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Existence of two novel and non-sectorized clades of the giant clam Tridacna maxima in French Polynesia: implications for connectivity and origin

Giant clams are widely depleted with the exception of French Polynesia, where the dominant species, Tridacna maxima, is still exploited. Here, we report the first genetic structure analysis of T. maxima samples, issued from 4 polynesian archipelagos and spread on a surface of about 4 millions square kilometers. This study was based on both mitochondrial (COI and 16S) and nuclear (18S) sequences and led to the discovery of two new T. maxima clades, which diverged 1.5 millions of years before present. French Polynesian clades cohabite over a large area with a North-West South-East axis on either side of which, one of each clade is dominant. Contrary to the strong genetic structuration observed in the T. maxima population in Indo-and West Pacific, we show here that the populations are widely interconnected, except in Tuamotu archipelago. This is underlined by a high connectivity between distant islands and archipelagos, which is independent from the direction of the oceanic currents. Altogether our data bring growing evidences of a progression of both clades in French Polynesia, one south and one north.

Introduction

Giant clams are represented by two genus, Tridacna and Hippopus, which have diverged 15 million of years before present [START_REF] Schneider | Phylogeny of giant clams (Cardiidae: Tridacninae) based on partial mitochondrial 16S rDNA gene sequences[END_REF][START_REF] Harzhauser | Tracing back the origin of the indo-pacific mollusc fauna: basal tridacninae from the oligocene and miocene of the sultanate of Oman[END_REF]. While Hippopus genus only consists of two species, H. Hippopus and H. porcellanus, Tridacna genus has recently extended from eight to nine described species [START_REF] Huelsken | A novel widespread cryptic species and phylogeographic patterns within several giant clam species (Cardiidae: Tridacna) from the Indo-Pacific Ocean[END_REF]. Among these nine Tridacna species, except sparse T. squamosa, T. maxima is the unique representative of the genus in French Polynesia [START_REF] Gilbert | First observation of the giant clam Tridacna squamosa in French Polynesia: a species range extension[END_REF], while both of them are described widespread in Indian Ocean, Red sea and notably in West Pacific [START_REF] Huelsken | A novel widespread cryptic species and phylogeographic patterns within several giant clam species (Cardiidae: Tridacna) from the Indo-Pacific Ocean[END_REF][START_REF] Richter | Report Collapse of a New Living Species of Giant Clam in the Red Sea[END_REF][START_REF] Syukri | The distribution and status of giant clams (family tridacnidae) -a short review[END_REF]. Only absent in Marquesas, T. maxima is spread in the four other Polynesian archipelagos, where it harbors high densities, even if its quantity can strongly differ between islands. Their highest densities are found in Tuamotu archipelagos [START_REF] Van Wynsberge | Best management strategies for sustainable giant clam fishery in French Polynesia islands: answers from a spatial modeling approach[END_REF], especially in Fangatau [START_REF] Andréfouët | The remarkable population size of the endangered clam Tridacna maxima assessed in Fangatau Atoll (Eastern Tuamotu, French Polynesia) using in situ and remote sensing data[END_REF] and Reao [START_REF] Salvat | La faune benthique du lagon de l'atoll de Reao (Tuamotu, Polynésie)[END_REF] atolls, where the T. maxima clams grow and accumulate tightly against each other, giving rise to a particular "mapiko" structure, specific to French Polynesia [START_REF] Andréfouët | The remarkable population size of the endangered clam Tridacna maxima assessed in Fangatau Atoll (Eastern Tuamotu, French Polynesia) using in situ and remote sensing data[END_REF][START_REF] Gilbert | Extraordinarily high giant clam density under protection in Tatakoto atoll (Eastern Tuamotu archipelago, French Polynesia)[END_REF]. High T. maxima densities are also found in other parts of French Polynesia, such as in Tubuai island (Australes archipelago, [START_REF] Gilbert | The giant clam Tridacna maxima communities of three French Polynesia islands: comparison of their population sizes and structures at early stages of their exploitation[END_REF]).

However, with the exception of French Polynesia, giant clam stocks are widely depleted, and they are listed in the IUCN Redlist of threatened species since 1996. Many phylogenetic studies of giant clams have now been conducted in different oceans. They were performed with allozyme markers in the Pacific Region [START_REF] Benzie | Genetic structure of giant clam (Tridacna maxima) populations in the west Pacific is not consistent with dispersal by present-day ocean currents[END_REF][START_REF] Laurent | High variability of genetic pattern in giant clam (Tridacna maxima) populations within French Polynesia[END_REF], as well as nuclear and/or mitochondrial markers in the red sea [START_REF] Richter | Report Collapse of a New Living Species of Giant Clam in the Red Sea[END_REF], in the Indo-Pacific region [START_REF] Huelsken | A novel widespread cryptic species and phylogeographic patterns within several giant clam species (Cardiidae: Tridacna) from the Indo-Pacific Ocean[END_REF][START_REF] Yu | Sequence variation in the ribosomal DNA internal transcribed spacer of Tridacna crocea[END_REF][START_REF] Deboer | Phylogeography and limited genetic connectivity in the endangered boring giant clam across the Coral Triangle[END_REF][START_REF] Kochzius | Strong genetic population structure in the boring giant clam, Tridacna crocea, across the Indo-Malay Archipelago: implications related to evolutionary processes and connectivity[END_REF][START_REF] Kochzius | Highly restricted gene flow and deep evolutionary lineages in the giant clam Tridacna maxima[END_REF][START_REF] Neo | Population density and genetic structure of the giant clams Tridacna crocea and T. squamosa on Singapore's reefs[END_REF] and in the Pacific region [START_REF] Gardner | Analyses of DNA obtained from shells and brine-preserved meat of the giant clam Tridacna maxima from the central Pacific Ocean[END_REF]. Concerning Tridacna maxima species, the presence of four distinct lineages in the Indo-Pacific region and Red Sea, both considered as high spot of biodiversity, has been detected [START_REF] Kochzius | Highly restricted gene flow and deep evolutionary lineages in the giant clam Tridacna maxima[END_REF]. Regarding the East-Pacific region, considered as the end of the biodiversity gradient, only few studies rely on the giant clam populations.

Because of its very high densities in French Polynesia compared to the rest of the world [START_REF] Andréfouët | The remarkable population size of the endangered clam Tridacna maxima assessed in Fangatau Atoll (Eastern Tuamotu, French Polynesia) using in situ and remote sensing data[END_REF][START_REF] Salvat | La faune benthique du lagon de l'atoll de Reao (Tuamotu, Polynésie)[END_REF][START_REF] Gilbert | The giant clam Tridacna maxima communities of three French Polynesia islands: comparison of their population sizes and structures at early stages of their exploitation[END_REF], T. maxima exploitation for the local consumption and the exportation, as well as for the aquarium trade, is still allowed. Nevertheless, this exploitation is subject to an international standard set by the Washington Convention of 3 March 1973, and to a local standard which prohibits the exploitation of clams less than 12 cm length (Resolution No. 88-184/AT). Since 2001, different studies on giant clams have been undertaken by the Direction of Marine Resource of French Polynesia in partnership with the Research and Development Institute and the University of French Polynesia [START_REF] Van Wynsberge | Best management strategies for sustainable giant clam fishery in French Polynesia islands: answers from a spatial modeling approach[END_REF]. These studies mainly concentrate on stock assessment, with the objective to master the aquaculture of these bivalves. Associated restocking projects, consisting in the reintroduction of T. maxima in depleted places, might generate a risk of a genetic homogenization [START_REF] Bell | Restocking of giant clams: progress, problems and potential. Stock enhancement and sea ranching[END_REF]. Moreover, genetic studies on T.maxima in French Polynesia are still in their infancy and, as far as we are concerned, except the work on Tridacna squamosa [START_REF] Gilbert | First observation of the giant clam Tridacna squamosa in French Polynesia: a species range extension[END_REF], no genetic study with mitochondrial or nuclear markers has been conducted on French Polynesian giant clams. Only one study, based on allozyme diversity, was performed [START_REF] Laurent | High variability of genetic pattern in giant clam (Tridacna maxima) populations within French Polynesia[END_REF]. The authors used ten polymorphic loci to study the genetic variation on nine populations from six French Polynesian islands, in the Society and Tuamotu archipelagos. While the confined environment provided by numerous lagoons of French Polynesia might provide a hot spot for genetic differentiation, a significant genetic difference between populations was only detected at the archipelagos level, and according to only one locus on the ten tested.

French Polynesia is a naturally fragmented structure composed of a set of 118 remote islands, distributed into five archipelagos, located on a 5.5 millions square kilometers surface area and therefore provides a good area to go deeper in the understanding of the intraspecific genetic divergence of T. maxima and of the origin of this divergence. To this purpose, we used three different genetic markers, the cytochrome c oxydase I gene (COI), the mitochondrial small ribosomal subunit 16S RNA (16S rDNA) and the nuclear small ribosomal subunit 18S RNA (18S rDNA) and determine the genetic structure and connectivity between T. maxima issued from 14 islands spread over the four archipelagos which possess giant clams, collectively representing an area of about 4 millions square kilometers.

Materials and Methods

Sample collection and DNA extraction

Giant clams from T. maxima species (n = 304) were sampled between the 1st February 2011 and the 2d of November 2013, in 14 islands distributed in four out of the five archipelagos of French Polynesia. The Australes archipelago is represented by Maria, Tubuai, Raivavae; the Gambier by Mangareva; the Tuamotu by Reao, Tatakoto, Hao, Makemo, Kauehi, Tikehau, Kaukura, Apataki and the Society by Tahiti and Moorea. In Tahiti, the biggest island of French Polynesia, T. maxima giant clams have been sampled over three regions: North, West and South.

Mantel samples were collected from T. maxima at 0.5-2 m depth, just by clipping a piece of mantle tissue immediately stored in 70% ethanol. Total genomic DNA was extracted from each mantle sample using the Wizard Genomic DNA Purification Kit (Promega), according to the manufacturer's instructions.

Amplification and sequencing

The genetic structure of T. maxima was studied using one nuclear genetic marker, the 18S rDNA and two mitochondrial markers, the 16S rDNA gene and the cytochrome c oxidase subunit 1 gene (COI). All corresponding DNA regions were amplified by polymerase chain reaction (PCR) using specific primers and the Promega GoTaq polymerase kit. DNA regions of the 18S rDNA (800 bp) and of the 16S rDNA (462 bp) were amplified with Canapa's specific primers [START_REF] Marota | The small-subunit rRNA gene sequences of venerids and the phylogeny of bivalvia[END_REF] and Schneider's primers [START_REF] Schneider | Phylogeny of giant clams (Cardiidae: Tridacninae) based on partial mitochondrial 16S rDNA gene sequences[END_REF] respectively and according to the following PCR conditions: 35 cycles of 94°C (45 s), either 50°C (45 s) or 55°C (45 s) for the 18S rDNA and the 16S rDNA respectively, and 72°C (45 s). For COI gene, the primers were designed and allowed the amplification of a 658 bp DNA region. The forward primer, COI F (5'-cggtaaaacgacggccagtgggtgataattcgaacagaa-3'), was modified from Kochzius'COI forward primer [START_REF] Deboer | Phylogeography and limited genetic connectivity in the endangered boring giant clam across the Coral Triangle[END_REF] and the COI reverse primer (COI R : 5'ggagcggataacaatttcacacaggaacgaacgctgtaatacc-3') was designed from the highly conserved regions within the published sequences of T. maxima COI gene. The PCR reaction consisted of 7 cycles of 94°C (45 s), 40°C (45 s) and 72°C (45 s), followed by 30 cycles of 94°C (45 s), 50°C (45 s), and 72°C (45 s).

All PCR products were purified using Wizard SV Gel and PCR Clean-Up System (Promega) and sequenced (Eurofin and GATC, Germany). Sequences were edited, assembled and multialignment was performed using MEGA6 software [START_REF] Tamura | MEGA6: Molecular Evolutionary Genetics Analysis version 6.0[END_REF]. Gene sequences were deposited in GenBank.

DNA Sequences

In addition to our COI, 16S and 18S new sequences issued from the 304 samples, 154 COI sequences, 15 16S sequences and 6 18S sequences of Tridacna species were extracted from the NCBI repository of the nucleotide sequences, mainly associated to the works of Huelsken et al. [START_REF] Huelsken | A novel widespread cryptic species and phylogeographic patterns within several giant clam species (Cardiidae: Tridacna) from the Indo-Pacific Ocean[END_REF], DeBoer et al. [START_REF] Deboer | Phylogeography and limited genetic connectivity in the endangered boring giant clam across the Coral Triangle[END_REF] and Nuryanto et al. [START_REF] Kochzius | Strong genetic population structure in the boring giant clam, Tridacna crocea, across the Indo-Malay Archipelago: implications related to evolutionary processes and connectivity[END_REF]. Outgroups from other species were also included 4 COI sequences, 3 16S sequences and 5 18S sequences). See Table S1.

Phylogenetic analysis

The phylogenetic analysis was realized using StarBeast v2.1.3 software [START_REF] Heled | Bayesian inference of species trees from multilocus data[END_REF]. The general procedure, treatment of each gene region and Priors for nodes defining species, was similar to the procedure mentioned by Huelsken et al. [START_REF] Huelsken | A novel widespread cryptic species and phylogeographic patterns within several giant clam species (Cardiidae: Tridacna) from the Indo-Pacific Ocean[END_REF]. In addition to a general time reversible model, a Hasegawa-Kishino-Yano model with gamma distributed and invariant sites (G + I) was also applied to each gene, with an additional partitioning by codon position (1+2+3) for COI. Speciation was also modeled both as birth-death and Yules processes with the same parameters as those described in Huelsken et al. [START_REF] Huelsken | A novel widespread cryptic species and phylogeographic patterns within several giant clam species (Cardiidae: Tridacna) from the Indo-Pacific Ocean[END_REF].

The phylogeographic patterns were assessed by examining an aggregation of 114 unique COI haplotypes (Table S1) after manually alignment and a heuristic maximum parsimony search, conducted in MEGA6.06 [START_REF] Tamura | MEGA6: Molecular Evolutionary Genetics Analysis version 6.0[END_REF].

The software Figtree was used to graphics preparation of the trees (Rambaut: http://tree.bio.ed.ac.uk/software/figtree/).

Population genetic statistics

Molecular diversity measures for all populations were evaluated in Arlequin v3.5.1.2 [START_REF] Excoffier | Arlequin suite ver 3.5: a new series of programs to perform population genetics analyses under Linux and Windows[END_REF], including haplotype diversity [START_REF] Nei | Molecular evolutionary genetics[END_REF], nucleotide diversity [START_REF] Nei | Molecular evolutionary genetics[END_REF][START_REF] Tajima | Evolutionary relationship of DNA sequences in finite populations[END_REF] and pairwise sequence divergence, genetic signal of population equilibrium (Tajima's D-test statistic [START_REF] Tajima | Statistical Method for Testing the Neutral Mutation Hypothesis by DNA Polymorphism[END_REF], Fu's F-test [START_REF] Fu | Statistical Tests of Neutrality of Mutations Against Population Growth, Hitchhiking and Background Selection[END_REF] and mismatch distribution for assessment of the demographic status of populations by sum of squared deviations (SSD; [START_REF] Rogers | Population growth makes waves in the distribution of pairwise genetic differences[END_REF][START_REF] Rogers | Genetic Evidence for a Pleistocene Population Explosion[END_REF][START_REF] Schneider | Estimation of Past Demographic Parameters From the Distribution of Pairwise Differences When the Mutation Rates Vary Among Sites: Application to Human Mitochondrial DNA[END_REF][START_REF] Excoffier | Patterns of DNA sequence diversity and genetic structure after a range expansion: lessons from the infinite-island model[END_REF]) and Harpending's Raggedness Index (HRI; [START_REF] Harpending | Signature of ancient population growth in a low-resolution mitochondrial DNA mismatch distribution[END_REF]). AMOVA were also performed in Arlequin v3.5.1.2.

A classical Multidimensional Scaling and hierarchical clustering with the Ward method were performed from the Fst pairwise differences of population with R version 3.1.1 (R Core Team 2014 http://www.R-project.org/.).

Results

DNA Sequences

304 T. maxima were sampled over 14 islands spread on 4 out of 5 French Polynesian archipelagos (Table 1). Some of them were sequenced at three loci; 2 mitochondrial regions (COI n=304 and 16S n=124) and 1 nuclear region (18S n=88). Alignment of these sequences allowed the identification of 59 distinct haplotypes for COI, 6 for the 16S and 6 for the 18S. All of them were novel haplotypes of T.maxima. The resulting alignment of COI sequences was 461 bp length. No double peaks nor in-frame stop codons were observed, indicating no evidence of heteroplasmy or nuclear copies of mitochondrial DNA. Aminoacid translation of the sequences yielded to 153 amino acids and showed 9 non-synonymous substitutions among the 54 polymorphic sites and 58 base substitutions. These 9 substitutions were conservative changes and therefore didn't alter the characteristics of the protein domain. The resulting alignment of the 16S sequences was 392 bp length and disclosed 5 base substitutions on 5 sites. The sequence alignment of the 18S was 604 bp length with 7 base substitutions on 7 sites. 

Phylogenetic analyses

As expected, the tree topologies for single COI, 16S and 18S gene datasets (Fig. 1) were strongly similar to the tree topologies published by Huelsken et al. [START_REF] Huelsken | A novel widespread cryptic species and phylogeographic patterns within several giant clam species (Cardiidae: Tridacna) from the Indo-Pacific Ocean[END_REF]. The only significant difference is the appearance of 2 new clades in the T. maxima taxon. The similarity between the trees supports a consistent phylogenetic signal. These undescribed new clades sequences were distinct from the other species with an average pairwise COI sequence divergence (uncorrected pairwise distances) of 13.7% with T. crocea, 16.8% with T. derasa, 16.2% with T. sp, 14.3% with T. squamosa and 9.0% with T. maxima as compared to 10.4% between T. squamosa and T. crocea. Between both clades, the average pairwise distance is 3.3%. Time calibrated gene trees for COI and 16S also showed similar estimations of the ages of nodes in agreement with the fossil dates. The divergence date for T. squamosa is estimated at 1.06 millions of years before present (My BP) with COI tree and 1.28 My BP with 16S. For T. crocea, the estimations are 1.99 My and 1.3 My BP respectively. The divergent date for the new clades are estimated at 1.5 My BP (0.66 -2.77, 95% HPD), each of them diverging since 0.5 My (0.18 -0.96, 95% HPD).

Intraspecific phylogeographic patterns with COI region of T. maxima was explored with French Polynesia new clades (Fig. 2). The pattern highlighted two monophyletic "East.Pacific" clades, configuring a third expansion between "Wallacea" and "West Pacific" clades.

Genetic diversity

Because of the low number of the 16S and 18S haplotypes, only COI region was analyzed. Genetic diversity (Table 1) showed that the lower haplotypic and nucleotidic diversity was observed in Hao island (h=0.20 and π=0.04) and in South Tahiti (h=0.46 and π=0.43) while the h and π values were about 0.80 and 0.65 respectively for the others populations. The Tajima's D test and Fu's Fs test for each sample did not reject the null hypothesis of neutral evolution for the majority of the samples. Only Raivavae, Makemo and South Tahiti have a significant negative Tajima's D value and West Tahiti for Fu's Fs. This suggested a population size expansion or selection within these populations. The population expansion hypothesis was supported by non significant SSD and HRI in Makemo population. Concerning the two remaining populations South Tahiti and Raivavae, there is a significant deviation to expected SSD or HRI distribution. These values suggest that the demographic expansion model does not provide a particularly good fit to these data. However, we observed that the mismatch distributions were multimodal, consistent with old stationary populations. As a result, the agreement with neutrality could not be rejected.

Spatial Structure of genetic variation

To determine the partition of the genetic variation into regions, we analyzed the population pairwise Fst differences in a first time. The first axis of a multi-dimensional scaling from these evaluated differences discriminated the islands of Tuamotu from the other islands (Fig. 3). Furthermore, a strong amalgation of Society, Australes and Gambiers islands was observed (low Fst differences, Table S2). Among this group, Moorea was discriminated with a lower Fst difference with the North Tuamotu islands. On the contrary, the West Tahiti site was significantly isolated from the other sites. In the Tuamotu archipelago, two distinct groups were observed: North-West Tuamotu and East Tuamotu. Using AMOVA, we found a significant genetic structure into the different regions (Table S3). There was a significant structure between geographic archipelagos (FCT = 0.3404, p-value = 0.005) and the level of structure was maximized when Tuamotu populations were split into two (North and East) and three groups: North-West, Middle and East and the other islands were grouped (FCT = 0.47293 and 0.47327 respectively, p-value=0).

Genetic population structure and gene flow

The proportion of the two French Polynesian clades at each sample site and principal gene flows between geographic groups was studied (Fig. 4). We clearly observed an opposition between the proportions of the two clades on either side of a North-West/South-East axis, North Society-Gambier archipelagos. At the North of this axis, the frequency of one clade highly prevails over the other clade, until 100% in some sites. Conversely, the inverse proportions were observed at the South of this axis. This geographic discrimination led to name these clades North Mapiko and South Mapiko. The estimated migrant values led to the same geographic groups as those previously obtained with the population pairwise Fst, providing a robust connectivity network (Table S4). They exhibited a strong relationship between islands within each geographic group of the North and East Tuamotu, Society, Australes and Gambier archipelagos. Moorea island also displayed a relationship with the islands of the North of the Tuamotu archipelago. At the geographic groups level, the East Tuamotu group displayed only relationship with the North Tuamotu group whereas the three other groups (Society, Australes, Gambier) are interconnected. The study of shared haplotypes consolidated these different geographic groups. Two on the 59 haplotypes were largely distributed all over French Polynesia. One haplotype was only absent from the East group of Tuamotu island (Hao, Tatakoto and Reao) and the second one was absent from both the East Tuamotu and the Australes archipelagos. It was interesting to note that the first haplotype, also shared with Australes, was present only in the three Islands at the North of the North-West Tuamotu group (Tikehau, Apataki and Kaukura) whereas the second haplotype, absent in Australes, was shared between all Islands of the North-West Tuamotu group. In the East Tuamotu group, only 2 on 8 haplotypes were shared with the North Tuamotu group. In the Australes group, 11 on 14 haplotypes were only present within this group, 3 shared with the Society group among which one is shared with the Gambier group corresponding to the largely shared haplotype. The directions intra-or inter-groups of these relationships did not systematically follow the flow direction of the present oceanic currents, which are mainly perpendicular.

Discussion

Our study, conducted in French Polynesia, disclosed two novel clades of T. maxima. These two clades, which do not extend towards the West Pacific, represent a novel T. maxima genetic break, between the middle of South Pacific and the West Pacific. This is in line with the strong genetic population structure of T. maxima and other sessile marine species observed across the Indo-Pacific Ocean, even on small areas, and associated with a highly restricted gene flow [START_REF] Deboer | Phylogeography and limited genetic connectivity in the endangered boring giant clam across the Coral Triangle[END_REF][START_REF] Kochzius | Highly restricted gene flow and deep evolutionary lineages in the giant clam Tridacna maxima[END_REF][START_REF] Deboer | Concordance between phylogeographic and biogeographic boundaries in the Coral Triangle: conservation implications based on comparative analyses of multiple giant clam species[END_REF]. These two clades are restricted to French Polynesia and do not extend into the West Pacific.

Our data allow to estimate the age of the divergence of the giant clam populations of French Polynesia, at 1.5 ± 0.5 My BP. At least two hypotheses can account for these observations: either these two clades existed before their arrival in French Polynesia or they diverged from a common ancestor after their arrival. During Pleistocene (2 My BP), the frequency of sea level variation increased significantly [START_REF] Woodruff | Neogene marine transgressions, palaeogeography and biogeographic transitions on the Thai-Malay Peninsula[END_REF]. In course of the last glaciations peaks (21 000 years BP), the sea level of the Indo-Pacific region decreased to -120 m under the actual sea level [START_REF] Bard | Deglacial sea-level record from Tahiti corals and the timing of global meltwater discharge[END_REF][START_REF] Dickinson | Impacts of eustasy and hydro-isostasy on the evolution and landforms of Pacific atolls[END_REF], and led to a complete or partial dry for most of the lagoons. In French Polynesia this event probably led to local extinctions or reductions of giant clams population size, as proposed for Pinctada margaritifera [START_REF] Arnaud-Haond | Large discrepancies in differentiation of allozymes, nuclear and mitochondrial DNA loci in recently founded Pacific populations of the pearl oyster Pinctada margaritifera[END_REF]. 11 500 years BP, the melting of the ice led to the increase of sea level until more than 1 m above the present sea level, and for 1 500 years, the sea level decreased until the present sea level [START_REF] Pirazzoli | Secular trends of relative sea-level (RSL) changes indicated by tide-gauge records[END_REF]. Nuclear and mitochondrial markers have shown signs of recent bottlenecks and founder effects in P. margaritifera populations in Tuamotu, Gambier and Society archipelagos, which have been related to sea level fluctuations during the last glaciations period [START_REF] Arnaud-Haond | Large discrepancies in differentiation of allozymes, nuclear and mitochondrial DNA loci in recently founded Pacific populations of the pearl oyster Pinctada margaritifera[END_REF]. As P. margaritifera, giant clam genetic structure can also be explained by an important population decrease, or maybe extinction, which occurred during the last glaciations, following by either their successive reinvasions, from the Pacific region, one at the North of French Polynesia and another one at the South, or by the presence of two distinct founder niches, one in Tuamotu and the other one in Australes. Studies of the genetic structure of T. maxima, issued from the insular surroundings of French Polynesia (Fiji, Samoa, Tonga, Cooks islands), should allow to discriminate between these two hypotheses.

Surprisingly, our results also show that both clades are not sectorized and distributed nearly all over French Polynesia, contrary to what it is observed in the other regions of the Indo-Pacific and West Pacific [START_REF] Kochzius | Highly restricted gene flow and deep evolutionary lineages in the giant clam Tridacna maxima[END_REF][START_REF] Deboer | Concordance between phylogeographic and biogeographic boundaries in the Coral Triangle: conservation implications based on comparative analyses of multiple giant clam species[END_REF]. The genetic integrity of species living in fragmented habitats depends on many factors, including their dispersal abilities and the oceanic currents [START_REF] Watson | Currents connecting communities: nearshore community similarity and ocean circulation[END_REF]. Giant clams have a pelagic phase of 9 days during their larval stage. Therefore, the flow has certainly highly contributed to their genetic history in French Polynesia. The frequencies of each of the two clades show an inverse gradient from North to South, suggesting that opposite flows can be used for migration in the founder niches hypothesis or that a clade overruns French Polynesia at the expense to the other clade. East Tuamotu are the more isolated islands, only connected with North-East Tuamotu islands. A privileged relationship between North-West Tuamotu and Moorea Island in the Society Archipelago is also observed. This relationship can be consistent with the surface oceanic current which goes from North-East to South-West. In this consideration, North Mapiko could have invaded French Polynesia from North to South. However, the presence of a strong connectivity between Society and Gambier archipelagoes, Society and Australes archipelagos, cannot be explained by the present surface streams. The observed connectivity can be in the same direction or perpendicular to the present currents. Such a configuration was also described in West Pacific [START_REF] Benzie | Genetic structure of giant clam (Tridacna maxima) populations in the west Pacific is not consistent with dispersal by present-day ocean currents[END_REF]. However, during exceptional events as El Niño or La Niña, flows are changed and can be inversed [START_REF] Watson | Currents connecting communities: nearshore community similarity and ocean circulation[END_REF][START_REF] Martinez | Central South Pacific thermocline water circulation from a high-resolution ocean model validated against satellite data: Seasonal variability and El Niño 1997-1998 influence[END_REF]. Thus, we suggest that in French Polynesia such changes are responsible for the high connectivity observed between the different islands.

Our results also provide information to improve the management plan of giant clams established by the Marine Resource Direction since 2001, and can thus contribute to the preservation of this important resource. As both clades already cohabit in numerous islands in the four archipelagos, transplantations from an island to the other one do not seem to present a dramatic environmental hazard. The high connectivity observed between Society islands, Australes and Gambier confer a natural mixing independently of the human manipulation. 

Figure 1 :

 1 Figure 1 : Species relationships within Tridacna based on Bayesian phylogenetic trees for mitochondrial COI, 16S or 18S. The topology is a time calibrated maximum clade credibility tree under a birth-death model. Bayesian posterior probabilities are above the branches. The 95% heights of nodes are drawn in blue rectangle on significant nodes.

Figure 2 :

 2 Figure2: Unrooted parsimony tree for mitochondrial COI of Tridacna maxima according to the sampling locations. Major lineages are colored: turquoise for South Mapiko, green for North Mapiko, dark blue for West Pacific, red for Red Sea, orange for Sunda Strait and black for Indonesia, Singapore, western New Guinea and Taiwan (Wallacea).

Figure 3 :

 3 Figure3: Multi-dimensional scaling associated to the hierarchical clustering of the population pairwise Fst differences. Axis 1 and 2 of the MDS represent 68.7% and 24.1% of the total variance respectively. The geographic groups are symbolized by colors, red for West Tuamotu, orange for East Tuamotu, pink for Gambier, green for Society and blue for Australes. The legend of the plots indicates the corresponding island or site of the samplings. For Tahiti Island, sites of samplings are noted: N for North, S for South and W for West.

Figure 4 :

 4 Figure 4 : Map of French Polynesia showing the frequencies between the 2 Mapiko COI clades and the connectivity between 5 geographic locations. Geographic groups are represented by ellipses. For Tahiti Island, a zoom picture is included at the bottom left of the map. Frequencies are illustrated in light grey for North Mapiko and strong grey for South Mapiko. Solid line arrows indicate non significant values of Fst differences between the corresponding geographic groups and dotted line arrows between two sites. Open arrows indicate the present oceanic surface currents and the swirling currents.

Table 1 . Tridacna maxima sampling information and genetic indexes based on mitochondrial cytochrome c oxidase I sequences.

 1 Samples sites, geographic region, number of sequences (n), number of haplotypes (Nhp), haplotype diversity (h), nucleotide diversity (π), Tajima's D, Fu's FS, sum of square deviation (SSD) and Harpending's Raggedness index (HRI)

									Mismatch
				Genetic diversity		Neutrality tests	distribution
		Geographic					Tajima's		
	Site	regions	n	Nhp h	π (percentage)	D	Fu's Fs	SSD	HRI
	Maria	Australes	5	3	0.70 +/-0.22	0.43 +/-0.34 -1.12 NS 0.64 NS	0.09 NS 0.29 NS
	Tubuai		5	4	0.90 +/-0.16	0.65 +/-0.48 -0.75 NS -0.33 NS	0.17 NS 0.67*
	Raivavae		27 11 0.70 +/-0.10	0.61 +/-0.37 -2.12** -2.92 NS	0.55*** 0,06 NS
	Mangareva	Gambier	8	3	0.61 +/-0.16	0.71 +/-0.46 0.26 NS 2.75 NS	0.16 NS 0.29 NS
	Reao Tatakoto	Tuamotu East	10 6 10 5	0.84+/-0.10 0.82 +/-0.10	0.88 +/-0.54 0.21 NS -0.10 NS 0.50 +/-0.34 -1.53 NS -0.27 NS	0.10 NS 0.15 NS 0.05 NS 0.19 NS
	Hao		10 2	0.20 +/-0.15	0.04 +/-0.07 -1.11 NS -0.34 NS	0.33 NS 0.4 NS
	Makemo Kauehi	Tuamotu West	11 4 5 3	0.67+/-0.12 0.80 +/-0.16	0.49 +/-0.33 -1.72* 0.52 +/-0.39 0 NS	1.05 NS 0.95 NS	0.023 NS 0.07 NS 0.11 NS 0.36 NS
	Tikehau		6	3	0.80 +/-0.12	0.93 +/-0.62 1.28 NS 2.58 NS	0.14 NS 0.22 NS
	Kaukura		4	3	0.83 +/-0.22	0.87 +/-0.65 -0.82 NS 1.16 NS	0.16 NS 0.31 NS
	Apataki		5	5	1.00 +/-0.13	1,01 +/-0.74 1.19 NS	-1.17 NS	0.12 NS 0.20 NS
	Moorea	Society	7	3	0.67 +/-0.16	1,18 +/-0.74 1.77 NS 3.76 NS	0.21*	0.49*
	Tahiti West		181 31 0.77 +/-0.03	0.69 +/-0.40 -1.18 NS -13.96*** 0.70 NS 0.18*
	Tahiti South		8	3	0.46 +/-0.20	0.43 +/-0.31 -1.70*	1.57 NS	0.31*** 0.23 NS
	Tahiti North		12 5	0.58 +/-0.16	0.63 +/-0.40 -0.84 NS 0.69 NS	0.12 NS 0.34 NS
	*0,05≥P≥0,01; **0,01>P≥0,001; ***P<0,001; NS, not significant.			

Table S4 . Migrant values

 S4 

		Archipelago		Australes		Gambier		Society				Tuamotu
		Island	Maria	Tubuai Raivavae Mangareva East Tahiti South Tahiti West Tahiti Moorea Tikehau	Apataki Kaukura Reao	Tatakoto	Hao	Makemo Kauehi
		Maria									
	Australes	Tubuai	inf								
		Raivavae	inf	inf							
	Gambier Mangareva 28.60465	inf	17.87854						
		East Tahiti	inf	inf	185.47826	inf					
	Society	South Tahiti West Tahiti 1.94472 1.84711 1.70867 inf inf inf	inf 2.0279	inf 1.98359	2.21879			
		Moorea	2.60756 6.08018 1.95033	inf	6.02284	4.20645	1.10307		
		Tikehau	0.6721 1.06232 0.66562	2.27813	1.15385	0.84071	0.60545	inf	
		Apataki	0.93137 1.3961	0.76598	3.17622	1.45506	1.10504	1.18052	inf	inf
		Kaukura	0.45977 0.70588 0.50328	1.47676	0.82115	0.55914	0.57303	42.82353	inf	inf
	Tuamotu	Reao Tatakoto	0.39567 0.4933 0.17617 0.22765 0.22541 0.36932	0.69835 0.34394	0.51751 0.2754	0.43751 0.20654	0.73633 0.39671	1.25266 0.66918	1.714 1.08966	77.63158 3.60802 2.85714 2.16359	143.5
		Hao	0.04436 0.06974 0.13527	0.13249	0.12634	0.06788	0.28733	0.2688	0.31632	0.5505	0.3179 2.28571	14.125
		Makemo	0.21039 0.28524 0.27471	0.46452	0.35139	0.25676	0.31529	1.10572 23.17362	2.16635	inf	0.89039 0.97328 0.32192
		Kauehi	0.16667 0.24368 0.22623	0.37557	0.28608	0.19624	0.25657	0.93811	3.97714	1.66667	6.27907 0.81625 0.80679 0.19588 25.58947
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