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INTRODUCTION

Remote oceanic islands are generally characterized by large biodiversity and abundance of marine species, including sharks that can be found in high density [START_REF] Ferretti | Shark baselines and the conservation role of remote coral reef ecosystems[END_REF][START_REF] Fourriére | Reef fish structure assemblages in oceanic islands of the eastern tropical Pacific: Revillagigedo Archipelago and Clipperton atoll[END_REF][START_REF] Mourier | Extreme Inverted Trophic Pyramid of Reef Sharks Supported by Spawning Groupers[END_REF]. In the eastern tropical Pacific (ETP), the Revillagigedo Archipelago and Clipperton Atoll (Figure 1) are home to diverse marine species, some of which are endemic [START_REF] Fourriére | Checklist and analysis of completeness of the reef fish fauna of the Revillagigedo Archipelago, Mexico[END_REF][START_REF] Friedlander | Marine biodiversity from zero to a thousand meters at Clipperton Atoll (Île de La Passion)[END_REF]. For instance, Revillagigedo is considered a hot spot for the observation of oceanic manta rays Manta birostris (Stewart et al., 2016a(Stewart et al., , 2016b) ) and Clipperton is supposed to be an important stepping stone for dispersal of marine organisms in the eastern Pacific [START_REF] Friedlander | Marine biodiversity from zero to a thousand meters at Clipperton Atoll (Île de La Passion)[END_REF][START_REF] Ketchum | Taxonomy and distribution of the hermatypic corals (Scleractinia) of the Revillagigedo Archipelago, Mexico[END_REF][START_REF] Romero-Torres | The Eastern Tropical Pacific coral population connectivity and the role of the Eastern Pacific Barrier[END_REF]. In order to protect these unique ecosystems from anthropogenic pressures such as industrial fishing, a no-take marine reserve of 12 nautical miles around Clipperton was created in 2016 while Revillagigedo was added to UNESCO world heritage sites (UNESCO, 2016) and became North America's largest marine reserve in 2017, at nearly 150,000 square kilometers (MPAtlas, 2017). The two marine protected areas (MPAs) are located off the coast of Mexico (644 km for Revillagigedo and 1,280 km for Clipperton) and present different site characteristics.

While the Revillagigedo Archipelago is composed of four volcanic islands (Socorro, Clarion, San Benedicto and Roca Partida), which can be up to 400 km apart, Clipperton is constituted of a single atoll enclosing a lagoon without connection with the ocean. Recently, trophic structure and composition of reef fish assemblages from Revillagigedo and Clipperton MPAs have been evaluated [START_REF] Fourriére | Reef fish structure assemblages in oceanic islands of the eastern tropical Pacific: Revillagigedo Archipelago and Clipperton atoll[END_REF]. Despite ecological redundancy, differences were found between communities such as higher trophic level variability in Revillagigedo and the presence of endemic species in Clipperton. These ecosystem features may imply different trophic inputs for predators inhabiting both areas which may forage on different prey.

The silvertip (ST) shark Carcharhinus albimarginatus is one of the most abundant predator species found in both MPAs in the ETP [START_REF] Allen | An annotated checklist of the fishes of Clipperton Atoll, tropical eastern Pacific[END_REF][START_REF] Lara-Lizardi | Distribution patterns of sharks in the Revillagigedo archipelago and their connectivity in the eastern tropical Pacific[END_REF]. This is a large slow-growing shark, from 0.63-0.68 m in total length (TL) at birth to a maximum body size of 3 m TL. Males mature between 1.6-1.8 m TL and females between 1.6-2.0 m TL [START_REF] Compagno | Sharks of the world[END_REF]. This species is widely distributed throughout the tropical Indian and Pacific Oceans, but showing a patchy distribution and population fragmentation due to minimal dispersion [START_REF] Ebert | SHARKS OF THE WORLD: a fully illustrated guide[END_REF]. ST sharks inhabit continental or insular shelves and recent studies have shown small-scale movements between multiple coral reefs within the same area [START_REF] Bond | Vertical and horizontal movements of a silvertip shark (Carcharhinus albimarginatus) in the Fijian archipelago[END_REF][START_REF] Carlisle | Estimating Space Use of Mobile Fishes in a Large Marine Protected Area With Methodological Considerations in Acoustic Array Design[END_REF][START_REF] Espinoza | Movement patterns of silvertip sharks (Carcharhinus albimarginatus) on coral reefs[END_REF]. This reef-associated behavior potentially prevents them from being caught as commercial tuna fisheries bycatch, but this species can be targeted in subsistence and artisanal fisheries [START_REF] White | Catch composition and reproductive biology of whaler sharks (Carcharhiniformes: Carcharhinidae) caught by fisheries in Indonesia[END_REF]. Consequently, Silvertip shark population in the remote Chagos archipelago (Indian Ocean) has been estimated to be only at 7% of its baseline level, mostly due to illegal fishing [START_REF] Ferretti | Shark baselines and the conservation role of remote coral reef ecosystems[END_REF]. Despite limited excursions outside the large Chagos MPA (Carlisle et al., 2019), ST sharks were characterized by feeding on both pelagic and reef sources [START_REF] Curnick | Evidence for dynamic resource partitioning between two sympatric reef shark species within the British Indian Ocean Territory[END_REF].

Stable isotope analyzes have been extensively used to track the foraging habitat of sharks species [START_REF] Bird | A global perspective on the trophic geography of sharks[END_REF][START_REF] Carlisle | Using Stable Isotope Analysis to Understand the Migration and Trophic Ecology of Northeastern Pacific White Sharks (Carcharodon carcharias)[END_REF][START_REF] Young | The trophodynamics of marine top predators: Current knowledge, recent advances and challenges[END_REF]. Stable isotopes of nitrogen (δ 15 N) are known to vary spatially according to varying nitrogen sources at the base of marine food webs [START_REF] Michener | Stable Isotopes in Ecology and Environmental Science[END_REF][START_REF] Olson | Food-web inferences of stable isotope spatial patterns in copepods and yellowfin tuna in the pelagic eastern Pacific Ocean[END_REF]. Moreover, as δ 15 N increases predictably between prey and consumers, this tracer has been commonly used as a proxy of relative or absolute (i.e. taking into account ecosystem isotopic baselines) trophic position [START_REF] Cherel | Stable isotopes reveal the trophic position and mesopelagic fish diet of female southern elephant seals breeding on the Kerguelen Islands[END_REF][START_REF] Hussey | Expanded trophic complexity among large sharks[END_REF][START_REF] Lorrain | Nitrogen isotopic baselines and implications for estimating foraging habitat and trophic position of yellowfin tuna in the Indian and Pacific Oceans[END_REF]. On the other hand, primary producers display characteristic carbon isotope signatures (δ 13 C), due to the different carbon sources and / or metabolic pathways used during photosynthesis [START_REF] Fry | δ13C Measurements as Indicators of Carbon Flow in Marine and Freshwater Ecosystems[END_REF]. Thus, δ 13 C allows to discriminate marine food webs based on different primary producers and thereby to characterize the feeding habitat of consumers [START_REF] Croizier | Stable isotope analyses revealed the influence of foraging habitat on mercury accumulation in tropical coastal marine fish[END_REF][START_REF] Mcmahon | Tracing carbon flow through coral reef food webs using a compound-specific stable isotope approach[END_REF]. Overall, the combination of both δ 15 N and δ 13 C constitutes a relevant proxy of the trophic niche, allowing the evaluation of the feeding overlap between predator populations or species [START_REF] Giménez | Intra-and interspecific niche partitioning in striped and common dolphins inhabiting the southwestern Mediterranean Sea[END_REF][START_REF] Trystram | Feeding patterns of two sympatric shark predators in coastal ecosystems of an oceanic island[END_REF].

Diet is considered as the main exposure pathway to mercury (Hg) for marine organisms [START_REF] Wang | Bioaccumulation kinetics and exposure pathways of inorganic mercury and methylmercury in a marine fish, the sweetlips Plectorhinchus gibbosus[END_REF]. This global pollutant, present as a gaseous element in the atmosphere, can be deposited far from emission sources. Combined with the aquatic transport of Hg by rivers and ocean currents, this can lead to the Hg exposure of remote areas without nearby anthropogenic influence [START_REF] Driscoll | Mercury as a Global Pollutant: Sources, Pathways, and Effects[END_REF]. In marine ecosystems, Hg can be converted by microorganisms into organic monomethylmercury (MMHg) [START_REF] Gilmour | Mercury Methylation by Novel Microorganisms from New Environments[END_REF][START_REF] Podar | Global prevalence and distribution of genes and microorganisms involved in mercury methylation[END_REF] before being assimilated by phytoplankton and transferred along trophic webs. The bioaccumulation (i.e. increase in contaminant over time) and biomagnification (i.e. increase in contaminant with trophic position) properties of MMHg generally lead to high levels of this potent neurotoxin in top-predators (Le [START_REF] Bourg | Effect of body length, trophic position and habitat use on mercury concentrations of sharks from contrasted ecosystems in the southwestern Indian Ocean[END_REF][START_REF] Mckinney | Global versus local causes and health implications of high mercury concentrations in sharks from the east coast of South Africa[END_REF]. MMHg basal concentrations can vary between marine habitats due to several biotic and abiotic factors such as deposition rate of atmospheric Hg [START_REF] Gworek | Mercury in Marine and Oceanic Waters-a Review[END_REF], variations in methylation and demethylation rates [START_REF] Munson | Dynamic mercury methylation and demethylation in oligotrophic marine water[END_REF], ecosystem productivity [START_REF] Chouvelon | Oligotrophy as a major driver of mercury bioaccumulation in medium-to high-trophic level consumers: A marine ecosystemcomparative study[END_REF] as well as density and composition of phytoplankton communities [START_REF] Chen | High Plankton Densities Reduce Mercury Biomagnification[END_REF][START_REF] Heimbürger | Methyl mercury distributions in relation to the presence of nano-and picophytoplankton in an oceanic water column (Ligurian Sea, North-western Mediterranean)[END_REF]. Thereby, in addition to the influence of trophic level, MMHg exposure in marine consumers is closely linked to their foraging habitat (Le [START_REF] Bourg | Effect of body length, trophic position and habitat use on mercury concentrations of sharks from contrasted ecosystems in the southwestern Indian Ocean[END_REF][START_REF] Croizier | Stable isotope analyses revealed the influence of foraging habitat on mercury accumulation in tropical coastal marine fish[END_REF].

Various types of shark tissues have been used for ecological tracers analyzes, providing different time integration according to tissue turnover rate, from few months (plasma and liver) to approximately one year (muscle) (Sora Lee Kim et al., 2012;[START_REF] Malpica-Cruz | Tissue-specific isotope trophic discrimination factors and turnover rates in a marine elasmobranch: empirical and modeling results[END_REF]. Generally sampled for genetic analyzes, fin clips have recently been employed in stable isotope and fatty acid analyses in sharks [START_REF] Every | Comparison of fin and muscle tissues for analysis of signature fatty acids in tropical euryhaline sharks[END_REF][START_REF] Rangel | Resource partitioning between two young-of-year cownose rays Rhinoptera bonasus and R. brasiliensis within a communal nursery inferred by trophic biomarkers[END_REF], revealing feeding habits and habitat use over long periods of time (i.e. more than a year) [START_REF] Malpica-Cruz | Tissue-specific isotope trophic discrimination factors and turnover rates in a marine elasmobranch: empirical and modeling results[END_REF]. Similarly, Hg concentrations in fins were strongly correlated to Hg levels in other tissues such as liver and muscle, thus representing a minimally invasive method for estimating Hg contamination [START_REF] O'bryhim | Relationships of mercury concentrations across tissue types, muscle regions and fins for two shark species[END_REF].

In the present study, we analyzed carbon and nitrogen stable isotopes together with total Hg concentrations ([THg]) in fin clips of ST sharks from the Revillagigedo Archipelago and Clipperton atoll, where to date there is no data on Hg levels in both benthic and pelagic marine organisms. The objectives of this study were to evaluate the influence of site-specific trophic structure and habitat features on the feeding niche and Hg concentrations of resident top predators in these oceanic MPAs. Specifically, we sought to determine whether the higher trophic level diversity previously found in the fish assemblage at Revillagigedo resulted in greater variability in trophic levels and Hg concentrations in ST sharks than those present at Clipperton. Silvertips being one of the most abundant shark species in these remote reef ecosystems.

MATERIALS AND METHODS

Sampling

Juvenile ST sharks were captured in the Revillagigedo Archipelago (from 2006 to 2016, n=26) and Clipperton Atoll (2017, n=28) using hook and line (Figure 1). Biometric data (e.g. total length [TL], sex) was recorded and a fin clip sample was taken from the free rear tip of the second dorsal fin for each individual. All sharks were immature [START_REF] Compagno | Sharks of the world[END_REF], ranging from 0.69 to 1.52 m TL in Revillagigedo and from 0.7 to 0.97 m TL in Clipperton, which corresponds to young-of-the-year to 5-year-old sharks [START_REF] Smart | Life history of the silvertip shark Carcharhinus albimarginatus from Papua New Guinea[END_REF]. Tissue samples were immediately transferred to a -20 °C freezer onboard the boat. Once at the laboratory, entire (i.e. including skin, subdermal tissue and cartilage) fin clip samples (~1 cm) were lyophilized and homogenized.

Total Hg concentration

As total Hg (THg) is strongly correlated with monomethylmercury (MMHg) in fish tissues including shark fins [START_REF] Nalluri | Methylmercury in dried shark fins and shark fin soup from American restaurants[END_REF], THg was used as a proxy of MMHg concentrations in silvertip shark tissues. THg determination was carried out on an aliquot (around 10 mg) of sample powder by combustion, amalgamation and atomic absorption spectrophotometry detection using a DMA80 analyzer (Milestone, USA). Total mercury concentrations ([THg]) in samples are expressed on a wet weight basis (ng•g -1 ww) by applying a correction factor of 0.25 to the dry weight (dw) values, based on previous information on shark fins [START_REF] Clarke | Understanding pressures on fishery resources through trade statistics: a pilot study of four products in the Chinese dried seafood market[END_REF]. The accuracy and reproducibility of the method were established using a freeze-dried certified biological material (lobster hepatopancreas; TORT 3, NRCC). The certified values for TORT 3 (0.292 ± 0.022 μg•g -1 dw) were reproduced (measured value: 0.286 ± 0.024 μg•g -1 dw) within the confidence limits. The detection limit was 0.005 μg•g -1 dw.

C and N isotopes

Before isotope analyzes, urea and lipid extractions were applied on powdered samples according to [START_REF] Li | Urea and lipid extraction treatment effects on δ15N and δ13C values in pelagic sharks[END_REF]. Briefly, for urea removal, each sample was vortexed in deionized water for 1 min and soaked for 24 h at room temperature. Each sample was then centrifuged for 5 min and the water removed with a medical syringe. This process was repeated three times before the samples were dried again using a Genevac centrifugal evaporator. For lipid extraction, each urea-free sample was soaked in a 2:1 chloroform/methanol mixture, vortexed for 1 min, left overnight at room temperature, centrifuged for 10 min and decanted. This process was also repeated three times and the samples re-dried to eliminate excess solvent.

Approximately 350 μg of sample powder was then weighed in tin capsules for isotopic analysis. The samples were analyzed by continuous flow on a Thermo Scientific Flash EA 2000 elemental analyzer coupled to a Delta V Plus mass spectrometer at the Pôle Spectrométrie Océan (Plouzané, France). Results are expressed in standard δ notation based on international standards (Vienna Pee Dee Belemnite for δ 13 C and atmospheric nitrogen for δ 15 N) following the equation δ 13 C or δ 15 N = [(Rsample / Rstandard) - 1] × 10 3 (in ‰), where R is 13 C/ 12 C or 15 N/ 14 N. International isotopic standards of known δ 15 N and δ 13 C were analyzed: IAEA-600 Caffeine, IAEA-CH-6 Sucrose, IAEA-N-1 and IAEA-N-2 Ammonium Sulphate. A home standard (Thermo Acetanilide) was used for experimental precision (based on the standard deviation of the replicates of the internal standard) and indicated an analytical precision of ± 0.11‰ for δ 13 C and ± 0.07‰ for δ 15 N. C:N ratios were comprised between 2.8 and 3 (Table 1), in accordance with previous results obtained on various shark species following urea and lipid extraction [START_REF] Li | Urea and lipid extraction treatment effects on δ15N and δ13C values in pelagic sharks[END_REF].

Data treatment

δ 15 N baselines for the Revillagigedo Archipelago and Clipperton Atoll (i.e. 10.5‰ and 9‰, respectively) were obtained using estimated δ 15 N values of omnivorous copepods in the area [START_REF] Olson | Food-web inferences of stable isotope spatial patterns in copepods and yellowfin tuna in the pelagic eastern Pacific Ocean[END_REF]. Discrimination factor (i.e. Δ 15 N: difference in δ 15 N between a consumer and its prey) is variable between shark species (e.g. from 2.1 to 4.0% in muscle) [START_REF] Hoen | Amino acid 15N trophic enrichment factors of four large carnivorous fishes[END_REF] and is unknown for fin tissue. We thus calculated for each site the isotopic distance between ST sharks and the copepod-baseline (Δ 15 NST-COP = δ 15 NST -δ 15 NCOP) rather than their absolute trophic position. This baseline-to-predator difference is considered as a proxy of the predator trophic position. For site comparisons, data was first checked for normality (Shapiro-Wilks test) and homogeneity of variances (Bartlett's test). When these conditions were met, one-way ANOVAs were performed to test for differences between sites.

Otherwise, non-parametric analogues were used, i.e. Kruskal-Wallis tests (KW). Depending on data distribution (Shapiro-Wilks test), Pearson or Spearman correlation tests were applied to investigate the correlation between variables (total length, THg, δ 15 N and δ 13 C).

Standard ellipse areas encompassing 95% of the data (SEAB, Bayesian SEA) were performed using the package "SIBER" based on δ 13 C and δ 15 N, to quantify the niche width and overlap between the two sites [START_REF] Jackson | Comparing isotopic niche widths among and within communities: SIBER -Stable Isotope Bayesian Ellipses in R[END_REF]. The SEAB constitutes a proxy of the feeding niche occupied by sharks in one site while the overlap between SEAB quantifies the trophic overlap between shark populations. The SEAB overlap is expressed as a proportion of the non-overlapping area of the two ellipses.

Layman's metrics [START_REF] Layman | CAN STABLE ISOTOPE RATIOS PROVIDE FOR COMMUNITY-WIDE MEASURES OF TROPHIC STRUCTURE[END_REF] were calculated to compare isotopic niche between sites using the package "SIAR" [START_REF] Parnell | Source Partitioning Using Stable Isotopes: Coping with Too Much Variation[END_REF]. The mean distance to centroid (CD) describes the average degree of trophic diversity, considering the trophic-level diversity (δ 15 N range) and the organic matter source diversity (δ 13 C range) diversities. The nearest neighbour distance (NND) measures the mean trophic similarity between individuals and the total area (TA) represents the niche space encompassing all individuals in the population.

With THg, δ 15 N and δ 13 C values, the "nicheROVER" package was used for defining niche region (NR) and niche overlap (NO) between sharks from the two sites [START_REF] Swanson | A new probabilistic method for quantifying n-dimensional ecological niches and niche overlap[END_REF]. NR was defined as the 95% probability region in multivariate space, while NO is calculated as the probability that an individual from site 1 is found in the NR of site 2.

Overlap uncertainty was accounted for by performing 1000 elliptical projections of NR through Bayesian statistics.

All statistical analyses were performed using the open source software R (version 3.6.1, R Core Team, 2019).

RESULTS

Site comparison

We found that absolute δ 15 N was higher (p < 0.001) in ST sharks from Revillagigedo (δ 15 N= 15.40 ± 0.57‰) compared to Clipperton (δ 15 N= 13.92 ± 0.36‰) (Table 1, Figure 2A), but isotopic distance of sharks compared to the copepod-baseline (Δ 15 NST-COP) was similar between sites (p > 0.05) (Table 1). Conversely, δ 13 C was significantly higher (p < 0.001) in ST sharks from Clipperton (δ 13 C= -14.02 ± 0.44‰) compared to Revillagigedo (δ 13 C= -14.69 ± 0.47‰) (Table 1, Figure 2B). Mercury concentrations did not vary spatially, since THg was similar (p > 0.05) in ST sharks from Clipperton (THg= 63 ± 48 μg•g -1 ww) and Revillagigedo (THg= 56 ± 32 μg•g -1 ww) (Table 1, Figure 2C).

Correlations between variables

Regarding associations between tracers, nitrogen (δ 15 N) and carbon (δ 13 C) stable isotopes were negatively correlated in Revillagigedo (R² = 0.45; p < 0.001) while no correlation was found between these variables in Clipperton (p > 0.05) (Figure 3). Although total length was higher in Revillagigedo than in Clipperton (p < 0.01) (Table 1), no influence of shark size was detected on the different tracers since δ 15 N, δ 13 C and THg were not correlated to total length in either site (p > 0.05). Isotopic tracers did not explain Hg concentrations since THg was not correlated with δ 15 N or δ 13 C for any of the shark populations.

Isotopic niches

Both shark populations (Revillagigedo, Clipperton) displayed similar δ 13 C range of 1.80 ‰ (Table 2) but sharks in Revillagigedo had higher δ 15 N range than in Clipperton (i.e. 2.80 and 1.40 ‰, respectively). This difference in δ 15 N variation led to a wider isotopic niche area for sharks of Revillagigedo compared to Clipperton, revealed by both total area (TA = 2.34 ‰² in Revillagigedo versus 1.55 ‰² in Clipperton) and standard ellipse area (SEAB with 95% credible interval = 3.92 ‰² versus 2.66 ‰²) (Table 2 andFigure 4). Although δ 15 N range is strongly influenced by extreme δ 15 N values (Figure 2A), the mean distance to centroid (CD) and nearest neighbour distance (NND) were also higher in Revillagigedo revealing a larger trophic diversity at the population scale (Table 2).

Using δ 15 N and δ 13 C values, the isotopic niche overlap was low between populations (i.e. 11%; Figure 4). Combining stable isotopes and THg, the mean probability for a Revillagigedo shark to be found in the Clipperton niche was 23%, while the mean probability for a Clipperton shark to be found in the Revillagigedo niche was 10% (Figure 5).

DISCUSSION

Habitat isotopic features

In the Northeast Pacific, δ 15 N is known to vary spatially with latitude in various marine taxa such as mussels [START_REF] Vokhshoori | Compound-Specific δ15N Amino Acid Measurements in Littoral Mussels in the California Upwelling Ecosystem: A New Approach to Generating Baseline δ15N Isoscapes for Coastal Ecosystems[END_REF], copepods [START_REF] López-Ibarra | Trophic position of twelve dominant pelagic copepods in the eastern tropical Pacific Ocean[END_REF][START_REF] Olson | Food-web inferences of stable isotope spatial patterns in copepods and yellowfin tuna in the pelagic eastern Pacific Ocean[END_REF] and tunas [START_REF] Olson | Food-web inferences of stable isotope spatial patterns in copepods and yellowfin tuna in the pelagic eastern Pacific Ocean[END_REF]. In the present study, the shift in δ 15 N between copepod-baseline and ST sharks was similar in Revillagigedo and Clipperton (i.e. around 4.9 ‰; Table 1), suggesting similar trophic position in both sites. This indicates that the difference in δ 15 N between the two shark populations (Figure 2A) is mostly explained by variations in isotopic composition at the base of the food webs, such as previously observed for tunas in this area [START_REF] Lorrain | Nitrogen isotopic baselines and implications for estimating foraging habitat and trophic position of yellowfin tuna in the Indian and Pacific Oceans[END_REF][START_REF] Olson | Food-web inferences of stable isotope spatial patterns in copepods and yellowfin tuna in the pelagic eastern Pacific Ocean[END_REF]. This result is in total agreement with a recent assessment of the reef fish structures from the two MPAs, revealing a similar community mean trophic level between the two sites [START_REF] Fourriére | Reef fish structure assemblages in oceanic islands of the eastern tropical Pacific: Revillagigedo Archipelago and Clipperton atoll[END_REF]. The difference in δ 15 N baselines between sites is thought to be influenced by the south-to-north increase of δ 15 N values in the dissolved nitrate pool [START_REF] Olson | Food-web inferences of stable isotope spatial patterns in copepods and yellowfin tuna in the pelagic eastern Pacific Ocean[END_REF]. This spatial trend of δ 15 N is probably due to the combination of phytoplankton drawdown of upwelled nitrate at the equator and the denitrification occurring in the oxygen minimum layer further north in the ETP [START_REF] Fiedler | Hydrography of the eastern tropical Pacific: A review[END_REF].

In contrast to δ 15 N, previous studies on copepods [START_REF] López-Ibarra | Trophic position of twelve dominant pelagic copepods in the eastern tropical Pacific Ocean[END_REF][START_REF] Olson | Food-web inferences of stable isotope spatial patterns in copepods and yellowfin tuna in the pelagic eastern Pacific Ocean[END_REF], yellowfin tunas [START_REF] Olson | Food-web inferences of stable isotope spatial patterns in copepods and yellowfin tuna in the pelagic eastern Pacific Ocean[END_REF] or ocean models [START_REF] Magozzi | Using ocean models to predict spatial and temporal variation in marine carbon isotopes[END_REF] have found limited δ 13 C variation with latitude in this area, suggesting that δ 13 C oceanic baselines are homogenous in the surface waters surrounding the islands studied here. The difference in δ 13 C values between silvertips from the two sites (Figure 2B) may thus reflect local island production rather than a latitudinal oceanic gradient. Coral reefs are present at both sites but with some differences in species composition and richness [START_REF] Fourriére | Reef fish structure assemblages in oceanic islands of the eastern tropical Pacific: Revillagigedo Archipelago and Clipperton atoll[END_REF][START_REF] Glynn | Clipperton Atoll (eastern Pacific): oceanography, geomorphology, reef-building coral ecology and biogeography[END_REF]. Indeed, 17 different coral species are found in the Revillagigedo Archipelago against only 8 species at Clipperton Island [START_REF] Reyes-Bonilla | Coral reefs of the Pacific coast of México[END_REF]. Coral reef food webs are supported by various primary producers such as phytoplankton, macroalgae and coral [START_REF] Mcmahon | Tracing carbon flow through coral reef food webs using a compound-specific stable isotope approach[END_REF]. The different sources of organic matter are characterized by contrasted isotopic values (e.g. δ 13 C) which ultimately influence the isotopic composition of top-predators [START_REF] Briand | Complex food webs in highly diversified coral reefs: Insights from δ13C and δ15N stable isotopes[END_REF][START_REF] Trystram | Feeding patterns of two sympatric shark predators in coastal ecosystems of an oceanic island[END_REF]. For instance, according to δ 13 C values, the blackspot snapper (Lutjanus ehrenbergii) relied either on a benthic macroalgal food web or on a phytoplankton-based food web depending on reef sites in the Red Sea [START_REF] Mcmahon | Tracing carbon flow through coral reef food webs using a compound-specific stable isotope approach[END_REF]. In the present study, ST sharks differed in δ 13 C values despite supposed similar trophic position, with sharks from Clipperton showing higher values (Table 1 and Figure 2B). As food webs supported by coral reef display higher δ 13 C values than phytoplankton-based food webs [START_REF] Briand | Complex food webs in highly diversified coral reefs: Insights from δ13C and δ15N stable isotopes[END_REF][START_REF] Kolasinski | Sources of particulate organic matter at the ecosystem scale: a stable isotope and trace element study in a tropical coral reef[END_REF], this result could potentially suggest that Clipperton's food web is mostly supported by coral reef, while that of Revillagigedo might be more influenced by oceanic inputs of organic matter. This assumption is in agreement with the greater coral cover observed in Clipperton Atoll compared to the Revillagigedo Archipelago [START_REF] Fourriére | Reef fish structure assemblages in oceanic islands of the eastern tropical Pacific: Revillagigedo Archipelago and Clipperton atoll[END_REF].

Trophic ecology of shark populations

δ 15 N and δ 13 C are generally positively correlated as they both increase with trophic position in sharks species at both the inter [START_REF] Hussey | Expanded trophic complexity among large sharks[END_REF] and intraspecific level [START_REF] Kiszka | Plasticity of trophic interactions among sharks from the oceanic south-western Indian Ocean revealed by stable isotope and mercury analyses[END_REF], including for ST sharks [START_REF] Endo | Metal Concentrations in the Liver and Stable Isotope Ratios of Carbon and Nitrogen in the Muscle of Silvertip Shark (Carcharhinus albimarginatus) Culled off Ishigaki Island, Japan: Changes with Growth[END_REF]. In the present study, ST sharks from Revillagigedo displayed a decrease in δ 13 C when increasing δ 15 N values (Figure 3). A similar trend has been observed for fish and shark communities in the southwest Pacific coral reefs, with species feeding on the pelagic food web having higher δ 15 N and lower δ 13 C compared to species feeding on benthic food webs [START_REF] Briand | Complex food webs in highly diversified coral reefs: Insights from δ13C and δ15N stable isotopes[END_REF][START_REF] Frisch | Reassessing the trophic role of reef sharks as apex predators on coral reefs[END_REF]. Although confined to coral reefs and generally with limited offshore displacements (e.g. < 18 km) [START_REF] Bond | Vertical and horizontal movements of a silvertip shark (Carcharhinus albimarginatus) in the Fijian archipelago[END_REF], ST sharks are characterized by a mix of reef-associated and pelagic behaviors which can result in a diet based on both reef and pelagic food webs. For instance, in the Indian Ocean it has been estimated that ST sharks were feeding on 60% reef prey and on 40% oceanic prey [START_REF] Curnick | Evidence for dynamic resource partitioning between two sympatric reef shark species within the British Indian Ocean Territory[END_REF]. Moreover, juvenile and adult ST sharks display inter-island movements within the Revillagigedo MPA, using diverse habitats ranging from shallow and calm waters at San Benedicto and Socorro islands to near vertical slopes influenced by oceanic currents at Roca Partida, a small islet where several schools of pelagic fish gather to mate and feed [START_REF] Muntaner López | Movement patterns and habitat use of the silver tip shark ("Carcharhinus albimarginatus[END_REF]. The direct exposure to open water in Roca Partida favors the presence of pelagic fish of higher trophic level, compared to the reef fish communities of the other islands of the Revillagigedo Archipelago [START_REF] Fourriére | Reef fish structure assemblages in oceanic islands of the eastern tropical Pacific: Revillagigedo Archipelago and Clipperton atoll[END_REF]. Overall, these results suggest that the Revillagigedo shark population is feeding on both pelagic and benthic food webs, probably due to habitat diversity, resulting in lower δ 13 C and higher δ 15 N values for sharks feeding on pelagic prey. The δ 13 C range of the Clipperton population was similar to that of the Revillagigedo population (Table 2), but the δ 15 N range was narrower in Clipperton and no correlation was observed between δ 15 N and δ 13 C values within this population (Figure 3). In coral reefs, benthic carbon sources can be differentiated by their δ 13 C values while they show similar δ 15 N values, all lower than δ 15 N values from oceanic sources [START_REF] Briand | Complex food webs in highly diversified coral reefs: Insights from δ13C and δ15N stable isotopes[END_REF]. The limited δ 15 N range in the Clipperton population may thus reflect a lesser extent of pelagic sources in the shark diet, while the δ 13 C variation may imply the use of different benthic food webs (e.g. based on macroalgae and coral) [START_REF] Charpy | Clipperton: environnement et biodiversité d'un microcosme océanique[END_REF]. In addition, the isotopic metrics of trophic diversity that are not strongly influenced by extreme data points (i.e. CD and NND) confirmed that the Clipperton population is characterized by lower trophic diversity (Table 2). Therefore, ST sharks from Clipperton seem to have access to a lower variety of isotopically different prey. Clipperton MPA is composed of a single atoll probably offering limited habitat and food web diversity compared to the Revillagigedo Archipelago.

Moreover, despite the similarity of mean trophic level of fish communities in both MPAs, Clipperton atoll displayed homogeneous fish abundance per trophic level, while this index was more variable among the different islands of the Revillagigedo Archipelago [START_REF] Fourriére | Reef fish structure assemblages in oceanic islands of the eastern tropical Pacific: Revillagigedo Archipelago and Clipperton atoll[END_REF]. This observation may indicate that Clipperton's sharks are likely to feed on less diverse trophic levels, confirmed by the narrower δ 15 N range and total niche area (TA) (Table 2).

Mercury exposure of sharks

In the Pacific Ocean, [THg] can display important geographical contrasts, with significant latitudinal variations in oceanic species such as tunas [START_REF] Houssard | A Model of Mercury Distribution in Tuna from the Western and Central Pacific Ocean: Influence of Physiology, Ecology and Environmental Factors[END_REF]. For instance, a ∼3-fold THg enrichment was measured in the bigeye tuna Thunnus obesus between equator and 20°S, although it was mainly explained by differences in vertical foraging habitat. In our study, despite almost 10° of latitude (around 1000 km) between the two MPAs, [THg]was similar between shark populations (Figure 2C). Hg levels in Pacific seawaters are known to increase with depth below the 100 meter layer [START_REF] Munson | Mercury species concentrations and fluxes in the Central Tropical Pacific Ocean[END_REF][START_REF] Sunderland | Mercury sources, distribution, and bioavailability in the North Pacific Ocean: Insights from data and models: MERCURY IN THE NORTH PACIFIC OCEAN[END_REF] as well as in pelagic fish [START_REF] Choy | The influence of depth on mercury levels in pelagic fishes and their prey[END_REF] in accordance with the production of methylmercury (MMHg) in deep water [START_REF] Blum | Methylmercury production below the mixed layer in the North Pacific Ocean[END_REF]. In the southwest Pacific (Great Barrier Reef), the mean depth of occurrence for ST sharks was around 25 m throughout the year [START_REF] Espinoza | Movement patterns of silvertip sharks (Carcharhinus albimarginatus) on coral reefs[END_REF]. Similar [THg] may thus indicate that both populations feed at comparable depths, probably shallower than 100 m, preventing them for being submitted to the MMHg increase in deeper waters. However, THg and MMHg in surface waters have also been shown to vary with latitude in the central Pacific Ocean, according to spatial differences in methylation and demethylation rates [START_REF] Munson | Dynamic mercury methylation and demethylation in oligotrophic marine water[END_REF]. Here, the absence of Hg variation observed in a shallow water species does not allow for concluding on differences in MMHg production between MPAs. Furthermore, as MMHg biomagnifies along food webs, the fact that both shark populations are thought to occupy the same trophic position implies similar MMHg exposure. In addition, Hg levels found in young-of-the-year (YOY) sharks can be derived from maternal offloading and therefore be influenced by the maternal trophic position [START_REF] Lyons | Effects of trophic ecology and habitat use on maternal transfer of contaminants in four species of young of the year lamniform sharks[END_REF]. A previous study on ST sharks did not find evidence of mother-to-embryo transfer of Hg [START_REF] Endo | Metal Concentrations in the Liver and Stable Isotope Ratios of Carbon and Nitrogen in the Muscle of Silvertip Shark (Carcharhinus albimarginatus) Culled off Ishigaki Island, Japan: Changes with Growth[END_REF]. Thus, even in the case of differences in feeding ecology of adult ST sharks between MPAs, this would probably not have a strong impact on Hg levels in the YOY sharks, due to apparent limited maternal transfer of Hg in this species. Finally, within the same population, [THg]was not explained by δ 15 N nor δ 13 C values, suggesting that feeding on either pelagic or benthic food webs at Revillagigedo, or on different benthic food webs at Clipperton, does not induce differences in Hg exposure for sharks. In addition to the absence of large-scale Hg variation (i.e. between sites), these results seem to indicate homogeneous Hg concentrations in prey and / or habitats used by ST sharks within each MPA.

Site residency of juvenile ST sharks

As isotopic spatial gradients are conserved from the baseline to the top of food webs, they allow the tracking of movements of marine predators [START_REF] Graham | Using Isoscapes to Trace the Movements and Foraging Behavior of Top Predators in Oceanic Ecosystems[END_REF][START_REF] Trueman | Chapter 6 -Isotopic Tracking of Marine Animal Movement[END_REF]. Here, the δ 15 N and δ 13 C segregation between the two shark populations (Figure 2A and2B) is thought to reflect the differences in isotopic baselines between MPAs.

In addition, the estimated trophic overlap between populations was low according to C and N stable isotopes only (i.e. 11%, Figure 4) as well as combining stable isotopes and [THg] (23% maximum, Figure 5), suggesting limited trophic connectivity between sites for juvenile ST sharks. In the Great Barrier Reef (Southwest Pacific), ST sharks showed intermediate residency index, spending ∼50% of the time in the study site [START_REF] Espinoza | Movement patterns of silvertip sharks (Carcharhinus albimarginatus) on coral reefs[END_REF]. Their movements between reefs of the Great Barrier did not exceed 50 km, and in the Fijian archipelago a net offshore displacement of only 18 km was recorded [START_REF] Bond | Vertical and horizontal movements of a silvertip shark (Carcharhinus albimarginatus) in the Fijian archipelago[END_REF]. In the British Indian Ocean Territory MPA (Indian Ocean), although silvertips sharks had a wider space use than other species such as grey reef sharks (Carcharhinus amblyrhynchos), the majority of individuals were detected within 30 km of their tagging location and no silvertip left the MPA [START_REF] Carlisle | Estimating Space Use of Mobile Fishes in a Large Marine Protected Area With Methodological Considerations in Acoustic Array Design[END_REF]. Thus, although movements of more than 100 km have been recorded between the islands of the Revillagigedo Archipelago [START_REF] Muntaner López | Movement patterns and habitat use of the silver tip shark ("Carcharhinus albimarginatus[END_REF], biochemical tracers seem to confirm the site-residency of ST sharks. However, many shark species display ontogenetic changes in movement patterns, performing larger displacements and exhibiting a broader habitat use once adults [START_REF] Andrews | Seasonal and Ontogenetic Changes in Movement Patterns of Sixgill Sharks[END_REF][START_REF] Chin | Ontogenetic movements of juvenile blacktip reef sharks: evidence of dispersal and connectivity between coastal habitats and coral reefs[END_REF][START_REF] Grubbs | Ontogenetic Shifts in Movements and Habitat Use[END_REF][START_REF] Hoyos-Padilla | Ontogenetic migration of a female scalloped hammerhead shark Sphyrna lewini in the Gulf of California[END_REF], which can lead to an expansion of their trophic niche [START_REF] Dicken | Diet and trophic ecology of the tiger shark (Galeocerdo cuvier) from South African waters[END_REF][START_REF] Kim | Ontogenetic and Among-Individual Variation in Foraging Strategies of Northeast Pacific White Sharks Based on Stable Isotope Analysis[END_REF]. All ST sharks sampled in our study were juveniles [START_REF] Compagno | Sharks of the world[END_REF], it is therefore possible that the analysis of adult sharks may lead to a wider degree of overlap between the populations of Revillagigedo and Clipperton, reflecting a higher dispersion of adult ST sharks. Finally, other shark species such as the Galapagos shark Carcharhinus galapagensis have been recorded to perform long distance movements between MPAs including Revillagigedo and Clipperton, realizing migrations exceeding 3000 km [START_REF] Lara-Lizardi | Shark movements in the Revillagigedo Archipelago and connectivity with the Eastern Tropical Pacific[END_REF]. In comparison with more resident species such as ST sharks, these migratory predators probably provide trophic connectivity between MPAs in the North Eastern tropical Pacific. This biochemical approach represents a low-intrusive method complementary to tracking studies and could be used on other shark species with broad ecological characteristics.

CONCLUSION

Carbon and nitrogen stable isotopes revealed that, despite similar trophic position, the two silvertip shark populations seemed to use different food webs. While the Revillagigedo population fed on both benthic and pelagic food webs, the Clipperton population relied only on benthic sources. Hg exposure was not determined by the residence site or the feeding patterns, suggesting similar Hg concentrations in the different habitats used by ST sharks in this region. In these remote sites without direct anthropogenic Hg inputs, Hg incorporation in island food webs may come from the advection of deep oceanic MMHg as well as possible local MMHg production and/or transformation as previously suggested for coastal fish from Hawaii [START_REF] Sackett | Carbon, Nitrogen, and Mercury Isotope Evidence for the Biogeochemical History of Mercury in Hawaiian Marine Bottomfish[END_REF]. In future studies, Hg isotopes could be of great interest to determine the origin of Hg in these oceanic island ecosystems, since they allow to trace Hg sources transferred in trophic webs to top-predators [START_REF] Li | Assessing Sources of Human Methylmercury Exposure Using Stable Mercury Isotopes[END_REF][START_REF] Renedo | Identification of sources and bioaccumulation pathways of MeHg in subantarctic penguins: a stable isotopic investigation[END_REF][START_REF] Senn | Stable isotope (N, C, Hg) study of methylmercury sources and trophic transfer in the northern gulf of Mexico[END_REF]. Niche overlap is characterized by the probability that a shark from one site is found within the niche region of the other site. Posterior means and 95% credible intervals are displayed in full and dash line respectively. The mean probability for a shark from Clipperton to be found in the Revillagigedo niche was 10%, while the mean probability for an individual from Revillagigedo to be found in the Clipperton niche was 23%.

Figure 1 :

 1 Figure 1: Map of the Northeast Pacific Ocean including the two sampling sites, the Revillagigedo Archipelago (Mexico) and Clipperton Island (France), which are both marine protected areas (MPAs).

Figure 2 :

 2 Figure 2: Boxplots of δ 15 N (A), δ 13 C (B) and THg (C) in fin clips of silvertip sharks from the Revillagigedo archipelago and Clipperton atoll. Isotope results are expressed in standard δ notation based on international standards: Vienna Pee Dee Belemnite (V-PDB) for δ 13 C and atmospheric nitrogen for δ 15 N. The box length represents the interquartile range, the bar length represents the range, and the horizontal line is the median value. Significant differences between sites are indicated by *** p < 0.001.

Figure 3 :

 3 Figure 3: δ 15 N (‰) versus δ 13 C (‰) in fin clips of Silvertip sharks from the Revillagigedo archipelago and Clipperton atoll. Standards are V-PDB for δ 13 C and air for δ 15 N. Data fit a linear regression in Revillagigedo (one outlier removed) while no correlation was found in Clipperton.

Figure 4 :

 4 Figure 4: Trophic niche area of Silvertip sharks based on carbon (δ 13 C) and nitrogen (δ 15 N) isotopes.Standards are V-PDB for δ 13 C and air for δ 15 N. Isotopic niche area was 2.66 ‰² in Clipperton (grey ellipse) and 3.92 ‰² in Revillagigedo (blue ellipse) (SEAB with 95% credible interval). The area overlap between sites was 11%.

Figure 5 :

 5 Figure5: Comparisons of the posterior distributions of the probabilistic niche overlap metrics of 3 biochemical tracers (δ 15 N, δ 13 C and THg) between silvertip sharks from two sites: Clipperton Island (grey) and the Revillagigedo archipelago (blue). Niche overlap is characterized by the probability that a shark from one site is found within the niche region of the other site. Posterior means and 95% credible intervals are displayed in full and dash line respectively. The mean probability for a shark from Clipperton to be found in the Revillagigedo niche was 10%, while the mean probability for an individual from Revillagigedo to be found in the Clipperton niche was 23%.

Table 1 :

 1 Summary (mean ± standard deviation) of the different variables measured in silvertip sharks from the two sites. Δ 15 NST-COP refers to the relative trophic position of sharks compared to the copepod-baseline in each site. Significant differences between sites are indicated by ** p < 0.01, *** p < 0.001.

	Site	n Total Length (m)	δ 13 C (‰)	δ 15 N (‰)	C:N	Δ 15 NST-COP (‰) THg (ng•g -1 ww)
	Revillagigedo 26	1.01 ± 0.21**	-14.69 ± 0.47 15.40 ± 0.57*** 2.93 ± 0.07	4.92 ± 0.31	56 ± 32
	Clipperton 28	0.83 ± 0.07	-14.02 ± 0.44*** 13.92 ± 0.36	2.88 ± 0.05	4.90 ± 0.57	63 ± 48

Table 2 :

 2 Layman's metrics describing the isotopic niche of silvertip sharks in each site: nitrogen stable isotope range (δ 15 N range), carbon stable isotope range (δ 13 C range), total area (TA), mean distance to centroid (CD), nearest neighbour distance (NND, mean ± standard deviation).

	Revillagigedo	1.80	2.80	2.34	0.60	0.23 ± 0.21
	Clipperton	1.80	1.40	1.55	0.46	0.17 ± 0.14

Site

δ 13 C range (‰) δ 15 N range (‰) TA (‰²) CD (‰) NND (‰)
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