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Endogenous versus exogenous factors: what matters for vent mussel communities?

Introduction

Compared to the sedimentary environments of the deep ocean, hydrothermal vent ecosystems are spatially limited and host high biomass of endemic fauna [START_REF] Wright | Energy supply and patterns of species richness on local and regional scales[END_REF][START_REF] Van Dover | Diversity at deep-sea hydrothermal vent and intertidal mussel beds[END_REF]. These ecosystems are often dominated by large dominant engineer species (siboglinids, mytilids, alvinocaridids, alvinellids) that live in association with exo-or endosymbiotic microorganisms [START_REF] Govenar | Energy Transfer through Food Webs at Hydrothermal Vents: Linking the Lithosphere to the Biosphere[END_REF]. These foundation species provide a substratum, a refuge, and food to various associated meio-and macrofaunal taxa [START_REF] Van Dover | Community structure of mussel beds at deep-sea hydrothermal vents[END_REF], 2003;[START_REF] Zekely | Hydrothermal vent meiobenthos associated with mytilid mussel aggregations from the Mid-Atlantic Ridge and the East Pacific Rise[END_REF][START_REF] Govenar | Experimental evidence of habitat provision by aggregations of Riftia pachyptila at hydrothermal vents on the East Pacific Rise[END_REF]. They are distributed along a gradient between cold oxygenated seawater (<9°C) and hot (up to 400°C) acidic hydrothermal fluids (e.g. [START_REF] Gebruk | Ecology and Biogeography of the Hydrothermal Vent Fauna of the Mid-Atlantic Ridge[END_REF][START_REF] Marsh | Microdistribution of Faunal Assemblages at Deep-Sea Hydrothermal Vents in the Southern Ocean[END_REF][START_REF] Sen | Distribution of mega fauna on sulfide edifices on the Eastern Lau Spreading Center and Valu Fa Ridge[END_REF]. Over the years, several studies have demonstrated the influence of environmental conditions on species distribution and dynamics at the scale of the large hydrothermal sulfide edifices (e.g. [START_REF] Sarrazin | Biological and geological dynamics over four years on a high-temperature sulfide structure at the Juan de Fuca Ridge hydrothermal observatory[END_REF]1999, Sarrazin andJuniper, 1999 ;[START_REF] Van Dover | Community structure in mussel beds at Logatchev hydrothermal vents and a comparison of macrofaunal species richness on slowand fast-spreading mid-ocean ridges[END_REF][START_REF] Copley | Spatial and interannual variation in the faunal distribution at Broken Spur vent field (29 N, Mid-Atlantic Ridge)[END_REF][START_REF] Copley | Assessment of decadal-scale ecological change at a deep Mid-Atlantic hydrothermal vent and reproductive time-series in the shrimp Rimicaris exoculata[END_REF][START_REF] Cuvelier | Distribution and spatial variation of hydrothermal faunal assemblages at Lucky Strike (Mid-Atlantic Ridge) revealed by high-resolution video image analysis[END_REF]Cuvelier et al. , 2011aCuvelier et al. , b, 2014a, b;, b;[START_REF] Fabri | The hydrothermal vent community of a new deep-sea field, Ashadze-1, 12 58′ N on the Mid-Atlantic Ridge[END_REF][START_REF] Kim | Hydrothermal vent community zonation along environmental gradients at the Lau back-arc spreading center[END_REF][START_REF] Sen | Distribution of mega fauna on sulfide edifices on the Eastern Lau Spreading Center and Valu Fa Ridge[END_REF][START_REF] Sarrazin | Biodiversity patterns, environmental drivers and indicator species on a high-temperature hydrothermal edifice, Mid-Atlantic Ridge[END_REF] and have shown that edifice 1 walls are characterized by a high degree of faunal heterogeneity linked to the patchiness of vent emissions [START_REF] Sarrazin | Biological and geological dynamics over four years on a high-temperature sulfide structure at the Juan de Fuca Ridge hydrothermal observatory[END_REF]Juniper 1999;[START_REF] Luther | Chemical speciation drives hydrothermal vent ecology[END_REF][START_REF] Gollner | Diversity of Meiofauna from the 9°50'N East Pacific Rise across a gradient of hydrothermal fluid emissions[END_REF][START_REF] Podowski | Biotic and abiotic factors affecting distributions of megafauna in diffuse flow on andesite and basalt along the Eastern Lau Spreading Center, Tonga[END_REF][START_REF] Fabri | The hydrothermal vent community of a new deep-sea field, Ashadze-1, 12 58′ N on the Mid-Atlantic Ridge[END_REF][START_REF] Marsh | Microdistribution of Faunal Assemblages at Deep-Sea Hydrothermal Vents in the Southern Ocean[END_REF][START_REF] Nye | Spatial variation in the population structure and reproductive biology of Rimicaris hybisae (Caridea: Alvinocarididae) at hydrothermal vents on the Mid-Cayman Spreading Centre[END_REF][START_REF] Sarrazin | Biodiversity patterns, environmental drivers and indicator species on a high-temperature hydrothermal edifice, Mid-Atlantic Ridge[END_REF][START_REF] Husson | Picturing thermal niches and biomass of hydrothermal vent species[END_REF]. Particularly important are the reduced chemical compounds that are involved in chemosynthetic pathways such as hydrogen sulfide, methane, iron and hydrogen [START_REF] Jannasch | The chemosynthetic support of life and the microbial diversity at deepsea hydrothermal vents[END_REF][START_REF] Schmidt | Interactions of deep-sea vent invertebrates with their environment: The case of Rimicaris exoculata[END_REF][START_REF] Luther | Chemistry, Temperature, and Faunal Distributions at Diffuse-Flow Hydrothermal Vents Comparison of Two Geologically Distinct Ridge Systems[END_REF]. The concentrations of metals and oxygen are other potential factors influencing species distribution at small-scales [START_REF] Desbruyères | A review of the distribution of hydrothermal vent communities along the northern Mid-Atlantic Ridge: dispersal vs. environmental controls[END_REF][START_REF] Martins | Relationship between metal levels in the vent mussel Bathymodiolus azoricus and local microhabitat chemical characteristics of Eiffel Tower (Lucky Strike)[END_REF], Cuvelier et al. 2014b). A few studies have looked at inter-field variations, which can be related to a series of factors including the physical mechanisms involved in their connection or isolation, local abiotic conditions, biological interactions, and habitat instability (see [START_REF] Ramirez-Llodra | Man and the Last Great Wilderness: Human Impact on the Deep Sea[END_REF] for a review). Today, deep-sea mineral resources are increasingly coveted, and it is now urgent to gain a better understanding of the functioning and dynamics of deep-sea faunal communities, particularly at different spatial and temporal scales. However, our knowledge on the role of larger, field-scale patterns on community structure is still limited.

At global scales, it has been shown that the factors influencing the structure of vent communities are not necessarily similar across geographical regions. For example, on the Mid-Atlantic Ridge (MAR), one study demonstrated that the similarity among assemblages of different foundation species within the same hydrothermal field is higher than among assemblages of the same foundation species from different fields and depths, suggesting a strong influence of local field characteristics [START_REF] Rybakova | Hydrothermal assemblages associated with different foundation species on the East Pacific Rise and Mid-Atlantic Ridge, with a special focus on mytilids[END_REF]. On the contrary, on the East Pacific Rise (EPR), similarity is higher among assemblages of the same foundation species from different fields located at the same depth than among assemblages of different foundation species from the same field, thus pointing to the role of engineer species in structuring communities [START_REF] Rybakova | Hydrothermal assemblages associated with different foundation species on the East Pacific Rise and Mid-Atlantic Ridge, with a special focus on mytilids[END_REF]. At the ridge scale (MAR), [START_REF] Goroslavskaya | Benthic fauna associated with mussel beds and shrimp swarms at hydrothermal fields on the Mid-Atlantic Ridge[END_REF] showed that faunal diversity between different faunal assemblages was probably influenced by the history of the sites.

In the present study, we continue to explore the role of environmental conditions on vent community structure at larger spatial scales. We considered two types of factors: those linked to exogenous factors such as the presence of biogeographical barriers, depth, and distance between sites, and those linked to the intrinsic characteristics of each field (endogenous factors, e.g. local abiotic conditions). The identification of their respective contributions on community structure is complex due to their close relationships [START_REF] Portail | Food-web complexity across hydrothermal vents on the Azores triple junction[END_REF]. Therefore, comparison of faunal assemblages, dominated by the same foundation species across vent fields can be used to discount, at least partially, the factors that may be related to the role of these engineering species and their habitats. Here, we focused on the assemblages dominated by the mytilid Bathymodiolus azoricus. This engineer species forms one of the three faunal assemblages that dominate vent sites of the northern MAR between 23°N and 37°N (Van Dover, 1995;[START_REF] Desbruyères | Variations in deep-sea hydrothermal vent communities on the Mid-Atlantic Ridge near the Azores plateau[END_REF][START_REF] Cuvelier | Distribution and spatial variation of hydrothermal faunal assemblages at Lucky Strike (Mid-Atlantic Ridge) revealed by high-resolution video image analysis[END_REF][START_REF] Sarrazin | Biodiversity patterns, environmental drivers and indicator species on a high-temperature hydrothermal edifice, Mid-Atlantic Ridge[END_REF][START_REF] Husson | Picturing thermal niches and biomass of hydrothermal vent species[END_REF]. The two others are dominated by alvinocaridid shrimp [START_REF] Desbruyères | Variations in deep-sea hydrothermal vent communities on the Mid-Atlantic Ridge near the Azores plateau[END_REF][START_REF] Marcon | Megafaunal distribution and assessment of total methane and sulfide consumption by mussel beds at Menez Gwen hydrothermal vent, based on geo-referenced photomosaics[END_REF][START_REF] Sarrazin | Biodiversity patterns, environmental drivers and indicator species on a high-temperature hydrothermal edifice, Mid-Atlantic Ridge[END_REF] and less commonly, by small gastropod assemblages (Sarrazin et al., in preparation). These assemblages colonize active hydrothermal sites patchily and are distributed according to local environmental conditions and distance from fluid emissions [START_REF] Cuvelier | Distribution and spatial variation of hydrothermal faunal assemblages at Lucky Strike (Mid-Atlantic Ridge) revealed by high-resolution video image analysis[END_REF][START_REF] Cuvelier | Community dynamics over 14 years at the Eiffel Tower hydrothermal edifice on the Mid-Atlantic Ridge[END_REF]. Of these three MAR assemblage, those dominated by B. azoricus are the most widespread, covering very large surface areas on the active vent sites (Sarrazin, pers. obs.). They offer secondary surfaces for other invertebrates to colonize, contributing to enhanced species diversity [START_REF] Goroslavskaya | Benthic fauna associated with mussel beds and shrimp swarms at hydrothermal fields on the Mid-Atlantic Ridge[END_REF]. Their presence in several vent fields on the northern MAR represents a unique opportunity to compare their associated fauna and to better understand large-scale biodiversity patterns with respect to environmental conditions.

The main goals of our study are to describe and compare the biological and environmental characteristics of different B. azoricus assemblages collected from three vent fields -Menez Gwen (MG), Lucky Strike (LS) and Rainbow (RB) -in the Azores Triple Junction on the MAR (Figure 1A). These vent fields differ in the chemistry of their end-member fluids, their depths as well as their geological settings. Here, we focus on the composition, abundance, and diversity of the macro-and meiofauna associated with the vent mussels. We address the following questions: (1) are there differences in community structure between different edifices in the same vent field?; (2) are there differences in community structure between mussel assemblages from different vent fields?;

(3) what are the roles of local (endogenous) and regional (exogenous) environmental conditions in the observed faunal patterns?

Materials and Methods

Study sites

The MG vent field (37° 50.6′N; 31° 31.5′W, Figure 1B) was discovered in 1994 during the DIVA1 cruise. Spreading over 55 km on the slope of a 700 m high volcano of the axial valley [START_REF] Yves | A detailed study of the Lucky-Strike hydrothermal site and discovery of a new hydrothermal site[END_REF][START_REF] Charlou | Compared geochemical signatures and the evolution of Menez Gwen (37°50′N) and Lucky Strike (37°17′N) hydrothermal fluids, south of the Azores Triple Junction on the Mid-Atlantic Ridge[END_REF], MG is one of the shallowest known vent system of the MAR, with a mean depth of 850 m. The hydrothermally active sites are concentrated on the southern and eastern flanks of this small volcano [START_REF] Charlou | Compared geochemical signatures and the evolution of Menez Gwen (37°50′N) and Lucky Strike (37°17′N) hydrothermal fluids, south of the Azores Triple Junction on the Mid-Atlantic Ridge[END_REF][START_REF] Desbruyères | Variations in deep-sea hydrothermal vent communities on the Mid-Atlantic Ridge near the Azores plateau[END_REF] and are partly colonized by large assemblages of B. azoricus vent mussels covered by Lepetodrilidae gastropods [START_REF] Marcon | Megafaunal distribution and assessment of total methane and sulfide consumption by mussel beds at Menez Gwen hydrothermal vent, based on geo-referenced photomosaics[END_REF]. Shrimp assemblages are visible close to the fluid. A third assemblage, dominated by gastropods and associated with the warmest habitats has been observed on some images [START_REF] Marcon | Megafaunal distribution and assessment of total methane and sulfide consumption by mussel beds at Menez Gwen hydrothermal vent, based on geo-referenced photomosaics[END_REF]. The Atos 10 marker site, sampled during this study, is located at a depth of 828 m, and covers an area of 59 m² [START_REF] Marcon | Megafaunal distribution and assessment of total methane and sulfide consumption by mussel beds at Menez Gwen hydrothermal vent, based on geo-referenced photomosaics[END_REF].

Discovered in 1993, the 1 km² wide LS vent field (37°17.5′ N; 32° 16.9′W, Figure 1C) lies at ~1700 m depth [START_REF] Langmuir | Hydrothermal vents near a mantle hot spot: the Lucky Strike vent field at 37°N on the Mid-Atlantic Ridge[END_REF]. It is found in the center of three volcanic cones that surround an ancient lava lake. The magmatic chamber is situated at 3 km depth below the seafloor, feeding about 20 active sulfide edifices [START_REF] Ondreas | Recent volcanic events and the distribution of hydrothermal venting at the Lucky Strike hydrothermal field, Mid-Atlantic Ridge[END_REF]. Similar to MG, the faunal assemblages at LS are largely dominated by B. azoricus mussel assemblages and, less commonly, by shrimp and gastropod assemblages [START_REF] Desbruyères | Variations in deep-sea hydrothermal vent communities on the Mid-Atlantic Ridge near the Azores plateau[END_REF][START_REF] Cuvelier | Distribution and spatial variation of hydrothermal faunal assemblages at Lucky Strike (Mid-Atlantic Ridge) revealed by high-resolution video image analysis[END_REF]Cuvelier et al., , 2011a;;[START_REF] Sarrazin | Biodiversity patterns, environmental drivers and indicator species on a high-temperature hydrothermal edifice, Mid-Atlantic Ridge[END_REF], Husson et al., 2017, Sarrazin et al., in preparation for gastropods). B. azoricus assemblages at Lucky Strike can be considered a climax-community because their dominance has been observed for several decades [START_REF] Cuvelier | Community dynamics over 14 years at the Eiffel Tower hydrothermal edifice on the Mid-Atlantic Ridge[END_REF].

Four active edifices of LS were included in the present study: Cypress (CY), Y3, Eiffel Tower (TE) and Montségur (MO).

Discovered in 1997, RB (36° 13.8′N; 33°, 54.1′W, Figure 1D) is the deepest field of this study (~2300 m). It covers an area of 0.03 km 2 , harboring approximately 10 active hydrothermal edifices [START_REF] Marcaillou | Mineralogical evidence for H2 degassing during serpentinization at 300 C/300 bar[END_REF]. Rainbow is one of the five fields of the MAR known to be constituted of an ultramafic substratum [START_REF] Mathilde | Ultramafic and gabbroic exposures at the Mid-Atlantic Ridge: geological mapping in the 15 degrees N region[END_REF]. In terms of fauna, it is colonized by dense assemblages of alvinocaridid shrimp dominated by Rimicaris exoculata as well as by B. azoricus assemblages embedded in sulfide particles [START_REF] Desbruyères | Variations in deep-sea hydrothermal vent communities on the Mid-Atlantic Ridge near the Azores plateau[END_REF] 1, Figure 1). Biobaz was the only cruise that visited all three vent fields; the two others visited LS only. These cruises took place aboard the French R/Vs Pourquoi pas? (Momarsat 2011& Biobaz 2013) and Thalassa (Momarsat 2012) equipped with the remotely operated vehicle (ROV) Victor6000.

Environmental characterization

Environmental conditions were assessed on all faunal assemblages to identify the structuring factors (temperature variables, depth, geographical distances) and evaluate their effects at the local and regional scales (Table 1). Due to technical constraints, we were not able to gather a complete dataset for chemical conditions as initially planned. To overcome this issue and characterize the environmental conditions within each mussel assemblage, temperature was used as a proxy for hydrothermal influence. Indeed, previous analyses at vents have demonstrated that, at the scale of a site, there is generally a significant correlation between temperature and the concentrations of chemicals (especially hydrogen sulfide, iron and manganese) in vent fluids (Le Bris et al. 2006, Sarrazin et al. 1999, Sarradin et al., 2009, Waeles et al. 2017).

Autonomous temperature probes (WHOI-MISO low temp-ONSET®) were deployed within each mussel assemblage at all sites (Table 1). They were directly placed on the mussels when possible or on adjacent mussel assemblages with similar size classes [START_REF] Cuvelier | Distribution and spatial variation of hydrothermal faunal assemblages at Lucky Strike (Mid-Atlantic Ridge) revealed by high-resolution video image analysis[END_REF][START_REF] Husson | Picturing thermal niches and biomass of hydrothermal vent species[END_REF]. Temperature measurements were taken every 15 min. All probes were collected after one year, except for those on MG, which were collected after 13 days because no future cruise was planned to this field. All temperature measurements were corrected using bottom temperatures as minimum values.

Local (intra-field) scale -At Lucky Strike, temperature measurements were taken every 15 min for all samples, except for Y32 and Y33, whose probes recorded temperature every 15 sec. For Y31, the probe was not placed within the small-size class mussels that were sampled, so temperature was obtained with the ROV probe. Temperatures of end-member fluids were measured using the Victor6000 probe for each edifice during routine fluid sampling.

A few H2S measurements were done directly above mussel assemblages and on different edifices using the in situ chemical analyzer CHEMINI [START_REF] Vuillemin | CHEMINI: A new in situ CHEmical MINIaturized analyzer[END_REF]) during the Momarsat cruises (2011 & 2012). However, due to technical problems, the dataset was incomplete and H2S values could not be used in the statistical analyses. However, they provide some support for the discussion of the results (Table S1).

Regional (inter-field) scale -Most temperature values were obtained with autonomous probes, except those for RB that were obtained during the Momareto cruise (2006) using Victor6000 probe. The habitat chemistry of one mussel assemblage per field was evaluated during the Biobaz 2013 cruise using the in situ chemical analyzer CHEMINI [START_REF] Vuillemin | CHEMINI: A new in situ CHEmical MINIaturized analyzer[END_REF] and the PEPITO water sampler (Sarradin et al., 2009, Table S1). This characterization was done within a single mussel assemblage just before faunal sampling on LS (Eiffel Tower), MG (ATOS 10) and RB (France 5). However, due to technical problems, only methane (CH4) and dissolved iron (Fe) concentrations could be evaluated on all fields. For H2S concentrations, only measurements over one assemblage on MG was successful (Table S1).

The chemical data included in Table S1, although incomplete, provide some support for the discussion of the results. To complete the picture, we estimated the maximum ranges of H2S available for the fauna based on the average end-member H2S concentration of each vent field extrapolated through simple conservative mixing with background seawater.

Temperature (mean & maximum) was used as the conservative tracer for dilution (Table S1).

These estimated concentrations represent "absolute" maximum concentrations available for the fauna and have to be used cautiously. Indeed, as H2S is very reactive, it will be consumed during mixing with seawater through polysulfide precipitation processes. In addition, due to conductive cooling processes in the sub-seafloor, H2S concentrations in the fluids around the fauna may be lower compared to more focused and direct fluid outputs. Finally, the mean environmental conditions of end-member fluids (data from [START_REF] Charlou | Compared geochemical signatures and the evolution of Menez Gwen (37°50′N) and Lucky Strike (37°17′N) hydrothermal fluids, south of the Azores Triple Junction on the Mid-Atlantic Ridge[END_REF], 2002[START_REF] Douville | The Rainbow vent fluids (36°14'N, MAR): the influence of ultramafic rocks and phase separation on trace metal content in Mid-Atlantic Ridge hydrothermal fluids[END_REF] and bottom temperatures (measured during the Biobaz cruise (2013) with the Victor6000 probe) for each vent field are reported in Table S1.

Faunal sampling and identification

Faunal samples were taken from three distinct Bathymodiolus azoricus assemblages on each edifice, for a total of 21 assemblages over three vent fields (see Figure 2 for one example/field and Figure S.1. for a photo of each sampling location). Fauna was sampled using the Victor6000 suction sampler and grab arm following the protocol described in [START_REF] Cuvelier | Biological data extraction from imagery -How far can we go? A case study from the Mid-Atlantic Ridge[END_REF]. Once brought on board, faunal samples from each location were washed over stacked sieves (250 µm and 20 µm mesh sizes). The fauna was either fixed in 4% buffered formalin or in 96° alcohol. All macrofaunal organisms (> 250 µm) were identified to the lowest taxonomic level possible. Although not all organisms could be determined to the species level, all taxonomic levels were incorporated in the diversity calculations -even the undetermined taxa because they were considered different from the other identified species. Those identified at the higher taxonomic levels may harbor more than one species, leading to an underestimation of global diversity. Also, meiofaunal identification was limited to higher taxonomical groups. Technical problems with the suction sampler device, that is more efficient to collect meiofauna, led us to remove RB3 sample from the statistical analyses that include this faunal compartment.

For each sampled assemblage, the surface area was estimated using the ImageJ© image analysis software on images taken before and after sampling (according to [START_REF] Sarrazin | Biological and geological dynamics over four years on a high-temperature sulfide structure at the Juan de Fuca Ridge hydrothermal observatory[END_REF]. To facilitate image calibration, calibrated targets (Casimir) were deployed in the vicinity of each assemblage. These targets had visible 7 x 7 mm checkerboards that were used as size references in the image (Figure 2). Each sampled area was analyzed six times by different observers to reduce error resulting from on-screen tracing. Even though it is still the most common way to estimate surface area for hard substratum samples, this method does not account for the relief nor the thickness of the faunal coverage, inducing a bias in density estimates. Because of the difficulty of access and the steepness of the slopes on the RB edifices, no calibrated target could be deployed. Surfaces were estimated using the ROV temperature cannula as a calibrating device on the image, and the samples are thus considered as semi-quantitative. In addition, surface from RB1 could not be estimated, and only the raw abundance of the fauna within this sample was used. Mussel sizes were estimated using the same protocol and assemblages were categorized following the mean mussel size described in Cuvelier et al. (2011a): large (> 6 cm), medium (2-6 cm), and small (< 2 cm).

Data analyses

All analyses were performed in the R environment (R core team 2018). Environmental data were used in a principal component analysis (PCA) to compare conditions within the mussel assemblages in all samples. Spearman correlations between variables were confirmed through a correlation test using permutations.

The faunal composition in the mussel assemblages was compared among edifices and fields using a PCA on Hellinger-transformed density data. Similarity tests assessed whether similarities were higher among edifices or among vent fields. The R statistic can be interpreted like a correlation, with R=0 meaning that similarity is low among samples from the same group, and R=1 indicating a strong correlation.

The taxonomic richness of the faunal assemblages was compared by analyzing the taxa shared among edifices and fields, and through rarefaction curves of meio-and macrofauna.

Diversity indices were studied using the Rényi's generalized entropy. It is an information-related method for profiling diversity [START_REF] Gauthier | Measure and mis-measure of species diversity in deep-sea chemosynthetic communities[END_REF]. With Hα, the entropy of order α:

H = 1 1 - (ln
where S is the total number of taxa, pi the relative abundance of taxon i, and α ≥0 and α≠1.

The effective number of species for Rényi's entropy, D α = exp(H α ). Special cases of Rényi's entropy are well-known indices: for α=0, D α =S, the species richness; for α = 1, D α is the exponential of Shannon's index; for α=2, H α is linked to Simpson's measures: for α ∞, H α is the Barger-Parker dominance index. Results from the profile of each taxon were used in a PCA to better understand differences between samples. As for the species composition analysis, a similarity analysis was conducted to compare samples from the same edifice or the same field.

To understand how environmental conditions are linked to species composition, canonical redundancy analysis was used on Hellinger-transformed meio-and macrofaunal densities. It was supplemented with a variation partitioning analysis to determine the relative effects of endogenous (minimum, maximum, mean and standard deviations of temperature as proxies for hydrothermal influence) and exogenous variables (depth, end-member temperatures, distance to MG). The same analysis was repeated for samples from the LS vent field only to examine intra-field structuring factors. For this analysis, distance to MG was replaced by distance to Montségur edifice (Dist_MO).

Results

All results are divided into the "local scale" which represent intra-field data from LS (n=15 samples on four edifices) and "regional scale" which represent inter-field data from all collected samples and compares vent fields (n=21 samples from seven edifices).

Environmental conditions

Local scale: The mean temperature measured on CY (edifice Cypress from Lucky Strike) varied between 5.6 and 6.2°C (Table 1). Maximum and minimum temperatures were found on CY3 with 10.0°C and 4.9°C, respectively. The mean temperature measured on Y3 (edifice Y3 from Lucky Strike) varied between 6.8 and 7.9°C (Table 1). Maximum and minimum temperatures were found on Y32 and Y33 with 11.8°C and 4.5°C, respectively. 4.5°C corresponds to the bottom seawater temperature at the vent field. The mean temperature measured on TE (edifice Eiffel Tower from Lucky Strike, 2011Strike, & 2013) varied between 5.3 and 11.2°C (Table 1). Maximum temperatures were found on TE1 and TE5 with 29.7°C and minimum was observed on TE3 & TE6 with 4.5°C. On MO (edifice Montségur from Lucky Strike), the mean temperature measured varied between 5.1 and 7.8°C (Table 1). Maximum temperature was found on MO2 with 14.2°C and minimum was 4.5°C in all samples. H2S concentrations measured above various mussel assemblages of the vent field varied between 0.99 and 9.96 µM. Y3 exhibited the lowest values while MO had the highest (Table S1).

Regional scale: Menez Gwen. The mean temperature measured on Atos 10 ranged from 9.6 to 10.3 °C (Table 1). Maximum temperature among the three samples was 25.5 °C on MG2, and the minimum temperature was 8.8°C in all samples. This minimal value also corresponds to the bottom seawater temperature of the vent field. Rainbow. The mean temperature estimated on Rainbow was 7.8°C, with a maximum of 39.7°C and a minimum of 3.9°C (Table 1). In general, temperature variations (standard deviations) were higher on RB. Depths of the sampling sites varied from 826 m on MG to 2274 m on RB, with those of the LS vent field being located at intermediate depths ranging from 1690 to 1740 m (Table 1). Temperatures of the end-member fluids varied from 284°C on MG, 304 to 325°C on LS and 362°C on RB (Table 1). To complete the dataset, a series of environmental conditions were evaluated in one mussel assemblage per vent field (n=3, Table S1). (based on extrapolation). In LS and MG, the mean and maximum extrapolated H2S concentrations are higher than the ones obtained from in situ analyses (Table S1). In addition, patterns of H2S variations in the mussel assemblages from the three fields are not consistent between the different approaches (measured versus extrapolated; Table S1). In the absence of in situ H2S data, only site by site extrapolation of H2S from the specific dilution curve of each edifice could help evaluating major trends in environmental conditions above mussel assemblages. In the meantime, extrapolated values of H2S are not reliable to explain the observed patterns. Finally, bottom water temperatures varied between the three fields, ranging from 3.5°C at RB to 8.8°C at MG (Table S1).

PCA on environmental conditions

The PCA on available environmental variables explained 93% of the total variance observed between the samples on its first two dimensions (Figure 3). As shown in Figure 3, the first axis, which explains 56% of the variance, was positively correlated with exogenous factors (distance to MG, end-member temperature, field depth) and negatively correlated with minimal temperatures (endogenous factor). Many of these variables were significantly correlated with each other, positively or negatively (Table 2). The second axis was positively correlated with endogenous factors (mean, maximum and standard deviations of temperature). It also showed a good regression of mussel size (R²=0.70, p=6.79 10 -5 ), with large mussel assemblages found in the upper part of the PCA and small ones on the lower part. Sample CY3 is an exception, because the assemblage was composed of large mussels, but its environmental conditions were more similar to those found in small and medium mussel assemblages. The third axis did not significantly explain variance in environmental conditions (p>0.05). The presence or absence of microbial mats did not show any significant pattern in the PCA, although samples with microbial mats (TE3, TE4, Y31, MO3) were all situated in the lower part of the diagram, in conjunction with lower temperature conditions (Figure 3). This PCA thus divided samples according to exogenous variables on the first axis and endogenous variables (local temperatures) on the second. Four groups are visually distinct on the PCA: 1) MG samples with higher minimal temperatures, lower end-member temperatures and lower depth; 2) The only RB sample lies opposite to MG on the first axis, with higher maximal temperatures, standard deviation and end-member temperatures, the greatest depth and greatest distance to MG, and lower minimal temperatures; 3) TE5 and TE1 (large mussels) were characterized by intermediate exogenous conditions, but higher maximal and standard deviation of temperatures; 4) all other samples from LS were characterized by intermediate exogenous and endogenous conditions.

Surface areas and faunal densities

Local scale: On LS, the surfaces sampled varied from 169 to 318 cm² on CY, from 169 to 279 cm² on Y3, from 122 to 856 cm² on TE and from 175 to 373 cm² on MO (Table 1). The area sampled on TE1 was substantially larger than the others. Mussel densities within the samples ranged from 2209 ind./m² on TE1 to 46 092 ind./m² on CY1. Of all the LS assemblages, one-fifth (i.e. 3 out of 15) were composed of large mussels (CY2, TE1 and TE5), and nearly half (7 out of 15) were medium-sized mussels, leaving one-third of small mussels (Table 1). The three largest densities of associated fauna were found in medium-sized assemblages, and two of them were situated on MO edifice: MO2 with 100 380 ind./m², MO1 with 126 437 ind./m² and TE4 with 232 414 ind./m². The three lowest densities of associated fauna were found in medium to larger-sized mussel assemblages: one among the medium-sized mussels (Y32) with 23 067 ind./m² and two among the large-sized assemblages (TE1: 18,678 ind.m², and CY3: 17 581 ind./m², Table 1). Most of the assemblages sampled were devoid of visible microbial mats with the exception of four of them (Y31, TE3, TE4, MO3, Table 1).

Regional scale: The surface areas sampled on MG were similar to those on LS, ranging from 288 cm² on MG1 to 431 cm² on MG2. RB showed more variable surface areas due to sampling difficulties on its steep chimney walls. 1). Microbial mats were only found at LS. Overall, there was a significant relationship between mussel size and the density of associated fauna (F-value = 13.49, p-value = 0.00031), the highest densities being found in small-sized mussel assemblages.

Species composition

A total of 10 meio-and 33 macrofaunal taxa were identified in our samples: 36 taxa were identified from LS vent field, 13 from MG, and 21 from RB (Figure 4a).

Local scale: The composition of species among the assemblages of the four LS edifices varied. On Cypress (CY), the samples were dominated by macrofauna (from 52% of the relative faunal abundance in CY1 to 72% in CY3). Among the three macrofaunal samples, two were dominated by the species trio Branchipolynoe seepensis, Amathys lutzi and Protolira valvatoides, all considered as indicator species of B. azoricus mussel assemblages (Table 3).

The third sample was also dominated by A. lutzi and B. seepensis, but had high abundances of Mirocaris fortunata. Copepods (+ nauplii) largely dominated the meiofaunal compartment in the three samples representing >68% of the abundance (Table 4). Nematodes were the second dominant taxa closely followed by ostracods in CY3 (Table 4). On Y3, two samples were dominated by macrofauna (81% of the relative faunal abundance in Y31, 62% in Y32)

and Y33 abundance was largely dominated by meiofauna (>80%). Among the three macrofaunal samples on Y3, two were largely (>60%) dominated by amphipods, followed by either B. seepensis or M. fortunata (Table 3). The third sample (Y33) was dominated by B.

seepensis, followed by M. fortunata and A. lutzi. Copepods largely dominated the meiofaunal compartment in two Y3 samples (Y31 & Y33), but nematodes dominated Y32

(Table 4). Ostracods were the second dominant taxa in Y31 & Y33 and copepods were the second dominant taxa Y32 (Table 4). Four of the six samples (2011 & 2013) taken on Eiffel Tower (TE) were dominated by meiofauna (67% of the total abundance in TE1, 87% in TE3, 95% in TE4, 84% in TE5). The two other samples (TE2 and TE6) were dominated by macrofauna representing respectively 86% and 84% of the total faunal abundance. In 2011, the three macrofaunal samples from TE were dominated by different taxa (Table 3). TE1 was dominated by Amphipoda, followed by M. fortunata and B. seepensis. TE2 was dominated by two gastropod species: P. valvatoides and Lepetodrilus atlanticus followed by B. seepensis.

TE3 was largely dominated by polychaetes, starting with dorvilleids followed by B. seepensis and A. lutzi. In 2011, the meiofaunal compartment was dominated by three different taxa: copepods in TE1, nematodes and tanaids in TE2 and ostracods and nematodes in TE3 (Table 4). In 2013, all three macrofaunal samples were dominated by B. seepensis followed by either A. lutzi (TE4 and TE5) or P. valvatoides (TE6, Table 3). The third dominant taxa in TE5

were M. fortunata and nemerteans. Overall, B. seepensis was among the three dominant species in all six TE samples. The meiofaunal compartment was dominated by nematodes followed by copepods in TE4 and a trio of copepods, nematodes, ostracods in TE5 and TE6

(Table 4). All three Montségur samples were dominated by meiofauna representing respectively 74%, 86%, and 78% of the total faunal abundance. The MO1 macrofaunal sample was dominated by P. valvatoides, A. lutzi and B. seepensis and MO2 was dominated by two of the same species (A. lutzi and B. seepensis) as well as by Pseudorimula midatlantica. MO3 was dominated by B. seepensis followed by dorvilleid polychaetes and aplacophorans (Table 3). Nematodes were the most dominant taxa of MO1 and MO3, and MO2 was dominated by a trio of copepods, nematodes and ostracods (Table 4).

Regional scale: MG samples were dominated by meiofauna (from 57% of the relative faunal abundance in MG2 to 76% in MG3), mostly by copepods (MG1 & MG2) and foraminifers (MG3; Table 4). Accordingly, nauplii had their highest abundances in MG1 and MG2. The three macrofaunal samples were largely dominated by P. valvatoides (Table 3). The second most dominant species was the gastropod L. atlanticus. The two RB samples for which we identified macro-and meiofauna had different abundance patterns: RB1 was dominated by macrofauna and RB2 was dominated by meiofauna representing respectively 78% and 97% of the total faunal abundance. The three macrofaunal samples were dominated by A. lutzi (Table 3). The second most dominant macrofaunal species was L. atlanticus on RB1, M.

fortunata on RB2 and spionid polychaetes on RB3. M. fortunata was the third dominant species on RB1, spionids and nemerteans on RB2 while on RB3, P. valvatoides and P.

midatlantica shared the dominance at the third position (Table 3). Nematodes largely dominated the RB meiofaunal sample for which we have data (RB1 & RB2) followed by copepods on RB1 (Table 4).

The PCA explained 32.5% of species composition on two dimensions, but the second, third and fourth dimensions explained approximately the same amount of variance with 13.6%, 11.4% and 11.2%, respectively (Figure 5). Only the three first dimensions were significant.

The first axis constituted a suitable regression for assemblage mussel size (R²=0.38, p=0.022).

Assemblages of small mussels were significantly associated with the right (p=0. seepensis and S. mesatlantica; ii) in the lower part: samples with higher densities of P.

valvatoides, L. atlanticus, Foraminifera and nauplii.

The third axis was positively correlated with Aplacophora, Glyceridae, Xylodiscula analoga, Lurifax vitreus, Hesionidae, nauplii, and Turbellaria. Cypress was significantly associated with high densities of these species. However, the third axis was also negatively correlated with Sipuncula and Cirratulidae.

On LS, 16 taxa were shared between all studied edifices and 17 were shared between two or more edifices. Five taxa were observed on only one edifice (Figure 4B): Hesionidae was found only on CY, Thalycrocuma sarradini was found only on MO and Sipuncula, Demospongiae and Levensteiniella iris were found only on TE. At the regional scale, only six taxa were shared between all fields: P. valvatoides, L. atlanticus, M. fortunata, Amphipoda,

Copepoda and Foraminifera (Figure 4A), but only three of them (L. atlanticus, M. fortunata,

Copepoda) were present in all samples. LS shared 16 taxa with RB and 11 with MG. 15 taxa out of the 36 observed at LS were absent from the two other vent fields. MG had two unique taxa: Isopoda and Euphausiidae and RB had 5: Rimicaris exoculata, Alvinocaris markensis, Rimicaris chacei, Archinome and Ophiura (Figure 4A).

Faunal diversity

Taxon accumulation curves-Macrofaunal rarefaction curves (supplementary material, 

Renyi's entropy index

Local scale: Renyi's profile based on meio-and macrofaunal densities (supplementary material, Figure S.3.) exhibited higher taxonomic richness for MO and TE samples and Y31

show the lowest number of taxa. TE samples had the highest evenness for both years.

Regional scale: MG samples had low taxonomic richness and diversity equivalent to Y31

(supplementary material, Figure S.3.). RB diversity indices (Alpha= 1 and 2) were much lower than the other samples although its taxonomic richness was higher than that on MG and two samples from Y3 (Y31 and Y32).

A PCA should not include correlated variables. Therefore, as values of entropy for α =2 and α =→∞ were strongly correlated (corr=0.9, p < 1.10 -5 ), only α =0, 1 and →∞ were used in the PCA (Figure 6). The total explained variation of the PCA with Renyi's entropy index was 93%, with 73% from the first axis, which was correlated with all three variables (1: corr=0.92, p=1.9.10-8; ∞: corr=0.88, p=6.5.10-7; 0: corr=0.75, p=2.2.10-4, Figure 6). The first axis was a good regression to explain variability between the edifices (R²=0.62, p=0.04), with

Thermitière (RB2 and RB3) being significantly associated with the left side of the PCA (p=0.036) representing low diversity. Large mussel assemblages were also associated significantly (p=0.033) with this part of the PCA (Figure 6). The second axis was only significantly correlated with Renyi's entropy for alpha=0 (corr=0.66, p= 0.002), and differentiated samples linked to high specific richness in the upper part of the PCA, from those with low specific richness in the lower part. MO is significantly correlated with high richness levels (corr=0.88, p=0.017). All samples from MG show low diversity and richness.

RB showed even lower diversity, but higher species richness. LS edifices displayed a large variety of diversity indexes, with MO and four out of six samples from TE having the highest values. Y3 had the lowest diversity and richness of all four LS edifices (Figure 6).

Similarity in composition and diversity

Composition: The analysis of similarity was not significant for intra-edifice comparisons (R=0.05, p=0.35), indicating that the faunal composition of a sample from a single edifice is not more similar with another sample of that edifice than a sample from another edifice in the vent field. However, the similarity analysis was significant for intra-field comparisons (R=0.82, p=0.001) indicating that the faunal composition of a sample from the same vent field share more similarities than with a sample from the two other vent fields.

Diversity:

The similarity of the diversity indices from the same edifice was not significant (R=0.09, p=0.22) indicating that there is no more similarity within a single edifice than between different edifices of the same vent field. The similarity of the diversity indices of samples from a single vent field was significantly higher than the similarity of samples from different vent fields (R=0.68, p=0.001).

Linking faunal assemblage structure with the environment

The two first dimensions of the environmental PCA (Figure 3) were used to constrain the RDA. The realized RDA accounted for 52% (adjusted R 2 : 33%) of the variability in species composition (p=0.001, Figure 7). On the RDA plan, Dim.2 is nearly anti-correlated with Dim.1. Dim. 2 is linked to endogenous environmental factors such as minimal, mean, maximal and standard deviation values of temperatures in the assemblages, but Dim. 1 is linked to exogenous factors (depth, end member temperature and distance to MG vent field). Samples were distributed according to their vent fields along Dim.1 with RB and MG opposing each other: MG as the shallow vent field with low end-member temperatures and high densities of Foraminifera, Copepoda and nauplii versus the deeper RB vent field, further away from MG and characterized by higher end-member temperatures and higher densities of nematodes. All LS samples had intermediate coordinates on this dimension and varied with respect to the differing densities of A. lutzi and B. seepensis, which appear to be more abundant in small-sized mussel assemblages.

Variation partitioning

Local scale: Variation partitioning with all variable outputs was not significant. However, when performing forward selection on each subset, no endogenous variables yielded a pvalue below 0.05 (lowest p=0.21) and the only exogenous variable to have a significant effect on species density was the distance to Montségur (p=0.03).

Regional scale: Given that endogenous and exogenous variables were highly correlated (Table 3), variation partitioning analyses were performed on subset of the best explanatory environmental variables according to a partial forward selection. Forward selection of endogenous variables to explain species Hellinger-transformed densities led to the selection of only one variable, Min_T (adjusted R²: 0.19, p=1.0.10 -4 ), and the same process on exogenous variables revealed two explanatory factors: depth (adjusted R²: 0.18, p=0.0002) and distance to MG (cumulative adjusted R²=0.25, p=0.0099). Variation partitioning with these three parameters results in an adjusted R² of 0.065 for the endogenous variable alone, 0.13 for the exogenous ones, and 0.12 for their joint effect, for a total explained variance of R² adjusted=0.32.

Discussion

This study aimed at assessing inter-and intra-field variations in community composition within the dominant B. azoricus assemblages of three northern MAR vent fields, thus expanding on the few similar studies performed on this ridge section [START_REF] Van Dover | Ecology of mid-Atlantic ridge hydrothermal vents[END_REF][START_REF] Desbruyères | A review of the distribution of hydrothermal vent communities along the northern Mid-Atlantic Ridge: dispersal vs. environmental controls[END_REF]2001;[START_REF] Goroslavskaya | Benthic fauna associated with mussel beds and shrimp swarms at hydrothermal fields on the Mid-Atlantic Ridge[END_REF][START_REF] Fabri | The hydrothermal vent community of a new deep-sea field, Ashadze-1, 12 58′ N on the Mid-Atlantic Ridge[END_REF][START_REF] Rybakova | Hydrothermal assemblages associated with different foundation species on the East Pacific Rise and Mid-Atlantic Ridge, with a special focus on mytilids[END_REF]. Although our data set is strongly asymmetrical and includes uneven sampling effort between vent fields (low number of edifices sampled for MG and RB), it represents one of the most comprehensive integrated faunal and environmental datasets obtained across hydrothermal vent fields. Its limitations are mainly due to the technical difficulties of gathering a comprehensive set of environmental data, without gaps. This was overcome by using temperature as a proxy of hydrothermal fluid inputs. Moreover, undertaking quantitative sampling on hard substrata in the deep sea using a submersible, especially on the very steep vertical surfaces of hydrothermal edifices remains a challenge.

Another limitation is due to the fact that some faunal samples were taken in different years.

This does not affect our field comparison because the three fields were explored during the same year, but may affect comparison at the field scale.

Taxa associated with B. azoricus were compared across four edifices (Cypress, Y3, Eiffel Tower, Montségur) from the Lucky Strike, one active site from the Menez Gwen (Atos 10) and two edifices from the Rainbow (France 5, Thermitière) vent fields. These comparisons of associated species hosted by the same engineer species in different vent fields were used to assess diversity patterns that may (or may not) be explained by the intrinsic characteristics of the fields. Overall, a total of 43 meio-and macrofaunal taxa were identified in our 21 samples. Differences in community structure and diversity between different edifices of the same field (LS) and between vent fields (MG, LS, RB) were evaluated. The influence of environmental variables on the observed faunal patterns was tested and the relative contribution of endogenous versus exogenous factors evaluated.

Variability in mussel assemblages from the same vent field: the case of Lucky Strike

The LS vent field has been extensively studied over the past 25 years. It harbors more than 20 active hydrothermal edifices that are colonized by dense mussel assemblages [START_REF] Desbruyères | Variations in deep-sea hydrothermal vent communities on the Mid-Atlantic Ridge near the Azores plateau[END_REF][START_REF] Ondreas | Recent volcanic events and the distribution of hydrothermal venting at the Lucky Strike hydrothermal field, Mid-Atlantic Ridge[END_REF]. This vent field is part of the EMSO-Azores observatory [START_REF] Cannat | MoMar-Demo at LuckyStrike. A near-realtime multi-disciplinary observatory of hydrothermal processes and ecosystems at the Mid-Atlantic Ridge[END_REF], where recurrent cruises in the area occur, providing several opportunities for sample acquisition and chemical characterization. Thus, LS represented an ideal setting to study intra-field variations in community composition. A total of 36 meio-and macrofaunal taxa were found at LS in the present study. Most samples were composed of medium-sized mussels, which harbored the largest densities of associated fauna. Mussel assemblages occur at mean temperatures varying from 5.1 to 11.2°C, with minimum values of 4.5°C and maximum values of 29.7°C. These mean temperatures are slightly warmer than the range (4.8 to 8.8°C) found by [START_REF] Husson | Picturing thermal niches and biomass of hydrothermal vent species[END_REF] for TE assemblages, highlighting the high variability of environmental conditions in both space and time.

Among the 36 identified taxa, 42% were shared between all studied edifices and 47% were shared between two or more edifices. Five taxa (14%) were specific to a single edifice and the same amount of taxa were recurrent across all sites and samples. In fact, Branchipolynoe seepensis, Amathys lutzi, Mirocaris fortunata and Lepetodrilus atlanticus were present in all LS samples and Protolira valvatoides was present in all samples but one. The latter dominated two samples and was the second dominant species in two others. B. seepensis dominated more than half of the macrofaunal samples and was the second dominant species in most of the others. A. lutzi was the second dominant species in 40% of the samples. The three most dominant species (B. seepensis, A. lutzi, P. valvatoides) were previously identified as indicator species of cold microhabitats on the Eiffel Tower edifice [START_REF] Sarrazin | Biodiversity patterns, environmental drivers and indicator species on a high-temperature hydrothermal edifice, Mid-Atlantic Ridge[END_REF] along with L. atlanticus. In the present study, the latter was present in all samples, but generally in low abundance. These results suggest high connectivity at the scale of LS. Similarity indices of taxonomic composition support this assumption because they indicate a higher resemblance at the vent-field scale than at the edifice scale. Further observations suggest high connectivity at the vent-field scale. The presence of polychaete larvae and adults as well as juveniles of gastropods, amphipods and copepods in traps deployed at large distances (1000 m) from TE supports the dispersal capabilities of some species at the field scale [START_REF] Lesongeur | Export of deep-sea hydrothermal particles, indigenous thermophilic microorganisms and larvae to the surrounding Ocean[END_REF]. In addition, the settlement of vent meioand macrofauna on substrata deployed away from any hydrothermal activity also suggests good dispersal capabilities and potentially high connectivity between LS edifices [START_REF] Gaudron | Colonization of organic substrates deployed in deep-sea reducing habitats by symbiotic species and associated fauna[END_REF][START_REF] Zeppilli | Rapid colonisation by nematodes on organic and inorganic substrata deployed at the deep-sea Lucky Strike hydrothermal vent field (Mid-Atlantic Ridge)[END_REF][START_REF] Plum | Copepod colonization of organic and inorganic substrata at a deep-sea hydrothermal vent site on the Mid-Atlantic Ridge[END_REF][START_REF] Elisa | Colonization of synthetic sponges at the deep-sea Lucky Strike hydrothermal vent field (Mid-Atlantic Ridge): a first insight[END_REF]Alfaro-Lucas et al. submitted).

Despite the observed compositional similarity, faunal densities and thus evenness and diversity appear to vary strongly from one edifice to the other at LS. Densities varied by four orders of magnitude within the same vent field. On some edifices, densities were mainly dominated by a few species. In fact, over 60% of the LS samples were dominated (representing at least 45% of the relative densities) by a single macrofaunal taxa, either B. seepensis, A. lutzi, amphipods or dorvilleids. Dominance by a small number of extremely abundant species is characteristic of vent distributional patterns [START_REF] Sarrazin | Biological characteristics of a hydrothermal edifice mosaic community[END_REF][START_REF] Van Dover | Diversity at deep-sea hydrothermal vent and intertidal mussel beds[END_REF][START_REF] Van Dover | Community structure of mussel beds at deep-sea hydrothermal vents[END_REF][START_REF] Matabos | Faunal changes and geographic crypticism indicate the occurrence of a biogeographic transition zone along the southern East Pacific Rise[END_REF][START_REF] Sarrazin | Biodiversity patterns, environmental drivers and indicator species on a high-temperature hydrothermal edifice, Mid-Atlantic Ridge[END_REF].

These differences in relative abundances and densities result in low similarities in diversity profiles among the LS edifices. A gradient of diversity between all samples was observed, with samples from the same edifice showing similar curves. Rarefaction curves suggest that the most common macrofaunal taxa have been collected, which is supported by the fact that a large fraction (~63%) of the macrofauna previously collected at TE [START_REF] Sarrazin | Biodiversity patterns, environmental drivers and indicator species on a high-temperature hydrothermal edifice, Mid-Atlantic Ridge[END_REF] was identified. Our meiofaunal sampling is more difficult to interpret. Indeed, a much lower proportion (~30%) of the meiofauna previously identified [START_REF] Sarrazin | Biodiversity patterns, environmental drivers and indicator species on a high-temperature hydrothermal edifice, Mid-Atlantic Ridge[END_REF] was sampled in the present study, in part due to the low taxonomic resolution attained for the meiofauna.

While 13 nematode and 8 copepod taxa had been identified in previous TE samples [START_REF] Sarrazin | Biodiversity patterns, environmental drivers and indicator species on a high-temperature hydrothermal edifice, Mid-Atlantic Ridge[END_REF], they were only identified at the subclass or phylum level in this study.

Therefore, the richness of meiofauna is expected to be much higher. Accordingly, preliminary results on substrata deployed at the scale of the whole vent field report over 38 meiofaunal species (Alfaro-Lucas et al. submitted). The distribution pattern observed for the meiofaunal groups in the mussel assemblages show an alternating dominance between copepods and nematodes on all edifices, with the exception of one sample that was dominated by ostracods. In the [START_REF] Sarrazin | Biodiversity patterns, environmental drivers and indicator species on a high-temperature hydrothermal edifice, Mid-Atlantic Ridge[END_REF] study, most samples were dominated by nematodes and the only sample dominated by copepods was considered as an intermediate habitat in terms of abiotic conditions. To conclude, despite the apparent differences in diversity between edifices, our analyses show that samples from a single edifice are not more similar than samples from other edifices in the vent field, suggesting that Lucky Strike enjoys high connectivity.

Among the four LS edifices, MO showed a higher diversity profile, followed by TE. This strong similarity between the two can be explained by their very short geographical distance (~50 m) as well as their belonging to similar chemistry domains (see below). These two edifices were the only ones to harbor dorvilleids and tanaids. Y3 and CY, on the contrary, had much lower diversity profiles. Amphipods and copepods dominated the former but polychaetes and copepods were the most abundant taxa in the latter. [START_REF] Desbruyères | Variations in deep-sea hydrothermal vent communities on the Mid-Atlantic Ridge near the Azores plateau[END_REF] also reported the absence of noticeable differences in species composition at the scale of LS, with the exception of Y3. Causes for these disparities can be attributed to the vent geochemical context. According to the sizes of visible hydrothermal deposits, our four active sites appear to be young [START_REF] Ondreas | Recent volcanic events and the distribution of hydrothermal venting at the Lucky Strike hydrothermal field, Mid-Atlantic Ridge[END_REF]. They may have formed after faulting, creating new pathways for fluids in the volcaniclastic material deposited over the area [START_REF] Fouquet | Extensive volcaniclastic deposits at the Mid-Atlantic Ridge axis: results of deep-water basaltic explosive volcanic activity?[END_REF]. They were then cemented by silica, which precipitated from cooler and diffuse fluid circulation. Despite the observed geological similarity, a chemical gradient is observed in end-member fluids with a decrease in chlorinity and an increase in metal concentrations from CY,Y3, TE/MO [START_REF] Chavagnac | Sulfate minerals control dissolved rare earth element flux and Nd isotope signature of buoyant hydrothermal plume (EMSO-Azores, 37° N Mid-Atlantic Ridge)[END_REF]. These differences may locally affect the colonization of vent species according to their levels of tolerance. Essential metals (Co, Cu, Fe, Mn, Ni, Zn) can be toxic if present in excess, and non-essential metals such as Ag and Cd are considered toxic [START_REF] Langston | Metal handling strategies in molluscs[END_REF]. However, their role in shaping vent species distribution is unknown because these habitats are naturally enriched in metals (Sarradin et al. 2009, Cotte et al. in press). In addition to metal concentrations, the role of the reduced chemicals used for chemosynthesis (such as H2S, CH4, iron and hydrogen) is also important to take into account. These reduced chemicals are potential energy sources for vent microorganisms and could be important drivers of species distribution in hydrothermal ecosystems [START_REF] Sarrazin | Biological and geological dynamics over four years on a high-temperature sulfide structure at the Juan de Fuca Ridge hydrothermal observatory[END_REF], 1999, 2015[START_REF] Gebruk | Ecology and Biogeography of the Hydrothermal Vent Fauna of the Mid-Atlantic Ridge[END_REF][START_REF] Sarradin | Brief account of the chemical environment at hydrothermal vent mussel beds on the MAR[END_REF][START_REF] Luther | Chemical speciation drives hydrothermal vent ecology[END_REF][START_REF] Marsh | Microdistribution of Faunal Assemblages at Deep-Sea Hydrothermal Vents in the Southern Ocean[END_REF][START_REF] Sen | Distribution of mega fauna on sulfide edifices on the Eastern Lau Spreading Center and Valu Fa Ridge[END_REF], Cuvelier et al., 2011a, 2014b;[START_REF] Husson | Picturing thermal niches and biomass of hydrothermal vent species[END_REF]. Higher concentrations of hydrogen sulfide (or other reduced compounds) may play a role in sustaining a greater faunal diversity by offering a wider breadth of trophic resources. On the contrary, due to its toxicity, hydrogen sulfide may also negatively influence faunal diversity, resulting in less diverse communities in harsher habitats as it was observed previously [START_REF] Sarrazin | Biological characteristics of a hydrothermal edifice mosaic community[END_REF][START_REF] Gollner | Diversity of Meiofauna from the 9°50'N East Pacific Rise across a gradient of hydrothermal fluid emissions[END_REF].

Studying samples from the same vent field limits the number of environmental explanatory variables that can be used, because depth and end-member fluid temperature are approximately the same for all edifices. Potential explanatory environmental variables included exogenous (distance to Montségur) and endogenous (temperature above the mussel assemblages) factors. At LS, although new evidence argues for the presence of a unique deep fluid source [START_REF] Pester | Subseafloor phase equilibria in high-temperature hydrothermal fluids of the Lucky Strike Seamount (Mid-Atlantic Ridge, 37 17′ N)[END_REF][START_REF] Leleu | Fluid Geochemistry of the Capelinhos Vent Site. A Key to Understand the Lucky Strike Hydrothermal Vent Field (37° N, MAR)[END_REF][START_REF] Chavagnac | Sulfate minerals control dissolved rare earth element flux and Nd isotope signature of buoyant hydrothermal plume (EMSO-Azores, 37° N Mid-Atlantic Ridge)[END_REF], four chemistry domains can be distinguished, linked to different upflow patterns through the crust [START_REF] Barreyre | Structure, temporal evolution, and heat flux estimates from the Lucky Strike deep-sea hydrothermal field derived from seafloor image mosaics[END_REF][START_REF] Leleu | Fluid Geochemistry of the Capelinhos Vent Site. A Key to Understand the Lucky Strike Hydrothermal Vent Field (37° N, MAR)[END_REF][START_REF] Chavagnac | Sulfate minerals control dissolved rare earth element flux and Nd isotope signature of buoyant hydrothermal plume (EMSO-Azores, 37° N Mid-Atlantic Ridge)[END_REF]. The first domain includes Crystal, South Crystal, Sintra and Y3; the second Cypress, White Castle and Isabel;

and the third Eiffel Tower, Aisics, Cimendeff and Montségur. The fourth domain is represented by the newly discovered edifice Capelinhos, located further away. This site appears to be the most pristine and its fluids are the most representative of the conditions of the reaction zone. These differences may be related to crustal residence time, which is likely related to permeability variations across the hydrothermal upflow zone [START_REF] Chavagnac | Sulfate minerals control dissolved rare earth element flux and Nd isotope signature of buoyant hydrothermal plume (EMSO-Azores, 37° N Mid-Atlantic Ridge)[END_REF]. This spatial variability can also be observed in the metal partitioning observed in the early buoyant plume of LS active edifices (Cotte et al in press). These authors found that the chemical signature at each site was similar in the warmest part of the mixing zone (50-150°C) but that metal partitioning was affected by different precipitation and oxidation processes occurring between 50 and 5°C. This emphasizes the need to characterize the environmental conditions at the fine scale of the faunal habitats. According to the variance partitioning analysis, the distance to MO (exogenous variable) was the main explanatory variable to explain differences in species densities among the edifices of LS, which could reflect this variability of chemical composition of the fluids across the vent field.

The same variation partitioning analysis revealed the very low explanatory power of endogenous variables chosen by the forward selection process. This is not in agreement with recent studies that have shown a strong structuring effect of temperature on faunal distribution and diversity on TE (e.g. Cuvelier et al., 2011a;[START_REF] Sarrazin | Biodiversity patterns, environmental drivers and indicator species on a high-temperature hydrothermal edifice, Mid-Atlantic Ridge[END_REF][START_REF] Husson | Picturing thermal niches and biomass of hydrothermal vent species[END_REF]) and elsewhere [START_REF] Gebruk | Ecology and Biogeography of the Hydrothermal Vent Fauna of the Mid-Atlantic Ridge[END_REF][START_REF] Sarrazin | Biological characteristics of a hydrothermal edifice mosaic community[END_REF][START_REF] Sarradin | Brief account of the chemical environment at hydrothermal vent mussel beds on the MAR[END_REF][START_REF] Luther | Chemical speciation drives hydrothermal vent ecology[END_REF][START_REF] Marsh | Microdistribution of Faunal Assemblages at Deep-Sea Hydrothermal Vents in the Southern Ocean[END_REF][START_REF] Sen | Distribution of mega fauna on sulfide edifices on the Eastern Lau Spreading Center and Valu Fa Ridge[END_REF]. However, as shown on the PCA on environmental variables, most LS samples showed similar thermal conditions. This similarity may be due to the fact that most samples (80%) were taken in small-to medium-sized mussel assemblages, primarily associated with cold, less variable habitats [START_REF] Sarrazin | Biodiversity patterns, environmental drivers and indicator species on a high-temperature hydrothermal edifice, Mid-Atlantic Ridge[END_REF]. The weak links between faunal densities and temperature at LS is therefore not surprising, as the range of environmental conditions observed in our faunal samples is narrow. Additional sampling in large-sized mussel assemblages may help to assess whether the thermal gradient has a significant influence on species distribution only at the edifice scale or if it has a similar effect across the vent field. The results of the intra-field similarity analysis showed that there are more similarities between samples from the vent field than between samples from the same edifice, which tends to support the second hypothesis.

Additional sampling of larger-sized mussels on several LS edifices could help further characterizing the effect of temperature on both mussel size and the composition of associated communities at the vent field scale. Indeed, in the PCA on environmental variables, most large-sized mussel assemblages were associated with warmer habitats.

Because of this correlation, size was not explicitly included as an explanatory variable.

Previous studies have already established that the thermal range of Bathymodiolus azoricus mussels change with their sizes, each size category occupying a different thermal niche (Cuvelier et al., 2011a;[START_REF] Husson | Picturing thermal niches and biomass of hydrothermal vent species[END_REF]. The link between mussel size and temperature may be explained by the fact that larger individuals, living closer to hydrothermal fluid emissions, may have access to higher concentrations of reduced chemicals and thus benefit from potentially higher energy sources than smaller mussels, leading to higher growth rates.

The comparison between the estimated concentrations in H2S from a simple mixing model and those measured in situ on the Menez Gwen and Lucky Strike vent fields (Table S1) shows that the final concentrations above the mussels are overestimated. Such discrepancy can be explained by the consumption of the available reduced chemicals by the local primary production (Cuvelier et al. 2011a). Supplementary sampling of larger size mussels with associated abiotic conditions could help understand whether their proximity to fluid exits favors them with higher potential primary production.

As already observed on TE, the mussel size also influences the composition of associated communities [START_REF] Sarrazin | Biodiversity patterns, environmental drivers and indicator species on a high-temperature hydrothermal edifice, Mid-Atlantic Ridge[END_REF][START_REF] Husson | Picturing thermal niches and biomass of hydrothermal vent species[END_REF]. This is linked to the role of Bathymodiolus azoricus as a foundation species [START_REF] Rybakova | Hydrothermal assemblages associated with different foundation species on the East Pacific Rise and Mid-Atlantic Ridge, with a special focus on mytilids[END_REF], creating threedimensional structures that favor settlement, provide shelter and modulate the environment [START_REF] Van Dover | Diversity at deep-sea hydrothermal vent and intertidal mussel beds[END_REF]. However, our results rather show a negative correlation between mussel size and the densities of mussels and that of their associated fauna. Indeed, most of the large-sized mussel samples were associated with a low diversity index, in accordance with previous results from TE [START_REF] De Busserolles | Are spatial variations in the diets of hydrothermal fauna linked to local environmental conditions?[END_REF]Cuvelier et al., 2011aCuvelier et al., , 2014a;;[START_REF] Sarrazin | Biodiversity patterns, environmental drivers and indicator species on a high-temperature hydrothermal edifice, Mid-Atlantic Ridge[END_REF]. Whether this is linked to the presence of competition between large B. azoricus and their associated fauna is unknown. Large-sized mussels may have high metabolic needs that are detrimental to the settlement and survival of other taxa [START_REF] Dreyer | Development of macrofaunal community structure in mussel beds on the northern East Pacific Rise[END_REF]. In addition, the extreme environmental conditions of warmer microhabitats may limit larval recruitment and settlement because fewer species have the physiological tolerance to thrive in such habitats [START_REF] Husson | Picturing thermal niches and biomass of hydrothermal vent species[END_REF]. Lower diversity in more stressful environmental conditions is a recurrent pattern at vents [START_REF] Sarrazin | Biological characteristics of a hydrothermal edifice mosaic community[END_REF][START_REF] Tsurumi | Diversity at hydrothermal vents[END_REF][START_REF] Cuvelier | Distribution and spatial variation of hydrothermal faunal assemblages at Lucky Strike (Mid-Atlantic Ridge) revealed by high-resolution video image analysis[END_REF]Cuvelier et al. , 2011a)).

Finally, visible microbial mats were only observed in the LS samples, present in ~25%. These white filamentous mats are dominated by sulfur-oxidizing Beggiatoa species but also harbor diversified microbial communities [START_REF] Crépeau | Diversity and function in microbial mats from the Lucky Strike hydrothermal vent field[END_REF]. These mats develop in areas where hydrothermal fluids mix with seawater, respectively extracting reduced chemicals and oxygen [START_REF] Nelson | Characterization of large, autotrophic Beggiatoa spp. abundant at hydrothermal vents of the Guaymas Basin[END_REF][START_REF] Teske | The genera Beggiatoa and Thioploca[END_REF]. Results of a recent study have shown that they preferentially colonize areas that are not directly exposed to fluids, but to currents carrying plume material from main smokers (Girard et al., submitted). This hypothesis is supported by our measurements of temperature that were low in the four targeted assemblages. Microbial filaments can serve as food source to many vent organisms and recent trophic studies have revealed that the majority of vent-endemic fauna feed on free-living microbes [START_REF] De Busserolles | Are spatial variations in the diets of hydrothermal fauna linked to local environmental conditions?[END_REF][START_REF] Govenar | Energy Transfer through Food Webs at Hydrothermal Vents: Linking the Lithosphere to the Biosphere[END_REF][START_REF] Portail | Food-web complexity across hydrothermal vents on the Azores triple junction[END_REF]. Interestingly, gastropods were abundant in most mussel assemblages covered with mats, with the exception of MO2, suggesting that the presence of microbial mats may be attractive to grazers. On the contrary, previous observations by Cuvelier et al. (2011aCuvelier et al. ( , 2014a) ) suggested that the presence of an established filamentous microbial cover may inhibit the settlement of gastropods. These observational discrepancies point out the importance of better defining the role of microbial mats on the functioning of vent communities.

This paper showed that Lucky Strike is a good setting to assess intra-field variations of B.

azoricus assemblages and their associated species. The pool of species in question is largely shared between the edifices, which suggest no obstacles to species dispersion across the vent field. However, differences in relative abundances foster assemblages with varying diversity. These differences may be linked to different physico-chemical conditions in the mussel habitats between the different chemistry domains identified on LS. However, measured endogenous variables (all linked to temperature) do not suffice to explain the beta diversity of mussel assemblages at the field scale. Characterization of other environmental conditions as well as biotic interactions may be the key to assess the observed differences in diversity.

Variability of mussel assemblages from the three studied vent fields

The present study shows the presence of a "vent field signature" in the communities associated with B. azoricus. Overall, only six taxa were shared between the three fields among which L. atlanticus, M. fortunata and copepods were present in all samples. Faunal samples from MG were quite homogeneous and exhibited a distinct profile from the two other vent fields in each analysis, a pattern that has also been observed by other authors [START_REF] Desbruyères | Variations in deep-sea hydrothermal vent communities on the Mid-Atlantic Ridge near the Azores plateau[END_REF][START_REF] Rybakova | Hydrothermal assemblages associated with different foundation species on the East Pacific Rise and Mid-Atlantic Ridge, with a special focus on mytilids[END_REF]. This shallowest vent field differed from the two others displaying a different taxonomic composition and a dominance of the skeneid gastropod Protolira valvatoides. Environmental conditions at MG include colder endmember temperatures and the highest minimal temperatures over the mussels, probably related to high bottom temperatures.

A parabolic pattern in species diversity with respect to water depth has been observed for many deep-sea taxa [START_REF] Rex | Community structure in the deep-sea benthos[END_REF][START_REF] Pineda | Bathymetric species-diversity patterns and boundary constraints on vertical range distributions[END_REF][START_REF] Chase | Bathymetric patterns of genetic variation in a deep-sea protobranch bivalve, <Emphasis Type="Italic">Deminucula atacellana</Emphasis>[END_REF][START_REF] Gray | Antarctic marine benthic biodiversity in a world-wide latitudinal context[END_REF][START_REF] Gooday | Deep Sea Research Part II: Topical Studies in Oceanography. (ANDEEP (Antarctic benthic DEEP-sea) biodiversity: colonization history and recent community patterns: a tribute to Howard L. Sanders[END_REF][START_REF] Mcclain | Mid-domain models as predictors of species diversity patterns: bathymetric diversity gradients in the deep sea[END_REF] with a peak at intermediate depth (2000 m).

This pattern was highlighted in the present study in which LS (1700 m) shows higher diversity than MG (850 m) but lower than RB (2300 m). The same pattern was observed by [START_REF] Desbruyères | A review of the distribution of hydrothermal vent communities along the northern Mid-Atlantic Ridge: dispersal vs. environmental controls[END_REF] between the three vent fields but with a lower taxonomic resolution. These authors suggest that shallower vents harbor less endemic species but a higher number of background taxa. However, this was not observed in our results. Shallower vent fields may also benefit from additional inputs from photosynthetically derived organic carbon as suggested by [START_REF] Bennett | Effect of depth and vent fluid composition on the carbon sources at two neighboring deep-sea hydrothermal vent fields (Mid-Cayman Rise)[END_REF]. Patterns between diversity and depth among vent ecosystems would be an interesting question to tackle at a global scale. These patterns may be explained by various processes regulating species diversity such as speciation rates, environmental variability, productivity, physiological adaptation, biotic interactions, habitat heterogeneity, and historical evolutionary factors (Ricklefs and Schluter 1993;[START_REF] Gray | Antarctic marine benthic biodiversity in a world-wide latitudinal context[END_REF].

The low species diversity at MG may be related to a sampling bias because it has far fewer samples than LS. However, the higher expected richness values of RB, which share the same number of samples as MG, do not support this hypothesis. LS, although geographically closer to MG, shares more of its taxa with RB (37%) than with the former (26%), a pattern that has also been observed by other authors (Desbruyères et al. 2000, Rybakova and[START_REF] Rybakova | Hydrothermal assemblages associated with different foundation species on the East Pacific Rise and Mid-Atlantic Ridge, with a special focus on mytilids[END_REF].

One of the observed differences in community structure is linked to the total absence of polychaetes at MG. Polychaetes are among the key taxa contributing to diversity at vents and they are known to colonize a wide variety of niches. Because polychaetes have previously been sampled at this site (Desbruyères et al., 2001, Rybakova and[START_REF] Rybakova | Hydrothermal assemblages associated with different foundation species on the East Pacific Rise and Mid-Atlantic Ridge, with a special focus on mytilids[END_REF],

we considered a sampling/preservation bias. However, their presence in samples from the two other vent fields, taken during the same cruise using the same protocol, does not support this hypothesis. Alternatively, ecological succession may be operating within the community. For instance, a major change in community composition in MG mussel assemblages may have occurred between 2002[START_REF] Carney | Zonation of Deep Biota on Continental Margins[END_REF][START_REF] Rybakova | Hydrothermal assemblages associated with different foundation species on the East Pacific Rise and Mid-Atlantic Ridge, with a special focus on mytilids[END_REF] and 2013 (our study), as highlighted by the switch in dominance from L. atlanticus (59% of the abundance) to that of P. valvatoides (>57% of the abundance) in the latter, changes that may have affected polychaetes. Whether these changes are linked to temporal variations in environmental conditions, to the presence of biological interactions or simply related to spatial variability is unknown. The absence at MG of B. seepensis, which is the most abundant polychaete species at LS, has also been reported by other authors [START_REF] Galkin | Bottom fauna associated with Bathymodiolus azoricus (Mytilidae) mussel beds in the hydrothermal fields of the Mid-Atlantic Ridge[END_REF].

Overall, the faunal similarity within a single field appears to be more important (42% of the species were shared between all edifices at LS) than that between vent fields (only 14% of the species were shared between MG, LS and RB). It is however difficult to determine which are the factors setting MG mussel assemblages apart from those of the other vent fields due to the high correlations between the factors considered here. The fact that MG is located in the upper bathyal (<1500 m) zone, compared with the lower bathyal (1500-3000 m) for LS and RB, may be key in explaining the faunal differences observed. The upper bathyal zone is often characterized by distinct physical, geological and biological features and the presence of a different water mass may influence local hydrodynamic processes and also ambient bottom temperatures [START_REF] Schlitzer | Electronic atlas of WOCE hydrographic and tracer data now available[END_REF]. The role of currents in connectivity between widely spaced hydrothermal fields should also be assessed. Submesoscale (0.1-10 km) currents are known to play an important role for the dispersal of biogeochemical materials at the ocean surface, but their impact on the dispersion of hydrothermal vent effluents and larvae in the deep ocean are not well understood [START_REF] Vic | Dispersion of deep-sea hydrothermal vent effluents and larvae by submesoscale and tidal currents[END_REF]. Recent simulations suggest that the connectivity between hydrothermal sites can be increased by submesoscale and tidal currents, which act to spread particles and help them cross topographic barriers [START_REF] Vic | Dispersion of deep-sea hydrothermal vent effluents and larvae by submesoscale and tidal currents[END_REF]. A persistent current along the flank of the rift valley around 2000 m was repeatedly observed and confirmed by numerical simulations [START_REF] Lahaye | Deep Currents in the Rift Valley of the North Mid-Atlantic Ridge[END_REF], see Figure 8), this current may promote larvae transport between the different sites. On the contrary, a relatively strong current at shallower depth trending southeast to northwest near MG probably acts as a strong barrier to larval dispersal with the two other vent fields. In the other direction, larvae would have to be motile enough to ascend to MG or be carried by an upwelling in near bottom layers of the water column (Figure 8). More data on currents and species life-history traits at different spatial scales are still needed to evaluate the fate of particles, including larvae, between the three studied vent fields.

Changes in abiotic factors mediated by changes in depth may also explain species distribution patterns on the MAR, as suggested by many authors [START_REF] Desbruyères | A review of the distribution of hydrothermal vent communities along the northern Mid-Atlantic Ridge: dispersal vs. environmental controls[END_REF]2001;[START_REF] Mironov | Biogeography of hydrothermal vent communities and obligate hydrothermal taxa[END_REF][START_REF] Gebruk | Biogeography of Atlantic hydrothermal vents[END_REF][START_REF] Fabri | The hydrothermal vent community of a new deep-sea field, Ashadze-1, 12 58′ N on the Mid-Atlantic Ridge[END_REF][START_REF] Wheeler | Moytirra: Discovery of the first known deep-sea hydrothermal vent field on the slowspreading Mid-Atlantic Ridge north of the Azores[END_REF][START_REF] Rybakova | Hydrothermal assemblages associated with different foundation species on the East Pacific Rise and Mid-Atlantic Ridge, with a special focus on mytilids[END_REF]. This hypothesis has also been formulated for cold-seep communities of the Atlantic equatorial belt [START_REF] Cordes | Cold seeps of the deep Gulf of Mexico: Community structure and biogeographic comparisons to Atlantic equatorial belt seep communities[END_REF][START_REF] Olu | Biogeography and Potential Exchanges Among the Atlantic Equatorial Belt Cold-Seep Faunas[END_REF]. At vents, depth is known to influence phase separation processes [START_REF] Charlou | Compared geochemical signatures and the evolution of Menez Gwen (37°50′N) and Lucky Strike (37°17′N) hydrothermal fluids, south of the Azores Triple Junction on the Mid-Atlantic Ridge[END_REF]2002), contributing to modifications in fluid composition [START_REF] Wetzel | Distinguishing ultramafic-from basalt-hosted submarine hydrothermal systems by comparing calculated vent fluid compositions[END_REF]. Therefore, endmember fluids formed in ultramafic rocks (RB) are characterized by metal-enriched brines, but those from MG and LS are gas-enriched and metal-depleted [START_REF] Charlou | Compared geochemical signatures and the evolution of Menez Gwen (37°50′N) and Lucky Strike (37°17′N) hydrothermal fluids, south of the Azores Triple Junction on the Mid-Atlantic Ridge[END_REF]2002).

Although the physico-chemical compositions of end-member fluids are relatively well known, they are not sufficient to understand the conditions experienced in the diffuse areas colonized by the fauna. For instance, environmental conditions (e.g. reduced compounds and oxygen) in the mixing gradient between cold seawater and hot hydrothermal fluids play a major role in the composition and metabolism of microbial communities, leading to the presence of distinct dominant basal sources and influencing the composition and structure of vent communities [START_REF] Cerqueira | Sediment microbial diversity of three deep-sea hydrothermal vents southwest of the Azores[END_REF][START_REF] Portail | Food-web complexity across hydrothermal vents on the Azores triple junction[END_REF]. In this study, diffuse fluids measured in MG and LS mussel assemblages showed much lower concentrations in methane and iron than those of RB. Metal concentrations in vent fluids may influence the distribution of filter-feeding organisms by forming iron sulfide complexes that limit the availability of hydrogen sulfide [START_REF] Luther | Chemical speciation drives hydrothermal vent ecology[END_REF][START_REF] Charlou | Geochemistry of high H 2 and CH4 vent fluids issuing from ultramafic rocks at the Rainbow hydrothermal field (36°14′N, MAR)[END_REF] and increase the load in toxic compounds. These potential metal concentrations may explain the restricted spatial distribution of mussel assemblages in the RB high-metal environment [START_REF] Desbruyères | A review of the distribution of hydrothermal vent communities along the northern Mid-Atlantic Ridge: dispersal vs. environmental controls[END_REF]. However, despite higher chemical similarities between MG and LS fluid signatures, our study shows more similarity in faunal composition between LS and RB mussel assemblages. Other chemical compounds from the diffuse fluids (not analyzed here, such as ligands as well as organic and inorganic compounds) may influence the availability of sulfur by iron complexation as proposed in Laes et al. ( 2016) for the TE area over a period of six months (2013)(2014). Complementary chemical analysis may help in the understanding of the variation of mussel assemblage over the three sites. In addition, trophic inputs from photosynthetic primary production also vary with respect to depth and may explain differences in community structure between the three fields. However, photosynthesisderived organic matter proved to be a minor energy source in the food webs of our three vent fields [START_REF] Colaço | Nutritional relations of deep-sea hydrothermal fields at the Mid-Atlantic Ridge: a stable isotope approach[END_REF][START_REF] Cordes | Cold seeps of the deep Gulf of Mexico: Community structure and biogeographic comparisons to Atlantic equatorial belt seep communities[END_REF][START_REF] De Busserolles | Are spatial variations in the diets of hydrothermal fauna linked to local environmental conditions?[END_REF][START_REF] Portail | Food-web complexity across hydrothermal vents on the Azores triple junction[END_REF].

Notwithstanding, photosynthetic-OM inputs may indirectly affect vent communities through top-down processes by influencing the distribution of migrant species including predators [START_REF] Carney | Consideration of the oasis analogy for chemosynthetic communities at Gulf of Mexico hydrocarbon vents[END_REF][START_REF] Carney | Zonation of Deep Biota on Continental Margins[END_REF][START_REF] Cordes | Influence of foundation species, depth, and location on diversity and community composition at Gulf of Mexico lower-slope cold seeps[END_REF][START_REF] Olu | Biogeography and Potential Exchanges Among the Atlantic Equatorial Belt Cold-Seep Faunas[END_REF][START_REF] Sahling | Depth-related structure and ecological significance of cold-seep communities-a case study from the Sea of Okhotsk[END_REF]. It has been hypothesized that the larger number of predators at shallower depths may exert a non-negligible impact on MG assemblages [START_REF] Rybakova | Hydrothermal assemblages associated with different foundation species on the East Pacific Rise and Mid-Atlantic Ridge, with a special focus on mytilids[END_REF]. In addition to depth, field-specific environmental factors such as geological setting and the nature of underlying rocks may also explain the substantial differences observed between fields on the MAR [START_REF] Desbruyères | A review of the distribution of hydrothermal vent communities along the northern Mid-Atlantic Ridge: dispersal vs. environmental controls[END_REF]2001;[START_REF] Copley | Assessment of decadal-scale ecological change at a deep Mid-Atlantic hydrothermal vent and reproductive time-series in the shrimp Rimicaris exoculata[END_REF][START_REF] Fabri | The hydrothermal vent community of a new deep-sea field, Ashadze-1, 12 58′ N on the Mid-Atlantic Ridge[END_REF]. Furthermore, the contribution of basal sources to food webs are influenced by environmental conditions.

However, species that were shared between assemblages showed high trophic flexibility, suggesting that the metabolic diversity of basal sources may not be a structuring factor [START_REF] Portail | Food-web complexity across hydrothermal vents on the Azores triple junction[END_REF]. These results provide further support to the hypothesis that exogenous rather than endogenous factors explain the dissimilarity in faunal community structure among northern MAR hydrothermal vents.

Despite difficulties in sampling the steep edifices of RB and the higher sampling effort on LS, this study reveals high consistencies in the taxonomic composition of species associated with mussel assemblages at the field scale. We also observed distinct patterns of abundances and diversity across the three studied vent fields, with MG appearing as a particular case. The presence of a relatively strong current at shallower depth trending southeast to northwest near MG probably acts as a strong barrier to larval dispersal with the two other vent fields.

On the other hand, the higher faunal similarity between the two geographically more distant fields (LS and RB) may be related to the presence of a current along the flank of the rift valley that may favor larval dispersal. The addition of hydrodynamic processes in future analyses may help identifying the factors driving connectivity and therefore explain compositional differences between fields. Moreover, supplementary chemical The factors influencing the structure of hydrothermal communities are not necessarily similar across geographical regions and vent fields. In the present study, we explore the role of environmental conditions on vent community structure at local and regional spatial scales, focusing on the assemblages dominated by the engineer species Bathymodiolus azoricus. Distinct patterns of faunal abundances and diversity were observed across the three studied vent fields [Menez Gwen (MG), Lucky Strike (LS) and Rainbow (RB)], with MG appearing as a particular case. The presence of a longitudinal current to the south of this field and its depth difference may partially explain those discrepancies.

  . A total of 21 B. azoricus faunal assemblages from these three vent fields were examined during the present study (supplementary material Figure S.1.). Their habitats were characterized and the fauna sampled during three different cruises on the MAR: Momarsat 2011, Momarsat 2012, and Biobaz 2013 (Table

  015) and large ones with the left (p=0.031) side of the PCA. The first axis was positively correlated with Halacaridae, Tanaidacea, Sericosura heteroscela, A. lutzi, B. seepensis, Cirratulidae, Lirapex costellata, Glyceridae, Spionidae, Sipuncula, Laeviphitus desbruyeresi, L. atlanticus, Pseudorimula midatlantica, P. valvatoides, Xylodiscula analoga and negatively correlated with Copepoda. The second axis made for a good regression for the different edifices (R²=0.73, p=0.006), MG being the only site visually separated from the others. MG was significantly associated with the lower part of the figure (Figure 5, p=0.0003), and Cypress the upper part (p=0.02). The second axis divided the PCA into two parts: i) in the top part: samples with higher densities of A. lutzi, Ostracoda, P. smaragdina, M. fortunata, L. jouinae, Branchinotogluma sp., B. 
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  Figure S.2a.) display a gradient of diversity between all samples, with samples from the same

Figure 1 .

 1 Figure 1. A. Location of the three vent fields on the Mid-Atlantic Ridge, south of the Azores: Menez Gwen at ~825m, Lucky Strike at ~1700 m and Rainbow at ~2275 m depth. A total of 21 mussel assemblages were sampled on seven active edifices on B. Menez Gwen, C. Lucky Strike and D. Rainbow. Number of samples in parentheses.

Figure 2 .

 2 Figure 2. A. Sampling locations on the Menez Gwen (MG) vent field, at the Atos 10 site. Three mussel assemblages were characterized and sampled. Autonomous temperature probes recorded temperatures for 13 days within each assemblage. When possible, calibrated targets, with visible 7 x 7 mm checkerboards, were deployed to facilitate image calibration. B. Three sampled mussel assemblages on the Lucky Strike (LS) vent field, here on the Eiffel Tower edifice in 2013. A total of 15 mussel assemblages were characterized and sampled on four different edifices (Eiffel Tower but also Y3, Cypress and Montségur) during three cruises in 2011, 2012 and 2013.Autonomous temperature probes recorded temperatures for several days within each assemblage. C. One of the three sampled mussel assemblage on the Rainbow (RB) vent field, here on the Thermitière edifice. In the photo, the Victor6000 ROV arm is being used, after a first suction sampling, to sample the mussels and associated fauna. A second suction sample is taken to clear the surface of any remaining fauna. Since no temperature probe was deployed at this site, mean temperatures were extracted from in situ measurements taken using the ROV probe.

Figure 3 .

 3 Figure 3. Biplot of the principal component analysis (PCA) of environmental variables at the local and regional scales. Colors indicate size of the mussels in the assemblages: Red: Large (> 6 cm); Green: medium (2-6 cm); Blue: small mussels (< 2 cm). Environmental variables are the following: minimum temperature (Min_T), mean temperature (Mean_T), maximum temperature (Max_T), standard deviation of temperature (Std_T), distance to Menez Gwen in kilometres (Dist_MG), temperature of end-member fluids -T_EndM) and depth.

Figure 4 .

 4 Figure 4. Venn diagrams showing distribution of meio-and macrofaunal taxa. A. among the three vent fields and B. among four edifices of the Lucky Strike vent field and for two years on Eiffel Tower.

Figure 5 .

 5 Figure 5. Principal component analysis (PCA) of species composition on the different edifices sampled in this study. Variables (taxa) not well represented (cos2 <25%) are not shown. Colors and shapes distinguish the different assemblage types: blue squares: small mussels (< 2 cm); green triangles: medium mussels (2-6 cm); red circles: large mussels (> 6 cm). Larger symbols indicate the barycenter of assemblage type.

Figure 6 .

 6 Figure 6. Principal component analysis on Renyi's entropy selected values. Colors indicate the type of assemblage: Red: Large (> 6 cm); Green: medium (2-6 cm); Blue: small mussels (< 2 cm).

Figure 7 .

 7 Figure 7. Redundancy analysis of taxonomic composition explained by environmental variables. Dim 1 and 2 represent the position of the two first dimensions of the PCA on environmental variables (Figure3). Dim. 1 was highly correlated with exogenous factors: Depth, end-member temperature, distance to the Menez Gwen vent field. Dim. 2 was highly correlated to endogenous factors: Min, Mean, Max and Std temperatures taken within the mussel assemblages. Colors indicate the type of assemblage: Red: Large (> 6 cm); Green: medium (2-6 cm); Blue: small mussels (< 2 cm). Only species with coordinates distinct from the center (absolute value > 0.1) are shown. The plot is adapted from the default output of rda function from "vegan" package using scaling=2 (correlation triplot).

Figure 8 .

 8 Figure 8. Currents over the northern mid-Atlantic Ridge (MAR) averaged over 4 months from a realistic numerical simulation at A. 800 m, B. 1800 m and C. 2000 m. Topography is indicated in dark gray when shallower than the depth of the plot and in light gray when deeper -at 500 m intervals. Currents are shown in black arrows (with the line width proportional to the amplitude) superimposed over the velocity magnitude in blue (cm/s, see the color bar on the right). Details on the numerical simulations are available in Vic et al. (2018).

Figure S. 1 .

 1 Figure S.1. Photos of the 21 sample locations from the three vent fields on the Mid-Atlantic Ridge. A-O : Lucky Strike, P-R : Menez Gwen and S-U : Rainbow. Samples were taken during several cruises on different research vessels using the ROV Victor6000. Targets, with visible 7 x 7 mm checkerboards, were deployed to facilitate image calibration. For sampling, the Victor6000 ROV arm was used to sample the mussels after suction of small mobile fauna. A second suction sample was taken to clear the surface of the remaining fauna.

Figure S. 2 .

 2 Figure S.2. Species accumulation curves of sampled macrofaunal taxa (A) and meiofaunal taxa (B). Color indicates the edifice: red: Cypress; green: Y3; yellow: Eiffel Tower 2011; blue: Montségur; orange: Eiffel Tower 2013; purple: Menez Gwen; black: Rainbow. Line type indicates the sample replicate: 1: solid; 2: dashed; 3: dotted.

Figure S. 3 .

 3 Figure S.3. Renyi's entropy profile D α =exp(H α ). For α=0, D α = species richness. For α=1, D α = exponential of Shannon index. For α=2, D α = inverse of Simpson index. For α Inf, D α = 1/P, where P is the proportion of the dominant species. For α Inf, D α is an estimate of the evenness. Color indicates the edifice: red: Cypress; green: Y3; yellow: Eiffel Tower 2011; blue: Montségur; orange: Eiffel Tower 2013; purple: Menez Gwen; black: Rainbow. Line type indicates the sample replicate: 1: solid; 2: dashed; 3: dotted.

  

  

  The lowest was RB3 with 375 ± 30 cm² and the highest RB2 with 992 ± 36 cm². Sampled surface area on RB1 could not be estimated due to issues with the suction sampler. Mussel assemblages taken from MG and RB were all composed of large mussels, in higher densities on MG (from 1555 ind./m² on MG2 to 2427 ind./m² on MG1, Table1), than on RB (from 756 ind./m² on RB2 to 1574 ind./m² on RB3). These densities were lower than those found on the LS assemblages. Faunal densities of the associated fauna on MG were in the lower end of those found at LS, with values varying from 11 487 ind./m² on MG2 to 50 675 ind./m² on MG3. The two RB samples available displayed both the lowest (RB2: 8002 ind./m²) and the second highest densities in this study (187 795 ind./m² on RB3, Table
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