Camille Lavoie 
email: camille.lavoie.7@ulaval.ca
  
Maxime Courcelle 
  
Baptise Redivo 
  
Nicolas Derome 
  
Marie H2020 
  
  
  
  
Structural and compositional mismatch between captive and wild Atlantic salmon (Salmo salar) parrs' gut microbiota highlights the relevance of integrating molecular ecology for management and conservation methods

Keywords: SSU rRNA gene, aquaculture, Atlantic salmon, host-microbiota interactions, metabarcoding sequencing, microbial ecology, stocking

come    

Structural and compositional mismatch between captive and wild Atlantic salmon (Salmo salar) parrs' gut microbiota highlights the relevance of integrating molecular ecology for management and conservation methods

| INTRODUC TI ON

Demographic decline of Atlantic salmon population in the Province of Quebec led to the introduction of government programs to restore endangered salmon stock in rivers. Most of stocking programs involve the introduction of hatchery-raised juveniles in rivers, usually 0+ or 1+ parrs [START_REF] Caron | État des stocks de saumon au Québec en 2005[END_REF][START_REF] Caron | Seuil de conservation et cible de gestion pour les rivières à saumon (Salmo salar) du Québec[END_REF][START_REF] Milot | Reduced fitness of Atlantic salmon released in the wild after one generation of captive breeding[END_REF], because later life stages were observed to have lower reproductive success [START_REF] Carr | Efficacy of releasing captive reared broodstock into an imperilled wild Atlantic salmon population as a recovery strategy[END_REF]. However, several studies show that stocking methods do not meet expected results as hatchery-born fish exhibit significantly inferior survival rates (from 0.1% to 0.5%) compared to their wild-born relatives (4%): [START_REF] Ford | Selection in captivity during supportive breeding may reduce fitness in the wild[END_REF][START_REF] Kristiansen | Size-dependent mortality of juvenile Atlantic cod, estimated from recaptures of released reared cod and tagged wild cod[END_REF][START_REF] Stringwell | Maladaptation and phenotypic mismatch in hatchery-reared Atlantic salmon Salmo salar released in the wild[END_REF][START_REF] Svasand | Enhancement studies of coastal cod in western Norway Part IV. Mortality of reared cod after release[END_REF], in addition to a lower fitness [START_REF] Araki | Fitness of hatchery-reared salmonids in the wild[END_REF][START_REF] Milot | Reduced fitness of Atlantic salmon released in the wild after one generation of captive breeding[END_REF]. Overall, physiology of stocked salmon is different than that of wild ones [START_REF] Poole | An ecophysiological comparison of wild and hatcheryraised Atlantic salmon (Salmo salar L.) smolts from the Burrishoole system, western Ireland[END_REF][START_REF] Stringwell | Maladaptation and phenotypic mismatch in hatchery-reared Atlantic salmon Salmo salar released in the wild[END_REF], but it is still unclear how the physiological mismatch takes place between hatchery-and wild-born individuals. Several factors may contribute to these unsuccessful results, such as a strong local adaptation of wild-born salmon to natural conditions [START_REF] Dionne | Landscape genetics and hierarchical genetic structure in Atlantic salmon: The interaction of gene flow and local adaptation[END_REF][START_REF] Perrier | Parallel and nonparallel genome-wide divergence among replicate population pairs of freshwater and anadromous Atlantic salmon[END_REF], even though juveniles are generated with wild breeders captured from the targeted river in order to provide hatchery-born juveniles with genetic adaptations from the targeted wild population. Despite a genetic composition issued from the wild population, phenotypic mismatch remains in stocked parrs. The latter is therefore suspected to result from acclimation to hatchery conditions themselves [START_REF] Milot | Reduced fitness of Atlantic salmon released in the wild after one generation of captive breeding[END_REF][START_REF] Orlov | The feeding behaviour of cultured and wild Atlantic salmon, Salmo salar L., in the Louvenga river, Kola Peninsula, Russia[END_REF][START_REF] Stringwell | Maladaptation and phenotypic mismatch in hatchery-reared Atlantic salmon Salmo salar released in the wild[END_REF]. Indeed, these essentially differ from natural environment in terms of water conditions, food and disease management, all of which strongly influencing microbial environment [START_REF] Donaldson | Gut biogeography of the bacterial microbiota[END_REF][START_REF] Landeira-Dabarca | Change in food ingestion induces rapid shifts in the diversity of microbiota associated with cutaneous mucus of Atlantic salmon Salmo salar[END_REF][START_REF] Ringo | The effect of diet on aerobic bacterial flora associated with intestine of Arctic charr (Salvelinus alpinus L.)[END_REF][START_REF] Vrieze | Impact of oral vancomycin on gut microbiota, bile acid metabolism, and insulin sensitivity[END_REF]. Besides environmental and developmental conditions such as stress [START_REF] Boutin | Network analysis highlights complex interactions between pathogen, host and commensal microbiota[END_REF], life stage cycle [START_REF] Llewellyn | The biogeography of the atlantic salmon (Salmo salar) gut microbiome[END_REF][START_REF] Stephens | The composition of the zebrafish intestinal microbial community varies across development[END_REF][START_REF] Yan | Environmental filtering decreases with fish development for the assembly of gut microbiota[END_REF], antibiotic administration [START_REF] Vrieze | Impact of oral vancomycin on gut microbiota, bile acid metabolism, and insulin sensitivity[END_REF] and nutrition [START_REF] Desai | Effects of plant-based diets on the distal gut microbiome of rainbow trout (Oncorhynchus mykiss)[END_REF][START_REF] Gajardo | A high-resolution map of the gut microbiota in Atlantic salmon (Salmo salar): A basis for comparative gut microbial research[END_REF][START_REF] Landeira-Dabarca | Change in food ingestion induces rapid shifts in the diversity of microbiota associated with cutaneous mucus of Atlantic salmon Salmo salar[END_REF][START_REF] Reveco | Intestinal bacterial community structure differs between healthy and inflamed intestines in Atlantic salmon (Salmo salar L.)[END_REF][START_REF] Ringo | The effect of diet on aerobic bacterial flora associated with intestine of Arctic charr (Salvelinus alpinus L.)[END_REF], individual [START_REF] Boutin | Inter individual variations of the fish skin microbiota: Host genetics basis of mutualism?[END_REF] and population genotype [START_REF] Dionne | Clinal variation in mhc diversity with temperature: Evidence for the role of host-pathogen interaction on local adaptation in Atlantic salmon[END_REF][START_REF] Dionne | Landscape genetics and hierarchical genetic structure in Atlantic salmon: The interaction of gene flow and local adaptation[END_REF] have also been identified as factors contributing to the recruitment of symbionts housing the gut microbiota. As genetic structure of natural population showed evidence of local adaptation for Atlantic salmon [START_REF] Dionne | Landscape genetics and hierarchical genetic structure in Atlantic salmon: The interaction of gene flow and local adaptation[END_REF][START_REF] Garcia De Leaniz | A critical review of adaptive genetic variation in Atlantic salmon: Implications for conservation[END_REF], it is expected that the genetically controlled gut microbiota is also involved in local adaptation [START_REF] Dionne | Clinal variation in mhc diversity with temperature: Evidence for the role of host-pathogen interaction on local adaptation in Atlantic salmon[END_REF]. Indeed, Salmo salar gut microbiota is specific to its local environment at the first life cycle stages and changes as soon smolts migrate from fresh to saltwater [START_REF] Llewellyn | The biogeography of the atlantic salmon (Salmo salar) gut microbiome[END_REF], suggesting that intestinal bacterial communities would also differ depending on the rearing environment.

Over the last decade, several studies highlighted the substantial benefits that the microbiome confers to its host [START_REF] Bäckhed | Host-bacterial mutualism in the human intestine[END_REF][START_REF] Balcazar | In vitro competitive adhesion and production of antagonistic compounds by lactic acid bacteria against fish pathogens[END_REF][START_REF] Chabrillon | Interactions of microorganisms isolated from gilthead sea bream, Sparus aurata L., on Vibrio harveyi, a pathogen of farmed Senegalese sole, Solea senegalensis (Kaup)[END_REF][START_REF] Gaboriau-Routhiau | The key role of segmented filamentous bacteria in the coordinated maturation of gut helper T cell responses[END_REF][START_REF] Rawls | Gnotobiotic zebrafish reveal evolutionarily conserved responses to the gut microbiota[END_REF][START_REF] Scanlan | Culture-independent analysis of the gut microbiota in colorectal cancer and polyposis[END_REF][START_REF] Stappenbeck | Developmental regulation of intestinal angiogenesis by indigenous microbes via Paneth cells[END_REF][START_REF] Sylvain | Vertically and horizontally transmitted microbial symbionts shape the gut microbiota ontogenesis of a skin-mucus feeding discus fish progeny[END_REF][START_REF] Tremaroli | Functional interactions between the gut microbiota and host metabolism[END_REF]. Microbial communities play a key role in fish development as they provide bacterial commensals that will colonize all fish body surfaces: skin, gills, and more importantly the intestinal tract [START_REF] Boutin | Inter individual variations of the fish skin microbiota: Host genetics basis of mutualism?[END_REF][START_REF] Sylvain | Vertically and horizontally transmitted microbial symbionts shape the gut microbiota ontogenesis of a skin-mucus feeding discus fish progeny[END_REF]. Specific bacteria composing the gut microbiota are involved in nutrients degradation [START_REF] Tremaroli | Functional interactions between the gut microbiota and host metabolism[END_REF], activation of immune cells such as lymphoblasts [START_REF] Gaboriau-Routhiau | The key role of segmented filamentous bacteria in the coordinated maturation of gut helper T cell responses[END_REF], intestinal epithelium cell renewal [START_REF] Rawls | Gnotobiotic zebrafish reveal evolutionarily conserved responses to the gut microbiota[END_REF], and angiogenesis of the intestinal tract [START_REF] Stappenbeck | Developmental regulation of intestinal angiogenesis by indigenous microbes via Paneth cells[END_REF]. In teleosts, epithelium and gut microorganisms actively prevent opportunistic pathogens growth by both acting as a physical barrier [START_REF] Balcazar | In vitro competitive adhesion and production of antagonistic compounds by lactic acid bacteria against fish pathogens[END_REF][START_REF] Chabrillon | Interactions of microorganisms isolated from gilthead sea bream, Sparus aurata L., on Vibrio harveyi, a pathogen of farmed Senegalese sole, Solea senegalensis (Kaup)[END_REF] and promoting antimicrobial molecules synthesis (e.g., bacteriocin, enterocin) [START_REF] Chanos | Co-culture inducible bacteriocin production in lactic acid bacteria[END_REF][START_REF] Satish Kumar | Purification and characterization of enterocin MC13 produced by a potential aquaculture probiont Enterococcus faecium MC13 isolated from the gut of Mugil cephalus[END_REF], thereby making the gut microbiota a major factor in the development and maturation of the digestive tract immune system [START_REF] Fredborg | G proteincoupled receptor 120 (GPR120) transcription in intestinal epithelial cells is significantly affected by bacteria belonging to the Bacteroides, Proteobacteria, and Firmicutes phyla[END_REF][START_REF] Rawls | Gnotobiotic zebrafish reveal evolutionarily conserved responses to the gut microbiota[END_REF]. It has also been observed that gene regulation and hormone secretion of the host are affected by metabolites from bacterial activity acting as signal molecules [START_REF] Tremaroli | Functional interactions between the gut microbiota and host metabolism[END_REF]. Recent studies have also linked the microbiota composition with modification in epigenetic patterns in newborns, increasing the need to further investigate the role of the microbiota in the understanding of the phenotypic plasticity in teleosts [START_REF] Bhat | Dietary metabolites derived from gut microbiota : Critical modulators of epigenetic changes in mammals[END_REF][START_REF] Cortese | Epigenomemicrobiome crosstalk: A potential new paradigm influencing neonatal susceptibility to disease[END_REF][START_REF] Indrio | Epigenetic matters: The link between early nutrition, microbiome, and long-term health development[END_REF][START_REF] Rossi | Folate production by probiotic bacteria[END_REF].

Because host-microbiota interactions are narrowly related to the host physiology [START_REF] Donaldson | Gut biogeography of the bacterial microbiota[END_REF][START_REF] Klaasen | Apathogenic, intestinal, segmented, filamentous bacteria stimulate the mucosal immunesystem of mice[END_REF][START_REF] Liu | Comparison of the gut microbe profiles and numbers between patients with liver cirrhosis and healthy individuals[END_REF][START_REF] Scanlan | Culture-independent analysis of the gut microbiota in colorectal cancer and polyposis[END_REF][START_REF] Wu | Analysis of the human gut microbiome and association with disease[END_REF][START_REF] Zhang | Metagenomics: A new way to illustrate the crosstalk between infectious diseases and host microbiome[END_REF], it is suspected that bacterial composition of microbial communities will tightly adapt to artificial rearing conditions (water composition, food, environmental bacterial community), which in turn will affect the ability of hatchery-reared parrs to adapt to natural conditions once released.

To determine the impact of artificial rearing on the gut microbiota composition of parrs meant for stocking, we sampled parrs juveniles from two different populations (Malbaie and Rimouski river) belonging to two different designable units (DU) of Salmo salar. DU are characterized by "an evidence of discreteness, such as in morphology, life history, behavior and/or neutral genetic markers as well as large disjunctions between populations and occupation of different eco-geographic regions" (COSEWIC, 2010). The two populations are subjected to conservation stocking, for which juveniles are reared in hatchery until they reach the stage of 0+ parrs before being released into the wild. Captive 0+ parrs, issued from wild breeders and reared in Tadoussac Hatchery (Quebec, Canada), have been sampled and compared to their wild relatives. By hypothesizing that parrs' gut microbiota composition is influenced more by rearing environment than breeder's genotype, this study aimed to (a) characterize environmental microbiota from hatchery and river waters, (b) characterize the gut microbiota composition from captive and wild-born parrs from the same genetic population (i.e., Rimouski or Malbaie), and (c) identify symbionts that are specific either to hatchery-or wild-born parrs' gut microbiota. Three predictions were made as follows: (a) Environmental microbial communities would significantly differ between the two rivers and the hatchery water, (b) gut microbiota composition of captive and wild-born parrs from the same genetic population would significantly differ, and (c) exclusive taxa would be found in both hatchery-and wild-born parrs' gut microbiota.

Using 16S SSU rRNA gene metabarcoding, we have been able to determine the microbiota composition of 27 parrs gut samples and water samples from each environment. Our results revealed significant differences between environment and gut microbiota from parrs depending on their origin. Furthermore, diet may be the most important factor contributing to the formation of the parrs' gut microbiota composition. Overall, this study suggests that environment may overpass genotype for the commensals recruitment: Parrs from the same genetic population, reared in two distinct environments, host a significantly different gut microbiome in terms of structure, diversity, and taxonomic composition. For instance, captive parrs' microbiota hosts mainly Lactobacillaceae whereas their wild relatives host mainly Enterobacteriaceae. Consequently, stocked parrs' gut microbiota may not confer the same metabolic functions as their wild relatives. Although further investigations are needed to understand how the divergence of the gut microbiota between the reared parrs' microbiota and their wild relatives will affect their survival in the wild, it is now clear that host-microbiome interactions must not be neglected for stocking programs.

| MATERIAL S AND ME THODS

| Samples collection and preparation

Captive parrs were sampled from the Tadoussac hatchery (Quebec, Canada), where salmonids from Malbaie and Rimouski rivers are reared for stocking. According to their time of capture, wild breeders from Malbaie and Rimouski rivers were kept in captivity for a period ranging from 2 months to 5 years before spawning. For both groups, artificial spawning occurred between November 28 and December 12, 2012, and hatching between March 29 and April 9, primers. These primers bond on hyperconserved regions of the 16S gene, surrounding the hypervariable V3-V4 region. PCR amplicons were visualized by electrophoresis on agarose gels (2% m/v , SB buffer, 100 V) and purified using AMPure XP beads (Beckman & Coulter) to remove the PCR reagents, including primer dimers. DNA quality of amplicons was determined by spectrophotometry (NanoDrop2000, ThermoFisher Scientific). When needed, samples were diluted to obtain 5-10 ng/μl of DNA. A second PCR amplification (PCR2, barcoding step) was performed using a two markers combination as primers to identify the samples. Another validation was performed after the second amplification by electrophoresis and final purification was completed using AMPure XP beads (Beckman & Coulter).

Reagents and PCR settings are described in Supporting Information.

Once prepared, samples were sent to the sequencing facility of the Institut de Biologie Integrative et des Systèmes (IBIS) of Laval University, Quebec, Canada, for paired-end sequencing under the MiSeq Illumina platform, using a read length of 2 × 300 pb and V3 kit reagent.

| Sequence analysis and statistics

The assembly of paired-end sequences was performed using QIIME (v.1.9.1) [START_REF] Edgar | Search and clustering orders of magnitude faster than BLAST[END_REF] and PANDAseq (v.1.0) [START_REF] Maselle | PANDAseq : Paired-end assembler for illumina sequences[END_REF]. Only paired sequences between 400 and 500 pb with a minimum overlap of 100 bp were kept for further analysis. Chimeric sequences were then removed using QIIME (Usearch61) to ensure that assembled sequences truly resulted from the same operational taxonomic unit (OTU). OTUs from each sample were assigned to the paired reads using the de_novo method at 97% similarity with the SILVA123 database.

An OTU table was then obtained and processed using R (3.2.3) and Phyloseq package. A total of 241,016 OTUs was obtained. Before data analysis, OTUs were filtered to remove Unidentified taxa. This step reduced the OTUs number to 212,352. All taxa under 0.005% of relative abundance were then removed [START_REF] Bokulich | Quality-filtering vastly improves diversity estimates from Illumina amplicon sequencing[END_REF]. The remaining 1,067 OTUs were used for subsequent analysis.

Structure and composition of parrs' gut microbiota were investigated as follows: Alpha-diversity was calculated using the Shannon index; richness and evenness alone were estimated with Chao1 and Pielou's indexes, respectively. A nonparametric variance analysis (Kruskal-Wallis) and Kruskal-Wallis post hoc tests were performed on Shannon index to determine whether alpha-diversity of the gut microbiota from each group was similar. For network analysis, Spearman correlation was calculated between each gut sample. Significant correlations (<5% with Bonferroni correction) with a minimum coefficient of 0.3 were kept for the creation of an interaction network under Cytoscape (v.3.5.1). Gut microbiota composition was also compared between each site using a permutation-based multivariate analysis of variance (PERMANOVA) of UniFrac distances (weighted and unweighted). UniFrac distances use phylogenetic information of the sequences, comparing the similarity of sequences between samples. A principal coordinate analysis (PCoA) was performed on both weighted and unweighted UniFrac distances, allowing the visualization of individual and group differences of the gut microbiota composition. An analysis of the multivariate homogeneity of group dispersion (variances) was performed on the weighted UniFrac distances using the betadisper function in vegan package. This test allowed us to visualize the dispersion of the microbiota taxonomic structure within captive and wild parrs' samples. Identification of main OTUs composing the water and gut microbiota was performed by representing the twenty most abundant OTUs of each environment. OTUs were grouped according to family taxonomic rank and visualized with abundance barplots, using ggplot2 package under R. An additional abundance barplot was generated to allow the visualization of the gut and water microbiota composition according to the phylum taxonomic rank. At last, further analysis of gut microbiota composition was carried out by comparing the top 5 OTUs composing each parrs' group microbiota, represented at the genus level.

| RE SULTS

A total of 4,108,663 sequences were obtained after the sequencing and the assembly of paired sequences that were distributed within 23 phyla and assigned to 742 bacterial genera. After filtration (OUT relative abundance threshold of 0.005%), 1,067 OTUs were kept for the analysis of the water and gut microbiota.

| Microbiota structure analysis

Analysis of the alpha-diversity (Shannon index) of the gut microbiota (Figure 1a) showed that captive-bred parrs housed a much more diversified microbiota than wild parrs. This is especially true for Rimouski population: Wild parrs' (RWP) mean Shannon index (1.17) was significantly lower than captive parrs' (RCP: 4.03, pvalue = 0.00089, MCP: 3.91, p-value = 0.00152). Malbaie wild parrs (MWP) (mean Shannon index: 2.12) exhibited an intermediate richness between Malbaie captive-bred parrs and Rimouski wild parrs. This result is mostly explained by one outlier (MWP18), which presented a much higher diversity of symbionts than its relatives.

Alpha-diversity measurement boxplots for Shannon, Chao1, and Pielou's evenness indexes (for water and gut samples), as well as a F I G U R E 1 (a) Alpha-diversity of gut microbiota is lower in wild parrs when compared to their captive relatives. Shannon diversity indexes of gut microbiota are represented in boxplot regarding of parrs location. (b) Environmental conditions are the main driver of gut microbiota. Composition of the 27 microbiota samples, constructed with Cytoscape v.3.2.1, illustrates co-related samples based on Spearman coefficient (r > 0.3, p-value < 0.01). Each node (dot) represents a gut microbiota sample. The node size is proportional to the number of connections a sample makes with other samples, where captive parrs' microbiota shows higher number of connections within its group than wild parrs S3).

Network analysis (Figure 1b) shows that individual gut microbiota from captive-bred parrs issued from both Rimouski and Malbaie populations are strongly connected, with a mean Spearman coefficient of 0.600 (see Supporting Information Table S4 Principal coordinates analysis (PCoA) either based on unweighted (Figure 2a) or weighted (Figure 2b) UniFrac distances showed a clustering of individual gut microbiota according to the origin of the fish:

Captive-bred parrs are grouped, whereas wild parrs' populations are differentiated from one another and from their captive relatives.

Clustering was even more pronounced with unweighted distance matrices (Figure 2a). The PERMANOVA based on weighted (Table 1)

and unweighted (Table 2) UniFrac metric distances revealed significant to highly significant differences between most groups, the lowest differentiation being detected for captive-bred parrs, which was not significant for weighted UniFrac distances (p-value = 0.116).

The analysis of the multivariate homogeneity of group dispersion (variances) revealed a higher interindividual variation for captive parrs and MWP group when compared to RWP (Figure 3). No significant difference was obtained when comparing MCP interindividual variances to MWP (p-value = 0.4271981). However, it is possible to assess the higher interindividual variation for MWP group by the outlier MWP18, which shows a more diverse gut microbiota composition than its relatives from the same origin as well as a singular bacterial composition.

| Environment microbiota composition

The analysis of the water bacterial community composition at the phylum level revealed the presence of Bacteroidetes, Proteobacteria,

and Actinobacteria in every environment (Figure 4), but respective abundance levels varied between sampling sites, particularly

for Actinobacteria which was less abundant in hatchery water. The bacterial taxonomic composition, characterized at the family level, however, showed diagnostic taxa for every single microbial niche:

environmental water (hatchery and both rivers) and fish gut microbiota composition (Figure 5). For water samples, the 20 most abundant OTUs from each site accounted for an average of 64% of the total bacterial composition. For hatchery water, Flavobacteriaceae (63.6%) was the main taxa composing the water bacterial community (i.e., bacterioplankton). In contrast, Malbaie and Rimouski rivers exhibited a more diversified bacterial community, dominated with Sporichthyaceae and Burkholderiaceae, composing, respectively, 13.6% and 44.3% of the Malbaie river bacterioplankton, and composing, respectively, 13.8% and 6.20% for Rimouski river bacterioplankton.

| Gut microbiota composition

At the phylum level, the gut microbiota composition revealed the presence of Proteobacteria, Firmicutes and Actinobacteria in each group (Figure 4). However, a much more heterogeneous composition was highlighted within groups when the bacterial composition was analyzed at the family level (Figure 5). For each parrs' population, the 20 most abundant OTUs in gut (Figure 5b,c,d,e), identified at the family level, accounted for 68.3% in MCP, 64.7% in RCP, 90.0% in MWP and 97.5% in RWP. Moreover, diversity index was higher for captive parrs when compared to wild parrs (Figure 1a). Taken together, these results show that dominant OTUs were less abundant in captive parrs than in their wild relatives (see relative abundance of the twenty most abundant OTUs in Appendix 1). In addition, it is possible to identify commensal bacteria that were either specific to the hatchery or to the water by observing the 20 most abundant OTUs. For hatchery-born parrs (Figure 5b,c 
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| D ISCUSS I ON

The purpose of this study was to assess the effect of both host population and rearing environment on gut microbiota taxonomic composition of Salmo salar parrs intended for river stocking.

Hatchery-reared parrs were generated with breeders issued from two wild populations (i.e., Rimouski and Malbaie rivers), whereas wild parrs were naturally born and grown in their respective rivers.

Overall, our results clearly demonstrate that environmental conditions (i.e., hatchery versus river) had the most prevalent effect on gut microbiota taxonomic composition. Substantial impacts on the fish's energetic and behavioral phenotypes resulting from hatcheryrearing conditions have been documented in numerous studies and are suspected of greatly reduce survival rates of stocked fishes [START_REF] Milot | Reduced fitness of Atlantic salmon released in the wild after one generation of captive breeding[END_REF][START_REF] Stringwell | Maladaptation and phenotypic mismatch in hatchery-reared Atlantic salmon Salmo salar released in the wild[END_REF]. It has also been demonstrated that reared fish show a different methylation pattern than that of their wild relatives (Le [START_REF] Luyer | Parallel epigenetic modifications induced by hatchery rearing in a Pacific salmon[END_REF]. As energetic and behavioral phenotypes are controlled by gut microbiota activity [START_REF] Tremaroli | Functional interactions between the gut microbiota and host metabolism[END_REF] and the latter is suspected to impact epigenetic patterns [START_REF] Bhat | Dietary metabolites derived from gut microbiota : Critical modulators of epigenetic changes in mammals[END_REF][START_REF] Cortese | Epigenomemicrobiome crosstalk: A potential new paradigm influencing neonatal susceptibility to disease[END_REF][START_REF] Indrio | Epigenetic matters: The link between early nutrition, microbiome, and long-term health development[END_REF][START_REF] Rossi | Folate production by probiotic bacteria[END_REF], our study is of prime interest as it is the first to demonstrate the extensive impact of captive rearing on gut microbiota composition in Atlantic salmon parrs meant for stocking. By identifying significant differences in terms of both structure and taxonomic composition between captive parrs and their wild relatives, the present work evidenced that acclimation to artificial rearing is also observable at the host-microbiota level. This result is striking enough as it is now well established that salmonids' microbiota composition is regulated by host genotype [START_REF] Boutin | Inter individual variations of the fish skin microbiota: Host genetics basis of mutualism?[END_REF], population genotype [START_REF] Dionne | Clinal variation in mhc diversity with temperature: Evidence for the role of host-pathogen interaction on local adaptation in Atlantic salmon[END_REF], life cycle stage [START_REF] Llewellyn | The biogeography of the atlantic salmon (Salmo salar) gut microbiome[END_REF][START_REF] Stephens | The composition of the zebrafish intestinal microbial community varies across development[END_REF][START_REF] Yan | Environmental filtering decreases with fish development for the assembly of gut microbiota[END_REF], and environment [START_REF] Llewellyn | The biogeography of the atlantic salmon (Salmo salar) gut microbiome[END_REF]. Importantly, our results suggest that acclimation to artificial rearing overpasses host genotype effect on modeling microbiota composition at both individual and population level.

Environment is an important driver for gut microbiota structuration and composition: Compared to wild parrs, hatchery-reared parrs exhibited a higher bacterial diversity (Figure 1), combined with lower disparity (i.e., most of OTU sharing similar relative abundance), both of which are characteristic of an immature microbial community with low structuration [START_REF] Burns | Contribution of neutral processes to the assembly of gut microbial communities in the zebrafish over host development[END_REF][START_REF] Llewellyn | The biogeography of the atlantic salmon (Salmo salar) gut microbiome[END_REF][START_REF] Sylvain | Vertically and horizontally transmitted microbial symbionts shape the gut microbiota ontogenesis of a skin-mucus feeding discus fish progeny[END_REF] 
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different to those encountered in the natural environment [START_REF] Mcphee | Morphological change in wild and captive oldfield mice peromyscus polionotus subgriseus[END_REF]. As such, the low structuration of hatchery-reared parrs' microbiota likely results from relaxed selective pressure [START_REF] Derome | Parallelism in gene transcription among sympatric lake whitefish (coregonus clupeaformis mitchill) ecotypes[END_REF][START_REF] Fisher | The genetical theory of natural selection[END_REF], which would translate into a random recruitment of pioneering bacterial symbionts.

The hatchery diet itself would explain such results: Commercial pellets are enriched with nutrients from various origins, including substantial amount of vegetable proteins (e.g., soya) [START_REF] Feng | Microbiota of yellow grouper (Epinephelus awoora Temminck & Schlegel, 1842) fed two different diets[END_REF][START_REF] Tanaka | Biodiversity and in situ abundance of gut microflora of abalone (Haliotis discus hannai) determined by culture-independent techniques[END_REF]. Enriched food with vegetable proteins and carbohydrates was observed to significantly impact gut microbiota composition in fishes by increasing diversity and richness and more specifically by inducing a significant increase Firmicutes symbionts, including lactic acid bacteria (LAB), mostly belonging to Lactobacillaceae, Enterococcaceae, and Streptococcaceae [START_REF] Desai | Effects of plant-based diets on the distal gut microbiome of rainbow trout (Oncorhynchus mykiss)[END_REF][START_REF] Gajardo | A high-resolution map of the gut microbiota in Atlantic salmon (Salmo salar): A basis for comparative gut microbial research[END_REF]. In our study, commercial diet impact translated into the systematic overdominance of the Lactobacillaceae family in every captive parrs' gut microbiota, whereas this family was absent from the top 20 OTUs composing the wild parrs' gut microbiota.

Consistently, gut bacteria belonging in the Lactobacillaceae family have only been identified in very small amount, if not totally absent, in salmonids coming from the natural environment [START_REF] Gajardo | A high-resolution map of the gut microbiota in Atlantic salmon (Salmo salar): A basis for comparative gut microbial research[END_REF][START_REF] Llewellyn | The biogeography of the atlantic salmon (Salmo salar) gut microbiome[END_REF]. Moreover, plant meal diet (PMD) has been related to the increase in intestinal inflammation and sensibility to various diseases [START_REF] Krogdahl | Feeding Atlantic salmon Salmo salar L. soybean products: Effects on disease resistance (furunculosis), and lysozyme and IgM levels in the intestinal mucosa[END_REF] as well as decreasing nutrient digestion and Water Mucus

F I G U R E
absorption [START_REF] Nordrum | Effects of soybean meal and salinity on intestinal transport of nutrients in Atlantic salmon (Salmo salar L.) and rainbow trout (Oncorhynchus mykiss)[END_REF]. Taken together, our results suggest that captive parrs' microbiota composition would therefore be qualified as "generalist" when compared to the highly structured and, thus more specialized, wild parrs' gut microbiota. This more specialized gut microbiota in wild parrs can be attributed to the higher selective pressures occurring in wild rivers, including a more restricted diet, which is mostly composed of insects' larvae, crustacean, and annelids [START_REF] Bell | Fatty acid composition of 10 freshwater invertebrates which are natural food organisms of Atlantic salmon parr (Salmo salar): A comparison with commercial diets[END_REF]. Consequently, the most important environmental factor for the recruitment of intestinal symbionts in teleosts could be associated with diet. This factor could explain most of the heterogeneity of the gut microbiota, the latter being greatly related by its capacity to assimilate nutrients [START_REF] Tremaroli | Functional interactions between the gut microbiota and host metabolism[END_REF]. Therefore, controlling gut microbial symbionts in hatchery could be of prime interest to secure the recruitment of key adaptive microbiota functions of wild parrs.

Regarding both wild-born parrs' populations, gut microbiota composition significantly differed accordingly to their population origin, thus confirming our previous work on wild populations, stating that gut microbiota composition at early life stages is mostly driven by geography (study site) [START_REF] Llewellyn | The biogeography of the atlantic salmon (Salmo salar) gut microbiome[END_REF]. Furthermore, network analysis, PCoA, and PERMANOVA evidenced a great contribution of the environment. It is interesting that MWP group showed fewer correlations within samples when compared to RWP, thus indicating more intragroup variations of the gut microbiota composition in MWP population. This result is confirmed by the analysis of the multivariate homogeneity of dispersion (Figure 3). Given that recruitment of specific bacterial symbionts is associated with host-specific genes in salmonids [START_REF] Boutin | Inter individual variations of the fish skin microbiota: Host genetics basis of mutualism?[END_REF], it would be straightforward to investigate further the genetic structure of the Malbaie river Salmo salar population in order to assess whether this population is genetically introgressed with allopatric breeders (i.e., issued from other river populations).

F I G U R E
Hatchery-raised parrs issued from both river populations share a similar richness index and are strongly correlated by their composition itself, as shown with both network analysis and PCoA based on weighted and unweighted UniFrac (Figure 2), which clusters both captive parrs populations in a single, isolated, group. Consistently, PERMANOVA on unweighted UniFrac distances showed the weakest, but significant, differentiation between captive parrs from both genetic origins (i.e., Malbaie versus Rimouski), and no differentiation was found when performing the analysis on weighted UniFrac (Table 1). Therefore, even though samples cluster mostly by environment, thus suggesting this factor overpasses genetic origin in controlling gut microbiota composition, it also suggests that genetic origin is still exerting a minimal control bacteria recruitment. At last, sanitary management in hatcheries, due to high density, impairs microbial environment and gut microbiota [START_REF] Carlson | Microbiome disruption and recovery in the fish Gambusia affinis following exposure to broad-spectrum antibiotic[END_REF][START_REF] Nakayama | Water metagenomic analysis reveals low bacterial diversity and the presence of antimicrobial residues and resistance genes in a river containing wastewater from backyard aquacultures in the Mekong Delta, Vietnam[END_REF], thus amplifying microbiota divergence between hatchery-and wild-born parrs.

In addition to the phenotypic mismatch between captive and wild salmonids from the same genetic population [START_REF] Araki | Fitness of hatchery-reared salmonids in the wild[END_REF][START_REF] Milot | Reduced fitness of Atlantic salmon released in the wild after one generation of captive breeding[END_REF][START_REF] Poole | An ecophysiological comparison of wild and hatcheryraised Atlantic salmon (Salmo salar L.) smolts from the Burrishoole system, western Ireland[END_REF][START_REF] Stringwell | Maladaptation and phenotypic mismatch in hatchery-reared Atlantic salmon Salmo salar released in the wild[END_REF], hatchery-raised parrs are also facing an important microbiota mismatch regarding key microbial symbionts recruited by their wild relatives. Overall, it came out that extensive differences observed between hatchery and river environmental microbiota composition suggest that stocked parrs are exposed to a totally different microbial environment when released into the target river. Knowing that their gut microbiota composition differs from that of wild parrs, exposure to a very different environmental microbial community could lead to an impairment of colonization resistance to wild opportunistic pathogens, thus potentially favoring disease. The sudden transfer from hatchery water to river environment exerts a considerable stress, which is expected to trigger a transient dysbiosis (i.e., altered microbiota activity) giving further opportunities for pathogens to infect fish tissues [START_REF] Bonga | The stress response in fish[END_REF][START_REF] Boutin | Network analysis highlights complex interactions between pathogen, host and commensal microbiota[END_REF][START_REF] Seghouani | Walleye autochthonous bacteria as promising probiotic candidates against flavobacterium columnare[END_REF]. At last, overdominance of Lactobacillaceae in captive parrs is expected to generate a reduced capacity to assimilate nutrients from wild preys. Whether hatchery "imprinting" on microbiome is transient or permanent in stocked fishes after release into the targeted river is yet to be investigated.

Even though two previous studies on rainbow trout observed that the first diet type had no effect on the microbiota composition after a diet shift [START_REF] Ingerslev | The development of the gut microbiota in rainbow trout (Oncorhynchus mykiss) is affected by first feeding and diet type[END_REF][START_REF] Michl | The malleable gut micro biome of juvenile rainbow trout (Oncorhynchus mykiss): Diet-dependent shifts of bacterial community structures[END_REF], several studies have also highlighted the long-term effects of the microbiome associated with early life stage cycle diet on the host physiology in human [START_REF] Indrio | Epigenetic matters: The link between early nutrition, microbiome, and long-term health development[END_REF][START_REF] Mischke | More than just a gut instinct-the potential interplay between a baby's nutrition, its gut microbiome, and the epigenome[END_REF] and rainbow trout [START_REF] Ingerslev | The development of the gut microbiota in rainbow trout (Oncorhynchus mykiss) is affected by first feeding and diet type[END_REF]. Furthermore, [START_REF] Rhossart | Wild mouse gut microbiota promotes host-fitness and improves disease resistance[END_REF] demonstrated that host fitness-promoting traits regarding naturally occurring diseases were associated with the "natural microbiome" of wild mice. Indeed, domestic microbiota was associated with greater inflammation and lower resistance to pathogens relatively to wild individual microbiota. Those results are in concordance with other studies reporting that reared fishes fed with a PMD have shown higher level of gut inflammation [START_REF] Krogdahl | Feeding Atlantic salmon Salmo salar L. soybean products: Effects on disease resistance (furunculosis), and lysozyme and IgM levels in the intestinal mucosa[END_REF][START_REF] Nordrum | Effects of soybean meal and salinity on intestinal transport of nutrients in Atlantic salmon (Salmo salar L.) and rainbow trout (Oncorhynchus mykiss)[END_REF], which is now recognized as an important driver of many diseases [START_REF] Rajani | Disruptions in gut microbial-host cometabolism and the development of metabolic disorders[END_REF]. Because the microbiota composition is proven to be actively involved in several metabolism pathways [START_REF] Tremaroli | Functional interactions between the gut microbiota and host metabolism[END_REF] and immune responses [START_REF] Rhossart | Wild mouse gut microbiota promotes host-fitness and improves disease resistance[END_REF], investigating the relationship between the host energetic phenotype and the microbiome functional repertoire of captive and wild parrs is crucial to assess to what extent the gut microbiota taxonomic mismatch is actually associated to the loss of microbial functions. Evidence of "metabolic imprinting" [START_REF] Hanley | Metabolic imprinting, programming and epigenetics-a review of present priorities and future opportunities[END_REF] related to the microbiota composition at early life stage in hatchery could be suspected to contribute to the mitigated impact of supportive breeding programs, in addition to the potential dysbiosis that may occur during stocking. Therefore, further studies are strongly needed to test whether the taxonomic (and functional) microbial mismatch between hatchery-raised and wild-born salmons could underlie the lower survival of stocked fishes once released into the wild.

Altogether, these results strongly suggest that the extensive discrepancy between hatchery-raised and wild parrs' gut microbiota potentially translates into a phenotypic disadvantage for the former, at least regarding disease resistance and food energetic conversion.

Indeed, the two most important symbionts of the wild parrs' gut microbiota such as Enterobacteriaceae (MWP, RWP) and Clostridiaceae (MWP only) are at very low levels in most captive parrs (Figure 5) as well as the top 5 OTUs from wild parrs (Figure 6). Therefore, stocked parrs could have developed different metabolic functions from their wild relatives, regardless of their common genetic origin, which could considerably reduce their fitness in natural conditions. It is interesting that in MWP group, one individual (MWP18) harbored a very distinct microbiota composition. Knowing that Malbaie river is subject to stocking, it becomes even more relevant to identify its origin. However, stocked fish from this river are identified by a clipped caudal fin, but MWP18's fin was not mentioned to harbor such a characteristic. Nevertheless, further investigations are needed to test whether such generalist microbiome from captive parrs provides or not key functions ensuring optimal host physiology in the wild.

| CON CLUS ION

Given that parrs' gut microbiota composition is strongly related to the rearing environment, differences in terms of structure and composition between wild and hatchery-born parrs give valuable information toward improving management of reared fish intended for stocking. Consequently, it becomes even more crucial to investigate the link between environmental and gut microbial communities' taxonomic composition to get new insights on factors driving differences between captive and wild parrs' microbiota and therefore their adaptive ability in a given environment. In light of our results, we support the recommendations stated by [START_REF] Milot | Reduced fitness of Atlantic salmon released in the wild after one generation of captive breeding[END_REF] to adopt more natural rearing condition and to release juveniles at a younger stage, before the first feeding occurs. As it may be difficult to exactly mimic the natural conditions in hatchery, the implementation of bacterial ecology in supplementation programs could be one possible avenue to investigate looking forward. Unless the hatchery is connected to the targeted river, one avenue would be to provide beneficial bacteria detected in wild populations to hatchery-reared juveniles through the administration of probiotics. Therefore, further studies are needed to assess how to control the microbiota composition in hatchery and to characterize natural microbiome for each population subjected to supportive breeding programs. To conclude, we strongly believe that implementing host-microbiota evolutionary process and microbial ecology into conservation policies would improve the efficiency of stocking programs for Salmo salar, but also for every teleost species suffering a demographic decline. 
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  2013. During incubation, water temperature was set according to the "modified natural thermal regime" to mimic the natural growth rate of wild salmon juveniles. During their growth, reared juveniles were fed with NutraST (Skretting). Captive parrs from both groups were sampled by August 8, 2013, right before stocking. Wild parrs were collected by electrofishing during the summer of 2013 in the Rimouski River (August 19; 48°21′84.1″N, -68°53′77.79″W) and in the Malbaie River (August 25; 47°77′98.8″N, 70°37′38.2″W). A total of 27 parrs were sampled: five wild parrs from the Rimouski river, six wild parrs from the Malbaie river, eight captive parrs from the Rimouski population, and eight captive parrs from the Malbaie population. Parrs were euthanized with MS-222 and aseptically dissected to remove mid-and distal intestinal content. To determine environmental bacterial community composition, two liters of water from each study site were sampled 1 meter below the surface in sterilized Nalgene bottles. Water was then filtered, using a 3.0μm nitrocellulose membrane to exclude both organic matter and eukaryotic cells, and a 0.22μm sterile membrane to collect bacteria with peristaltic filtration equipment (Cole Parmer, ThermoFisher Scientific). Materials for filtration such as tubes and filter holders were cleaned with 5% HCl and rinsed with Milli-Q and sample water before each filtration. Total gut DNA extraction was undertaken using "QIAmp DNA Stool Kit" (Qiagen). For water samples DNA extraction, "DNeasy Blood & Tissue Kit" (Qiagen) was used on the 0.22μm nitrocellulose membrane (i.e., containing bacterial cells). Extractions were made according to each kit instruction manual. A first PCR amplification (PCR1) was performed on beforehand diluted 1:10 DNA samples in sterile water samples. A portion of a universal microbial marker, 16S SSU rRNA gene, was amplified using the 803r-Brian (5′-GTG ACT GGA GTT CAG ACG TGT GCT CTT CCG ATC TCT ACC RGG GTA TCT AAT CC-3′) and 347f-Brian (5′-ACA CTC TTT CCC TAC ACG ACG CTC TTC CGA TCT GGA GGC AGC AGT RRG GAA T-3′)

  respective values are provided in supporting information(Supporting Information Figures S1, S2, S3 and Table 

  Principal coordinate analysis (PCoA) based on unweighted (a) and weighted (b) UniFrac distances of samples, showing the clustering of samples by their environmental origin. Each dot represents one sample

  ), Lactobacillaceae is the main taxa found in every captive sample at high levels, with a mean abundance of 40.7% for MCP and 36.4% for RCP. For RCP group, Sphingomonadaceae (6.12%), Moraxellaceae (7.38%), and Holosporaceae (4.94%) were identified as the three major taxa after

	TA B L E 1 PERMANOVA results of the weighted UnifFrac
	distances, comparing microbiota composition of each parrs' group,
	showing significant differences between most groups
	Weighted UniFrac		
			MCP	RCP	MWP
	RCP	0.116***		
	MWP	0.003**			Lactobacillaceae. Both RCP and MCP showed one (RCP) or three
	RWP		0.002**	0.021*	(MCP) samples containing Enterobacteriaceae in their microbiota, with a respective mean abundance of 2.28% and 13.1%. MCP group,
	Notes. MCP: Malbaie captive parrs; MWP: Malbaie wild parrs; RCP: Rimouski captive parrs; RWP: Rimouski wild parrs. Signif. Codes: 0 "***" 1 "**" 0.01 "*" 0.05.	in addition to Lactobacillaceae and Enterobacteriaceae, was character-ized by the presence of Planococcaceae (3.85%), Pseudomonadaceae
						(3.47%), and Bacillaceae (1.10%). RWP parrs composed by far the
	TA B L E 2 PERMANOVA results of the unweighted UnifFrac distances, comparing microbiota composition of each parrs' group,	most homogenous and structured group, showing a gut microbi-ome overdominated by Enterobacteriaceae (80.2%), followed by
	showing significant differences between most group	Planococcaceae (13.0%) and Bacillaceae (2.33%). MWP parrs com-
						posed a more heterogenous and less structured group. It was pos-
	Unweighted UniFrac			sible to identify dominant symbionts such as Enterobacteriaceae
			MCP	RCP	MWP	(35.2%) in all individuals, except for MWP19 and Clostridiaceae
	RCP	0.001***			(37.0%) in most of the individuals (see Appendix 2 for the taxa rela-
	MWP	0.001***			tive abundances for each sample). Strikingly, sample MWP18 ex-
	RWP		0.005**	0.004**	hibited a very distinct profile characterized by higher microbiota
	mostly belong to the Lactobacillaceae, Holosporaceae, Moraxellaceae,
	Enterobacteriaceae Sphingomonadaceae, Planoccocaceae	and
						which represent, respectively, 17.0% and 12.0% for MCP and
						16.2% and 10.5% for RCP. The top five OTUs for captive parrs
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	Distance to centroid	0.2 0 .3 0.4				F I G U R E 3 Interindividual variance of the gut microbiota composition is exhibited for each parrs' group. The
						boxplot represents the distance to
						the centroid of the weighted UniFrac
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						of dispersion (variances) of samples. The
		0.0				letters represent the ANOVA results of the distance to the centroid for each
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diversity, including Peptostreptococcaceae, Enterococcaceae and Enterobacteriaceae, Bacillaceae, MNG7, and Bacillaceae. At last, the two dominant taxa that were shared between captive and wild parrs for both populations belong to Bacillaceae and Enterobacteriaceae. Then, Streptococcaceae, Peptostreptococcaceae, Enterobacteriaceae were found in captive and wild parrs from Malbaie population, and both Planococcaceae and Bacillaceae were shared by captive and wild parrs from Rimouski (Figure 5). The five most important OTUs, shown in Figure 6 at the genus level, are compared between each parrs' group with their respective relative abundance. Two OTUs are shared between MCP and RCP: Pediococcus and Lactobacillus, Notes. MCP: Malbaie captive parrs; MWP: Malbaie wild parrs; RCP: Rimouski captive parrs; RWP: Rimouski wild parrs. Signif. Codes: 0 "***" 0.001 "**" 0.01. Pseudomonadaceae families, as those from wild parrs are mostly members of Enterobacteriaceae, Clostridiaceae 1, Enterococcaceae and Planococcaceae family but none of the top 5 OTUs were shared between MWP and RWP.

APPENDIX 1 Relative mean abundance (%) of the 20 most abundant OTUs grouped at the family level of the microbiota composition for every group of parrs

  Note. MCP: Malbaie captive parrs; MWP: Malbaie wild parrs; RCP: Rimouski captive parrs; RWP: Rimouski wild parrs.

		Family	Mean (%)		Family	Mean (%)
	RCP	Bacillaceae	0.706	RWP	Bacillaceae	2.33
		Enterobacteriaceae	2.28		Caulobacteraceae	1.05
		Holosporaceae	4.94		Enterobacteriaceae	80.2
		Lactobacillaceae	36.4		Microbacteriaceae	0.266
		Moraxellaceae	7.38		Planococcaceae	13.0
		Peptostreptococcaceae	2.23		Sphingomonadaceae	0.297
		Pseudomonadaceae	2.58		Sum	97.1
		Sphingomonadaceae	6.13	MWP	Bacillaceae	2.66
		Staphylococcaceae	0.982		Clostridiaceae 1	37.0
		Streptococcaceae	1.07		Enterobacteriaceae	35.2
		Sum	64.7		Enterococcaceae	1.89
	MCP	Bacillaceae	0.812		Flavobacteriaceae	0.611
		Enterobacteriaceae	9.71		Legionellaceae	1.18
		Lactobacillaceae	30.1		MNG7	0.726
		Paenibacillaceae	1.69		Moraxellaceae	0.984
		Peptostreptococcaceae	1.53		nrb16a11	0.428
		Planococcaceae	2.85		Peptostreptococcaceae	1.63
		Pseudomonadaceae	2.57		Streptococcaceae	0.954
		Staphylococcaceae	0.532		Sum	83.3
		Streptococcaceae	0.807			
		Sum	50.6			
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of the 20 most abundant OTUs from each group, represented at the family level for every samples

  Note. MCP: Malbaie captive parrs; MWP: Malbaie wild parrs; RCP: Rimouski captive parrs; RWP: Rimouski wild parrs.
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	MCP	MCP1	MCP2	MCP3	MCP4	MCP5	MCP7	MCP8	MCP9
	Enterobacteriaceae	0.27	0.06	0.01	25.39	0.05	0.00	0.01	0.03
	Bacillaceae	1.27	2.18	2.48	1.65	1.13	2.21	4.93	1.64
	MWP	MWP13	MWP18	MCP19	MWP5	MWP6	MWP8		
	Streptococcaceae	0.09	0.00	6.56	0.00	0.34	0.19		
	Peptostreptococcaceae	0.00	9.92	0.00	0.07	0.01	0.00		
	nbr16a11	0.00	0.00	0.00	0.00	3.84	0.00		
	Moraxellaceae	0.00	0.00	0.78	0.00	0.00	7.31		
	MNG7	0.00	4.86	0.00	0.04	0.01	0.00		
	Legionellaceae	0.00	0.76	0.00	7.37	1.70	0.00		
	Flavobacteriaceae	0.00	0.80	2.79	0.01	0.00	0.07		
	Enterococcaceae	0.00	15.94	0.00	0.00	0.00	0.00		
	Enterobacteriaceae	10.82	18.03	0.68	39.54	72.52	86.17		
	Clostridiaceae 1	86.46	0.66	80.31	52.19	14.82	0.08		
	Bacillaceae	0.14	12.09	0.00	0.17	5.62	2.26		
	RWP	RWP10	RWP15	RWP17	RWP6	RWP9			
	Sphingomonadaceae	0.00	0.70	1.03	0.00	0.00			
	Planococcaceae	21.66	8.32	6.91	23.38	7.72			
	MCP	MCP1	MCP2	MCP3	MCP4	MCP5	MCP7	MCP8	MCP9
	Streptococcaceae	2.43	2.69	1.95	2.79	1.75	1.26	0.68	1.87
	Staphylococcaceae	1.81	1.52	0.74	1.51	2.45	0.51	0.70	0.90
	Pseudomonadaceae	15.19	6.02	3.22	2.35	2.03	0.26	0.96	1.61
	Planococcaceae	1.56	0.35	0.13	0.19	0.24	17.60	16.61	3.86
	Peptostreptococcaceae	3.33	3.42	4.88	3.97	3.04	0.10	0.33	3.86
	Paenibacillaceae	0.31	0.23	0.03	0.42	0.00	0.22	15.58	3.12
	Lactobacillaceae	53.74	77.18	80.59	80.42	75.15	17.91	11.90	66.45
	Enterobacteriaceae	0.22	0.11	0.07	0.05	0.00	53.91	45.03	8.51
	Bacillaceae	10.6	1.90	1.56	1.72	0.93	2.87	2.45	1.15
	RCP	RCP1	RCP10	RCP2	RCP4	RCP5	RCP6	RCP7	RCP8
	Streptococcaceae	0.82	6.37	1.70	1.81	1.10	2.28	2.49	1.96
	Staphylococcaceae	1.66	0.72	1.19	0.61	0.91	2.26	3.72	1.14
	Sphingomonadaceae	2.81	2.73	25.61	0.69	1.67	2.58	14.39	7.29
	Pseudomonadaceae	0.04	3.94	0.00	0.01	1.61	2.05	12.43	3.04
	Peptostreptococcaceae	1.08	3.99	2.07	2.59	1.14	4.47	2.19	4.55
	Moraxellaceae	40.77	0.55	2.06	0.22	0.92	1.07	5.30	1.57
	Lactobacillaceae	45.07	71.28	41.47	50.04	37.11	72.67	28.45	70.22
	Holosporaceae	0.03	0.00	0.00	0.00	48.65	0.00	0.00	0.00
									(Continues)
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