly
differs from those occupied by the other study msed. aduncusvas observed only inside the
lagoon except in the northern part of the islané&retthe reef system is in the form of an open
bank outside the lagoon. This species is geneffallywd close to the fringing reef which
constitutes the ecosystem where prey of this cbdstphin may be concentrated. The hi&fic
value in its tissues indicates a benthic carbonmcsothat dolphins more easily access in coastal
habitats (Hobson, 1999). This species has indeed bbserved feeding near mangroves, along
the fringing reefs or over seagrass beds. Its Botsignature 06™N is similar to that of the two
Stenella but this cannot be interpreted as an indicatiwsirilar trophic levels as th&°N values

of the local primary producergersusthose outside the lagoon have not been investigatéhis
stage.

T. aduncusives and forages individually or in small groupside the lagoon, where the water is
shallow and large predators are absent, and prpli@btls on prey that would not aggregate in
large schools (Mann et al., 2000). Indo-Pacifictleabse dolphins forage over reefs or soft
bottom substrata and near the shore relativelyedioghe island of Mayotte and around Zanzibar
(Tanzania) (Amir et al., 2005).

The pantropical spotted dolphin and the spinnepldal share a barrier reef-associated habitat
outside the lagoon. They are also found where ttemdepth rapidly attains a depth of 100 m.
In comparison to the Indo-Pacific bottlenose datphireir tissues had a low&r’C , suggesting it

was derived from an oceanic carbon source; ocedmjtplankton is reported to B&-depleted
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relative to marine phanerogams (Hobson, 1999). rTisaitopic ratios suggested their diet
comprised oceanic prey.

S. attenuatandsS. longirostriscan occasionally be observed inside the lagoomrrentiey might
take advantage of the safety it provides for rgstirhis kind of behaviour has been observed in
Hawaiian spinner dolphin populations (Norris et d994).S. longirostrisgenerally lives in
single-species groups from several dozens to deliaradreds of individuals, e.g. around the
main Hawali'i island (Norris et al., 1994). Theirgaggation in large groups might offer some
protection against predators but it might alsolitate feeding through communal hunting on
large pelagic fish schools. In the present w&kattenuatavas rarely observed in single-species
groups but was generally found in association @thongirostris forming important mixed-
species groups. Both speciegyht take advantage of a larger group size fogtgadnd foraging.
Nevertheless, a large group size increases thatmdtéor intra-specific competition as well as
inter-specific competition if the two species faedether. A study in the southwest Atlantic has
shown that distributions of spotted dolphins anidrsgr dolphins may partially overlap (Moreno
et al.,, 2005). Associations of spotted dolphins apthner dolphins are frequently found in
Hawali'i, where the two species travel together wishowing many aggressive interactions, but
they do not seem to feed together (Psarakos e2@03). Conversely, in the Azores, common
dolphins, Delphinus delphisand Atlantic spotted dolphin§tenella frontalis associate and
forage together (Clua and Grosvalet, 2001). Asattenuataand S. longirostrishave similar
habitat preferences and similar isotopic signatubegh for carbon and nitrogen, there is no
evidence of ecological niche differentiation in shetwo species. Two options could be
investigated in the future: either the two dolphéihgre the same resources in the same habitats,

presumably because food is not limiting there, leyt segregate when feeding on different
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resources but their prey have similar isotopic aigres because they rely on the same carbon
source at the same trophic level.

The melon-headed whalBgponocephala electrgprefers steep slopes and slightly deeper water
than the twoStenellaspecies.Peponocephala electréorms large groups of several hundred
individuals. As it was always observed in a habikatt overlaps with that of the spinner and
spotted dolphins, analysis of its habitat charasties failed to distinguish between it and the two
Stenellaspecies. This might be due to the fact that makeaded whalsightings were only made
on groups that occasionally approached the islaadhe surveys were conducted in a limited
area around Mayotte and groups living farther affehin the open ocean would not have been
observed. In this case, our understanding of teéemed habitat of this species remains marginal,
being limited to its nearshore fringe. Stable ipet@nalysis, on the other hand, clearly showed
that there is an ecological differentiation betw@erelectraand the twdStenellaspecies. Values

of 8*%C for P. electras were intermediate between those of $tenellaspecies and. aduncus
This would suggest that carbon isotopic compositibR. electrais influenced more by benthic
primary production than that of the t&tenellaspeciesPeponocephala electia known for its
oceanic habitat (Perryman, 2002), and possiblegregations for it$*°C include the possibility
that it is a deep-diving species that feeds on pexywed from a detritus-based food web unlike
the Stenellathat feed on a phytoplankton-based food web. thtiaah, P. electraclearly differs in

its 5'°N, this being indicative of a higher trophic levaluggesting its diet includes more
carnivorous fish and squid than the spotted andngpidolphins. Again, as i. aduncusall
sources of primary production should be investigatencerning theirs™>N to adequately

interpret the trophic levels.
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If there is high inter-individual variance in thé&°N (versuss*>C) values within a species, the
interpretation is that the species is composedaividuals that have varied feeding habits and
prey on organisms at different trophic leve${) or are found in different habitats{C). A

low variance indicates that all the individuals apecialist feeders on similar prey or within the
same habitat. Thus, stable isotope variance is thoie® considered a measure of niche width
(Bearhop et al., 2004) or at least the inter-irglindl measure of niche width. Results of our stable
isotope analysis indicate thBt electrais a fairly specialized feeder, where@s attenuataS.
longirostrisand especiallyr. aduncusvould be more eclectic feeders, which, in the tattse, is

in line with previous studies (Mann et al., 2000).

Detectable differences between the standard demmin the stable isotope composition in the
skin and blubber samples might be attributablehtor tdifferential rates in tissue renewal: this
takes a few days for epidermis but several morghshie collagen matrix of the blubber (Abend
and Smith, 1995). The residence time of elementssues depends on metabolic turnover rates
(Rubenstein and Hobson, 2004). This enables trgckih an animal’s foraging history as
demonstrated by a study on pilot whal€opicephala melgsin the North Atlantic (Abend and
Smith, 1995).T. aduncusand the twoStenellaspecies clearly differ in the respective isotopic
carbon signatures in their skin and blubber, indhcathat they feed on trophic webs with
different carbon sources over the long term.

Each species’ habitat preference is presumablydbaseheir prey distributions (Baumgartner et
al., 2000) which, in turn, are related to water tHefHastie et al., 2005and, indirectly,
bathymetric features that influence currents amdlypetivity (Fiedler, 2002). Foraging behaviour
seems to be closely related to submarine habitatacteristics (Hastie et al., 200&)has been

demonstrated that a variable bathymetry contribtdeglobal delphinid abundance, promoting
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the regional abundance of different species (Gan2i@05). The rich marine biodiversity of
Mayotte is possibly related to its variety of hatstand these provide numerous ecological niches

for delphinid prey.

5. Conclusions

The present study provides preliminary ecologicadigations of niche differentiation and
resource partitioning within the Mayotte delphirmdmmunities. The only species that differs
from the others in terms of habitat characteriscthe coastal-dwelling Indo-Pacific bottlenose
dolphin, whereas pantropical spotted and spinngphtlts and the melon-headed whale share
similar oceanic habitats immediately outside thgota. Stable isotope analysis confirmed the
ecological specialisation df. aduncusand, in addition to this, revealed a clear segregaf P.
electrg from to the twoStenellaspecies in terms of their feeding that was notaagnut in the
habitat analysis. This may reflect behaviouralat#ghces that were not detectable from diurnal
surface observations. Further work should stremgttieese conclusions through dedicated
sampling of habitat preference and an expansidheo$table isotope studies. These should focus
on seasonal changes in food partitioning and thi®psc composition of a series of putative prey
species and primary producers characteristic ofirtekore-offshore gradient of habitats found

around Mayotte.
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Figure captions

Figure 1. Location of the study area and observation rofites July 2004 to August 2005.
Isobath (left) and GPS tracks of sighting surveygh() are shown around Mayotte Island with
barrier reef.

Figure 2: General locations of delphinid sightings arounayitte and its reefs.

Figure 3: Temporal distribution of effort expressed as nambf sightings per three-month
period.

Figure 4: Delphinid sighting median values, 50, 75 perdestand outliers of (a) group size, (b)
distance to the coast, (c) depth and (d) seafltapes Kruskal Wallis tests showed that
aduncuddiffered significantly in all cases witltvalues <10.

Figure 5: Sighting density for melon-headed whale (dotted)| pan-tropical spotted (black
line), spinner (dashed line) and Indo-Pacific lewttise dolphin (dashed and dotted line) along the
first discriminant axis.

Figure 6: Stable isotope3{*C ands'>N in %0) values in delphinid blubber (right-hanggh)

and skin (left-hand graph). Graphs show averaggegadnd standard deviations. Black squares
represens. longirostris(N=5), whites squareS. attenuatgdN=4), black diamond$. aduncus

(N=4) and white diamondB. electra(N=4).
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Table 1: Discriminant analysis: linear and quadratic pcadns for the four species. Each

sighting was assigned to one of the four studyisgean the basis of its associated physiographic

characteristics. Only. aduncuslata were correctly assigned to the right spegheeas all

others were mostly assigned3olongirostrisas they all share similar habitat characteristics.

Linear discriminant analysis

Peponocephala electra

Stenella attenuata

Stenella longirostris

Tursiops aduncus

P. electra 2 3 5 0
S. attenuata 1 3 1 2
S. longirostris 12 79 194 19
T. aduncus 0 2 8 62
Good prediction 14% 3% 93% 77%
Quadratic discriminant analysis

Peponocephala electra Stenella attenuata Stetmiigirostris Tursiops aduncus
P. electra 11 4 4 0
S. attenuata 1 18 18 1
S. longirostris 3 46 131 4
T. aduncus 0 19 55 78

Good prediction 79%

20%

63%

96%
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