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Introduction

Host-associated microbiota are organized into trophic groups of microorganisms that interact with each other and the organ they colonize. These microorganisms come from the parents (vertical transmission) or from the immediate environment (horizontal transmission). The colonized tissues offer particular physicochemical conditions, and act as micro-habitats. Both the host and its associated microbiota contribute to the metabolic speci city of these organs. As a result, each tissue is colonized by speci c microbiota communities that are both complex and dynamic [1]. Associated microorganisms contribute to varying degrees to many metabolic processes and gene expressions that can have major impacts on host nutrition, detoxi cation, growth, immune system development and resistance to infections [2][3][4]. They probably play a key role in hosts acclimation to different ecological conditions in uctuating environments as coastal zones.

It has been shown that marine host-associated microbiota may be in uenced by different biotic and abiotic factors (season, location, host age, health and genotype) [START_REF] Gil-Agudelo | Changes in the microbial communities associated with Gorgonia ventalina during aspergillosis infection[END_REF][6][START_REF] Littman | Diversities of coral-associated bacteria differ with location, but not species, for three acroporid corals on the Great Barrier Reef[END_REF][8]. Being lter-feeders, bivalves interact with numerous microorganisms coming from the environment. They maintain tissue-speci c microbiota that differ from that of their surrounding environment [START_REF] Harris | The presence, nature, and role of gut micro ora in aquatic invertebrates: A synthesis[END_REF], indicating that both organisms and tissues select the bacteria they host lters [START_REF] Sakowski | The microbiome of the eastern oyster, Crassostrea virginica, in health and disease[END_REF][START_REF] Offret | The marine intertidal zone shapes oyster and clam digestive bacterial microbiota[END_REF]. Nonetheless, these host-associated microbiota may vary spatially and temporally re ecting seasonal changes and geographic location [START_REF] Lokmer | Hemolymph microbiome of Paci c oysters in response to temperature, temperature stress and infection[END_REF][START_REF] Cúcio | Rhizosphere microbiomes of European seagrasses are selected by the plant, but are not species speci c[END_REF][START_REF] Sharp | Season, but not symbiont state, drives microbiome structure in the temperate coral Astrangia poculata[END_REF][START_REF] Woo | Geographical variations in bacterial communities associated with soft coral Scleronephthya gracillimum[END_REF][16]. Intrinsic factors, like life stage, genetic, host tissue or host taxonomy may also induce different variations in terms of microbiota composition and dynamic [START_REF] Fernández | Changes in the composition and diversity of the bacterial microbiota associated with oysters (Crassostrea corteziensis, Crassostrea gigas and Crassostrea sikamea) during commercial production[END_REF][18][START_REF] King | Regional and oyster microenvironmental scale heterogeneity in the Paci c oyster bacterial community[END_REF]. However, the mechanisms underlying the interactions in bivalve microbiota and how these ones are likely to modify their host acclimation to a changing environment are still largely unknown.

The Manila clam (Ruditapes philippinarum), is a sediment burrower that mainly ingests benthic microalgae and sedimented phytoplankton [START_REF] Simons | High turnover of faecal microbiome from algal feedstock experimental manipulations in the Paci c oyster (Crassostrea gigas)[END_REF]. Its microbiota is in uenced by environmental factors such as season [START_REF] Meisterhans | Structure of Manila Clam (Ruditapes philippinarum) Microbiota at the Organ Scale in Contrasting Sets of Individuals[END_REF], contaminants [START_REF] Milan | Microbiota and environmental stress: how pollution affects microbial communities in Manila clams[END_REF], and intertidal position [START_REF] Offret | The marine intertidal zone shapes oyster and clam digestive bacterial microbiota[END_REF]. They also differ among heart, gonad, mantle, hemolymph, gills or gut [START_REF] Meisterhans | Structure of Manila Clam (Ruditapes philippinarum) Microbiota at the Organ Scale in Contrasting Sets of Individuals[END_REF][START_REF] Leite | Phylogenetic diversity and functional characterization of the Manila clam microbiota: a culture-based approach[END_REF], indicating an organ-speci c microbiota. This suggests that factors may have different effects on microbiota dynamics depending on the considered tissues, and so differently affect their functions.

Almost nothing is known about clam's extrapallial uids microbiota, although this compartment plays an important role in immunity and calci cation processes [START_REF] Allam | Bivalve immunity and response to infections: Are we looking at the right place? Fish Shell sh[END_REF], which could be in uenced by microbial changes. Indeed, it has been previously shown that microbiota from extrapallial uids of Eastern oyster (Crassostrea virginica) is in uenced by location and season [START_REF] Sakowski | The microbiome of the eastern oyster, Crassostrea virginica, in health and disease[END_REF].

Microbiota is important in adaptation to uctuating environment like the intertidal zone, and that bivalves are good models for that. To highlight speci c responses of tissue-associated microbiota in the face of environmental small-scale variations, we investigated the dynamics of clam microbiota during the spring revival, a period that is characterized by marked environmental changes impacting the host species [START_REF] Lavaud | New insights into the seasonal feeding ecology of Pecten maximus using pigments, fatty acids and sterols analyses[END_REF].

Animals were deployed at two tidal levels, and were sampled in February, March and April. Two tissues that are differently exposed to the environment were compared (with and without depuration), the extrapallial uids (EF), which are at the interface between the animal and the environment, and the digestive glands (DG), an internal organ that is exposed to what is ingested. This study will provide a better understanding of the dynamic and scales of variation of microbiota associated with the DG and EF of healthy clams in natural conditions.

Experimental Procedures

Experimental design

The Manilla clams Ruditapes philippinarum were hatched in April 2016 and were provided by a commercial exploitation (SATMAR, France). In October 2017, clams were placed at the site IFREMER Br08 located in the Bay of Brest at Pointe du Château (48° 20' 06.19" N, 4° 19' 06.37" W, Britany, France) at two different intertidal levels corresponding to 20% (L20) and 56% (L56) of exondation time (Fig. 1) in two duplicated mesh bags.

Healthy clams (i.e. without signs of Brown Ring Disease) were collected from the two intertidal levels over three consecutive days (to avoid sampling bias) in T1 (February 2018, 19.6 ± 3.4 mm), T2 (March 2018, 18.1 ± 2.4 mm) and T3 (April 2018, 19.5 ± 2.8 mm). For each sampling day, sediments were sampled in triplicate at each level, next to the clams, and seawater was collected in triplicate 2h before low tide. The seawater samples (1L) were successively passed through 8 (SW8) and 0.22 μm (SW022) polycarbonate lters (Whatman, USA) that were kept at -80°C until DNA extraction and sequencing. For each day, clams (n=10) were collected by level for bacterial microbiota analyses, and half of them (n=5) were directly dissected for tissue sampling, while others (n=5) were transferred to the laboratory and grouped by day and intertidal level for depuration process in order to empty the DG and reduce environmental microorganisms [26]. After 14 days in tanks (30 L) fed with ow-through (3 L / min) ltered seawater (10 and 5 μm sand lters and UV treatment before two 1 µm lters, and a second UV treatment), tissues were dissected and collected before DNA extraction. Tanks were cleaned every day to avoid bio lm formation and bacterial proliferation. No feed was added.

Bacterial genomic DNA sequencing

Microbiota analyses were performed from digestive glands (DG) and extrapallial uids (EF) of both depurated and non-depurated clams, as detailed by Offret et al., [START_REF] Offret | The marine intertidal zone shapes oyster and clam digestive bacterial microbiota[END_REF]. Brie y, DG and EF were aseptically dissected from clams directly after sampling or after depuration. Bacterial genomic DNA from both clam tissues and environmental samples were extracted using the PowerLyzer PowerSoil DNA Isolation Kit (Qiagen, USA). For each sample, the DNA was ampli ed by PCR targeting the variable V3V4 region coding for the bacterial 16S rRNA gene using the 341F (5'-CCTACGGGNGGCWGCAG -3') and 805R (5'-GACTACHVGGGTATCTAATCC-3') primers [START_REF] Herlemann | Transitions in bacterial communities along the 2000 km salinity gradient of the Baltic Sea[END_REF]. Finally, paired-end sequencing with a 300-pb read length was performed at McGill University (Génome Quebec Innovation Centre, Montréal, Qc, Canada) on a MiSeq system (Illumina).

Bacterial microbiota analysis

Sequences were processed with the Galaxy-supported FROGS pipeline (« Find, Rapidly, OTUs with Galaxy Solution »). This pipeline was developed in order to analyze large sets of amplicon sequences and produce abundance tables of Operational Taxonomic Units (OTUs) with their taxonomic a liation [28].

Firstly, bacterial 16S rDNA sequences of samples were pre-process. Paired-end reads were merged using Flash [START_REF] Magoč | FLASH: fast length adjustment of short reads to improve genome assemblies[END_REF] with 10% mismatch tolerated. Primers and adapters were removed using cutadapt [START_REF] Martin | Cutadapt removes adapter sequences from high-throughput sequencing reads[END_REF]. Clustering was achieved using the Swarm method with an aggregation distance (d=3) [START_REF] Mahé | Swarm: robust and fast clustering method for ampliconbased studies[END_REF]. Afterwards, chimeras were detected and removed with VSEARCH (de novo UCHIME method) before applying a crosssample validation step [28,[START_REF] Edgar | UCHIME improves sensitivity and speed of chimera detection[END_REF][START_REF] Rognes | VSEARCH: a versatile open source tool for metagenomics[END_REF]. Next, a relative abundance lter was applied on OTUs with a threshold of 0.005% (of global relative abundance), as recommended by Bokulich et al., [START_REF] Bokulich | Quality-ltering vastly improves diversity estimates from Illumina amplicon sequencing[END_REF]. Taxonomic a liation was done on this new data by blastn+ [START_REF] Camacho | BLAST+: architecture and applications[END_REF], using the Silva 132 16S database [36] formatted to include taxonomic levels up to species [28]. For analysis, cyanobacterial and eukaryotic sequences (chloroplast and mitochondrial 16S rRNA gene from algal cells) were removed.

Statistical analyses 2.4.1. Relative abundance and α-diversity

The relative abundance of the whole bacterial microbiota communities was assessed at the order level at each period [8]. Microbiota α-diversity was assessed at the OTUs level and the rare ed richness and Shannon indices were computed. The period, level, tissue and depuration effects (and their interactions) were tested on clam's α-diversity indices. For the environmental samples, the effects of period and level (and their interaction) were tested on the sediment and the effects period and lter (and their interaction) on the seawater. For each model, the effects were tested using a linear model on Box-Cox transformed data and a Generalized Linear Model (GLM) on non-transformed data. The linear model was either a two-way analysis of variance (ANOVA) or an analysis of covariance (ANCOVA) with the number of sequences as a co-variable. Finally, the models with the greater adjusted R 2 were kept.

β-diversity

Microbial communities β-diversity was also assessed at the OTUs level. On the one hand, the OTUs abundances tables were transformed using the Box-Cox-chord transformation with exponent 0 which corresponds to a log-chord transformation [START_REF] Legendre | Box-Cox-chord transformations for community composition data prior to beta diversity analysis[END_REF]. Then, the variation in microbiota composition and structure between all samples was visualized with a PCA of these transformed OTUs abundances. The effects of period, level and their interactions were tested using PERMANOVA [38] when group dispersions were homogeneous. Multivariate homogeneity of group dispersions was assessed for the DG, EF, sediments and seawater samples separately. All analyses were carried out using R3.6.2 [START_REF] Team | R: A language and environment for statistical computing[END_REF], with functions from the phyloseq [START_REF] Mcmurdie | phyloseq: an R package for reproducible interactive analysis and graphics of microbiome census data[END_REF], vegan [41], emmeans [42], RAM [43] and VIM [START_REF] Kowarik | Imputation with the R Package VIM[END_REF] packages.

Results

Sequences analysis information

The total number of sequences before processing was 13 406 675. After processing, 7 369 012 sequences were kept (i.e. 54.97 %). After removing sequences a liated to chloroplasts and samples with a number of sequences reads inferior to 3 000, 432 samples were kept: 160 DG's samples, 177 EF's samples, 41 sediment's samples and 54 seawater's samples (27 SW8 and 27 SW022). The swarm clustering produced 1 255 different OTUs, which were identi ed in GD (1152), EF (1 201), sediments (935) and seawater (1 057 and 972 into SW8 and SW022 fractions, respectively). The mean number of sequences reads by sample was 16 063 ± 332 for all samples: 15 297 ± 478 for the DG, 19 251 ± 446 for the EF, 5 487 ± 203 for the sediments, 15 917 ± 851 for the seawater (10 924 ± 601 for SW8 and 20 910 ± 824 for SW022).

α-diversity comparison for clam tissues and environmental samples

The effect of the number of sequence reads was signi cant for observed richness (F = 7.6, P < 0.01) justifying the use of a Rare ed richness for describing α-diversity patterns. Models applied to clam's tissues microbiota α-diversity indexes (rare ed richness and Shannon indices) highlighted two main factors: Depuration and Tissue (including the seawater fractions), followed by the Period (Fig. 2). The Depuration induced a signi cant decrease of Rare ed richness (F = 4.7, P < 0.01) and Shannon indices (F = 62.2, P < 0.001), while Tissue differences results in an average EF α-diversity that were always signi cantly higher than those for the GD (Rare ed richness: F = 29.4, P < 0.001; Shannon: F = 14.6, P < 0.001). The two seawater fractions exhibited two clearly different α-diversity, where the bacterial communities from SW8 fraction were always greater than those from the SW022 one (Rare ed richness: F = 211.9, P < 0.001). Nonetheless, on average α-diversity of microbiota associated with the two clam tissues was always signi cantly lower than those of bacterial communities from sediment and SW8 (post-hoc Tukey test, P < 0.001).

The Period factor was signi cant for all models, except for the Shannon indices of sediment (F = 1.4, P > 0.05). Overall regarding both indices, average α-diversity of bacterial communities from non-depurated DG and seawater samples, signi cantly decreased during the studied period, notably between T1 and T3 (post-hoc Tukey test, P < 0.001). In the other hand, non-depurated EF and sediment alpha diversities signi cantly increased between T1 and T3.

Order level bacterial diversity from clam tissues and environmental samples

Based on the 30 most abundant bacterial orders, DG, EF, sediment and seawater fractions showed clearly distinct bacterial communities in terms of both abundance and taxa composition (Fig. 3). The two fractions of seawater (SW8 and SW022) were dominated by the orders Rhodobacterales (55-70 % in SW022 and 20-30 % in SW8) and Flavobacteriales (12-15% in SW022 and 10-22 % in SW8). However, their composition differed for less abundant orders (inferior to 6% of total abundance). Indeed, SW022's bacterial community was mostly composed of Oceanospirillales and Cellvibrionales, whereas SW8's bacterial community was more diverse with Cellvibrionales, Desulfobacterales, Campylobacterales, Pirellulale, Rhizobiales, Verrucomicrobiales, Clostridiales and Myxococcales present in low abundance (inferior to 5%). Sediment bacterial communities were mostly composed of numerous few abundant orders, accounting for more than 25% of the total abundance, while the most abundant orders were mainly a liated to Desulfobacterales (13-19%), Actinomarinales (6-8%), Campylobacterales (5-7%), Microtrichales (5-7%) and Rhizobiales (4-6%).

The non-depurated clams, DG microbiota was mostly composed in a decreasing order of contribution, Rickettsiales, Mycoplasmatales, Diplorickettsiales, Spirochaetales, Pirellulales, Clostridales, Oceanospirillales and Flavobacteriales. DG microbiota from clams sampled in T1 was characterized by a lower relative abundance of Rickettsiales and a higher relative abundance of Spirochaetales and Clostridiales, while higher relative abundances of Campylobacterales and Flavobacteriales were observed respectively in T2 and T3. One of the most abundant order found in DG microbiota, the Diplorickettsiales, drastically decreased in T3 compared to T1 and T2. In depurated clams, the DG microbiota was globally composed of the same orders as non-depurated clams, but in different abundances. The main changes were observed for Spirochaetales, increasing from around 6% to 20% between the non-depurated and depurated clams, while Pirellulales abundances were divided by 7 in depurated clams.

Although it harbored some taxa (at the order level) in common, EF microbiota of non-depurated clams was clearly different from that of the DG's. It was mainly composed of Oceanospirillales, Spirochaetales, Rickettsiales, Flavobacteriales, Sneathiellales, Campylobacterales, and also Rhodobacterales, Francisellales, Verrucomicrobiales, Cellvibrionales and Alteromonadales, those last clearly contributing to the differences with DG microbiota. In T1, the EF microbiota was characterized by a higher relative abundance of Rickettsiales and Oceanospirillales and a lower abundance of Alteromonadales, Sneathiallales and Rhodobacterales. A higher relative abundance of Campylobacterales and Flavobacteriales were observed in T2 and T3, respectively. In EF microbiota from depurated clams, the same orders were globally found than in non-depurated clams but in different abundances, notably for Alteromonadales, Francisellales and Pseudomonadales which were present in much higher abundances, whereas Flavobacteriales and Rhodobacterales were reduced.

Factors in uencing Beta diversity

From this point on, results are those of analyses conducted at the OTU's level. PCA (Fig. 4) allow clearly discriminating sample matrix (clams vs sediment and seawater on PC1), seawater fractions (SW8 vs SW022 on PC2) and clam tissues (EF vs DG on PC2). The SW8 bacterial community was more similar to that of sediments, whereas the one from SW022 was more similar to that of the EF.

Homogeneity of variances was previously tested for each sample grouping, revealing that multivariate dispersion was not homogenous (Fig. 5) for both DG (F = 17.333, P < 0.001, 999 permutations) and EF tissues (F = 6.893, P = 0.001, 999 permutations). Using the betadisper function, the DG microbiota had a higher heterogeneity of group dispersions than EF. The heterogeneity of dispersions occurred between the depurated samples of L56 in T3 and all the groups in T1 (Fig. 5A). It also occurred between the nondepurated samples of L20 in T2 and all the groups in T2. The dispersions were also heterogeneous between T1 and T3. In the case of the EF's microbiota (Fig. 5B), the heterogeneity of dispersions implied three groups of clams: the depurated at L20 in T1, the non-depurated at L56 in T2 and all the depurated in T3. The L20 levels of T2 and T3 seemed more similar to T1 (L20 and L56) than to L56. For the depurated clams, all clusters were overlapping, indicating a more similar community over the three periods. However, L56 and L20 of the three periods tended to pull away from each other and the centroid, indicating differences between levels.

Regarding the DG bacterial microbiota (Fig. 5a), a high heterogeneity of dispersion, which increased between T1 and T3, was observed. However, it did not prevent us from seeing the dynamic of the microbiota. A clear distinction between depurated and non-depurated clam's microbiota was observed along the rst axis of the PCA for both levels (L20 & L56) in T1 and T2, which was much less the case in T3. For the non-depurated clams, the DG bacterial microbiota in T1 and T2 were very close regardless of the levels, no period or level effects were observed. It is only in T3 that the DG bacterial microbiota detached (especially for L20) from T1 and T2, and that a slight level effect appeared. For the depurated clams, the DG microbiota were more similar between the three periods. Moreover, in that case the level effect was more pronounced in T2 than in T3.

For the EF bacterial microbiota (Fig. 5b), compared to the DG microbiota, the distinction between depurated and non-depurated was clearer along the rst axis, as clusters did not overlap in the PCA regardless of levels and periods. The EF microbiota behaved differently from the DG ones. In T1, no level effect was visible (as for the DG), but in T2 and T3 the level effect becomes more important than the period effect, with a clear distinction between levels regardless of the time period. The L56 levels were clearly distinct from the other ones in both T2 and T3.

The PCA representing the sediments communities (Fig. 5c) showed a level effect but no period effect. Only the L56 samples in T1 appeared to have a distinct microbiota from other L56 samples. Multivariate analysis of variance on the Box-Cox transformed and standardized environmental data reveals a period effect (F = 1.77, P = 0.025, R² adj = 0.069), the level (F = 9.25, P = 0.001, R²adj = 0.18) and their interaction (F = 1.59, P = 0.041, R²adj = 0.062). The seawater's bacterial community (Fig. 5d) was clearly different between the three periods and the two lters. The heterogeneity of dispersion between the groups did not allow a multivariate analysis of variance (F = 3.6108, P = 0.037, 999 permutations).

Discussion

In this study, we investigated the diversity and the temporal dynamic of the DG and EF microbiota from Manilla clams placed on two intertidal levels in the foreshore during spring revival. Results brought more information regarding speci city of clam tissue microbiota, while both small spatial and temporal scales signi cantly contributed to the shaping of the DG and EF microbiota. The observed differences were attributed in a decreasing order to the depuration process, the tissue, the sampling period and nally to the intertidal level. Furthermore, different dynamics were clearly observed depending on the tissue and intertidal level.

The environmental contribution to the clam holobiont

Regarding clam microbiota, both DG and EF were clearly different from the environment, although the bacterial communities in the surrounding seawater and sediments contributed to the microbiota shaping. Indeed, EF microbiota was much closer to environmental bacterial communities than DG microbiota, especially from the 0.22-8 μm seawater fraction, suggesting a higher proximity between EF and seawater (free and small particles associated bacteria) than with the digestive glands. OTUs present in the clams DG microbiota, such as Rickettsiales, Mycoplasmatales, Diplorickettsiales, Spirochaetales, Oceanospirillales and Flavobacteriales, as commonly found in clams DG [START_REF] Offret | The marine intertidal zone shapes oyster and clam digestive bacterial microbiota[END_REF][START_REF] Milan | Microbiota and environmental stress: how pollution affects microbial communities in Manila clams[END_REF], with Mycoplasmatales and Rickettsiales attributed to the core members [START_REF] Milan | Microbiota and environmental stress: how pollution affects microbial communities in Manila clams[END_REF]. EF microbiota harbored a high abundance of taxa orders such as Rhodobacterales, similar to those found in seawater but not in the DG. This is probably the result of a direct exchanges between seawater and EF, maybe through the pallial line, possibly associated with less stringent EF physical and chemical conditions for the seawater bacteria than in the DG. To the author's knowledge, EF microbiota of Manila clams has never been described so far. However, Rickettsiales and Flavobacteriales were already found in high abundance in EF microbiota from another bivalve species, the Eastern Oyster Crassostrea virginica [START_REF] Sakowski | The microbiome of the eastern oyster, Crassostrea virginica, in health and disease[END_REF].

Tissue-speci c of clam microbiota dynamics

This study revealed a different response of the two-tissue microbiota over time. Even if both DG and EF microbiota showed a strong temporal variability in terms of α-diversity, EF's α-diversity signi cantly increased over time in their natural environment, whereas that of the DG's decreased. Indeed, organ microbiota are shaped by the organ's physiological role, notably digestion and shell mineralization for DG and EF, respectively (Wilbur and Saleuddin, 1983; [START_REF] Allam | Defense factors in clam extrapallial uids[END_REF]). On the one hand, the Manila clam's different organs are known to be bacterial niches with unique features [START_REF] Meisterhans | Structure of Manila Clam (Ruditapes philippinarum) Microbiota at the Organ Scale in Contrasting Sets of Individuals[END_REF], and so they could be considered as different micro-habitats. On the other hand, this could be linked to environmental variations, such as temperature and dissolved oxygen which have already been shown to impact EF microbial composition of Paci c Oysters [START_REF] Sakowski | The microbiome of the eastern oyster, Crassostrea virginica, in health and disease[END_REF]. Regarding DG microbiota, a higher α-diversity has been described from hepatopancreas microbiota of the Manilla clams sampled in winter than in summer [START_REF] Milan | Microbiota and environmental stress: how pollution affects microbial communities in Manila clams[END_REF]. We hypothesize that the observed decrease of bacterial α-diversity in clam DG, could be caused by presence of other water associated microorganisms such as micro-eukaryotes.

In addition to the temporal heterogeneity, a tidal level effect has also been observed for both DG and EF, but their dynamics were very different. The greater effect of the intertidal level on EF microbiota in T2 and T3 may be explained by a greater heterogeneity of environmental conditions in L56 since the immersion period was shorter. Microbiota from bivalve uids seemed to be particularly sensitive to the sampling zone as it was shown for hemolymph's microbiota from the Paci c Oyster [START_REF] Lokmer | Spatial and Temporal Dynamics of Paci c Oyster Hemolymph Microbiota across Multiple Scales[END_REF]. These results seem to hint that EF microbiota are more impacted by environmental variations when they are placed in the upper part of the foreshore. On the contrary, DG microbiota were more impacted by the period when they were placed in the lower part of the foreshore (L20), which was under a greater in uence of sea water and feeding sources. So, depending on the considered tissue, microbiota dynamics vary with intertidal position. 4.3. GD are more stringent environmental lters than EF Analysis of β-diversity components (data not shown) also revealed distinct variations between the twotissue microbiota. EF bacterial microbiota differences between individuals were mostly driven by species replacement for the all three sampling periods. It is thus hypothesized that EF reached maximum niche occupancy. On the other hand, DG bacterial microbiota β-diversity was mostly driven by richness difference, except for clams sampled in T1. These results highlight the possibility that OTUs richness might be more constrained in EF and less so in DG.

In addition to the fact that α-diversity was higher in the EF microbiota, depuration process more affected EF than GD may illustrate that EF microbiota is composed of more transient microorganisms coming from the surrounding sea water. The analysis of β-diversity revealed a higher dispersion in DG microbiota compared to EF microbiota, illustrating a higher within-tissue diversity in the DG. All these results revealed that DG is a potentially more stringent environmental lter than EF.

In conclusion, this study has shown that environmental variations may have a strong in uence on clam microbiota, through impact on both digestive gland and extrapallial uids associated bacteria. DG and EF presented their own microbiota speci city in terms of abundance, richness and dynamics. Furthermore, clam's tissue could be considered as distinct habitats from the bacterial OTUs point of view, as they presented different responses to either small-scale temporal and spatial variabilities or to a depuration process, illustrating that they their selection processes differ. These differences underlined that DG could be a more stringent micro-habitat probably linked to its particular physico-chemical conditions. This study helps to have a better understanding of the Manila Clam's microbiota dynamic in the face of environmental variation, and especially of the EF microbiota which is still very poorly known. 
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