APPENDIX S1: MATERIAL AND METHODS

Study area
The study area is located in the southern part of the Gulf of Mexico, along the coast of the Campeche State in Mexico (top left part in Fig. S1). The lagoon is very shallow with a depth of 2.8 ± 1 m (mean ± sd) and the salinity is 28.1 ± 6.5 psu. The water temperature is always above 20 °C and reaches 32°C in summer (Instituto Nacional de Ecologia, 1997)⁠.

The Terminos lagoon is a protected area due to its flora and fauna biodiversity. The region of Terminos lagoon hosts 374 vegetal species with notably important areas of seagrass beds and mangrove, along with more than 1400 aquatic and terrestrial animal species, including 30 species of endemic vertebrates and more than 120 fish species (Instituto Nacional de Ecologia, 1997; Vargas Maldonado et al., 1981; Day et al., 1987)⁠.

The Terminos lagoon is facing increasing anthropogenic pressure since the last three decades. Carmen Island is particularly affected by human impact with a population rising from 50 000 to 200 000 people since 1970’s with the development of petroleum industry. This ongoing urbanization is at the expense of wetlands, mangroves and seagrasses on the inner shores of the island. Moreover, discharge of sewage and industrial wastes into surrounding water causes organic and chemical pollution including polynuclear aromatic hydrocarbons (PAH; Norena-Barroso et al., 1999)⁠, pesticides and PCB (Carvalho et al., 2009a, 2009b)⁠ or heavy metals (Benitez et al., 2012)⁠.

Increase in above-mentioned human pressures affecting the environment quality and fishing activities have been considered as the main causes of a significant decrease in fish taxonomic diversity between 1980 and 1999 (Ramos Miranda et al. , 2005)⁠.
Sampling
The sampling was carried out in October 2011 in the Terminos lagoon. The three bacterial habitats considered in this study were fish guts, sediment and water column.

The sampling area was selected based on previous works on Terminos lagoon and corresponds to the zone 2 described in Villéger et al. (2010; Fig. S1). These authors used water environmental variables (depth, transparency and salinity) to discriminate four zones within the lagoon and reported significant changes for three studied parameters during the 1980-1999 period. For instance, in zone 2, water depth and transparency decreased while salinity increased. In addition, when considering biotic changes during the 1980-1999 period this study reported that the zone 2 was the more severely impacted. Indeed, although representing the highest biomass of fish both in 1980 and 1999 (60 and 40% of total biomass), the zone 2 exhibited the strongest decrease in biomass during the period. The authors also reported that fish communities were affected, with notably important dominance shifts leading to change in the functional structure of fish assemblages. As the focus of our study was the functional redundancy in bacterial communities and the insurance potential it provides, we performed the sampling in the part of the lagoon corresponding to zone 2, which is the most affected area considering both biotic and abiotic variables.
Figure S1: Map of the study area and sampling sites
The four zones from Villéger et al., 2010 are represented with doted lines. The sampling sites used in this study (A, B and C) are represented by black dots. Axes are graduated in Universal Transverse Mercator (UTM) coordinate system.
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Water and sediment were sampled in three different stations (A, B and C) located in the zone 2 described in Villéger et al. (2010; Fig. S1). Water (100 ml) and sediment (first ten centimeters recovered using a core drill) samples were immediately stored in ice before preservation in liquid nitrogen (within 5h after sampling). Fish were sampled during three transects (12 minutes at a constant speed of 2.5 knots, i.e. 4.63 km.h-1) performed from each of the sampling point (A, B and C in Fig. S1) in direction of the center of the sampling area using a shrimp-trawl (length: 5 m, mouth opening diameter: 2.5 m, mesh size: 19 mm; Villéger et al., 2010). We selected three fish individuals representing three different species, orders and trophic guilds: Synodus foetens (Siluriform, piscivorous), Ariopsis felis (Aulopiform, detritivorous) and Sphoeroides testudineus (Tetraodontiform, zoobenthivorous). According to the American Veterinary Medical Association guidelines for the euthanasia of animals (www.avma.org), physical disruption of brain activity is an « inexpensive humane and painless method if performed properly » that is expected to provide « less fear and anxiety » to the animal before its death.  This can be achieved by a blow to the skull, as done in our study. Fish were instantly killed, individually placed in plastic bags and immediately stored in ice before dissection (within 5h after sampling). The dissection and gut content recovering protocols were taken from Mouchet et al. (2012). Briefly, digestive tract was extracted and cut from below the stomach to the rectum and gut was squeezed to expel content. Prey items were removed and the intestinal mucus was suspended in 0.8 mL of sterile water complemented with 0.2 mL pyrophosphate (0.1 M) to extract bacteria from gut matrix. After vortexing and a break of 20 min, the supernatant was filtered on 0.2 µm polycarbonate filters (Whatman). Polycarbonate filters from fish gut and water samples along with sediment samples were frozen and stored at -80 °C until DNA extraction.
DNA extraction
DNA extraction from sediment (SBC), water (WBC) and fish gut bacterial communities (FGBC) was performed according to Mouchet et al. (2012). Briefly, total DNA was extracted with 500 µL of lysis buffer containing lysozyme (30 min at 37°C; 1mg mL-1), followed by incubation with proteinase K (100µg mL-1) and SDS (1%) for 18h at 55°C. The lysate was recovered from the filter, which was rinsed with 500 µL of TE buffer (10mM Tris-HCl, pH7.5, 1mM EDTA). The lysates were then precipitated in 0.6 vol. of isopropanol (1h at -20°C), centrifuged (20min - 13 000 rpm). The pellet of precipitated DNA was washed in 500µL of 70% ethanol before centrifugation (20min - 13 000 rpm). The pellet was then dried in a Speedvac for 10 min before dissolution in 100µL of molecular grade water. A last centrifugation step (10min – 10 000 rpm) was applied to pellet the remaining impurities. Supernatant was pipetted and stored at -20°C.

All DNA samples were then purified using DNA Clean & ConcentratorTM-5 kit following provider instructions (Zymo Research, Orange, CA). The quality of purified DNA was checked on agarose gel and its purity was assessed by measuring absorbance ratio 230/260 nm and 280/260 nm using a Nanodrop® spectrometer (Labtech).
GeoChip for the characterization of bacterial communities functional potential
This approach was chosen in the present study as it is: 

(i) standardized and reproducible (Tu et al., 2014)⁠, which are key features in narrowly defined, hypothesis-driven, quantitative, and comparative studies (Zhou et al., 2015)⁠ ;

(ii) less subject to random sampling artifact, that can lead to β-diversity overestimation, compared to sequencing-based approaches  (Zhou et al., 2013, 2015)⁠ ;

(iii) quantitative and sensitive to rare community members (Tu et al., 2014)⁠, which is mandatory in our case to test hypothesis related to rare variants ;

(iv) designed with several functional genes corresponding to heavy metal resistance, contaminant degradation and ecosystem functioning (C, N, P, S cycles) which is in line with the questions addressed here ;

(v) less subject to host-DNA contamination compared to sequencing-based approaches (Kuczynski et al., 2012; Gevers et al., 2012)⁠.
Functional diversity analysis of bacterial communities
The determination of the functional potential of communities was performed at the IEG (Institute for Environmental Genomics, OK, USA) and using GeoChip 4 (Tu et al., 2014)⁠. Total community DNA was quantified using picogreen and 50 ng were subjected to whole community genome amplification using TempliPhi kit (GE Healthcare, Piscataway, NJ) as described elsewhere (Wu et al., 2006)⁠. The enzyme was inactivated by incubating the reaction at 65°C for 10 min and then tubes were cooled at 4°C. Amplified DNA was quantified using picogreen and, for each sample, 800 ng were labeled with Cy-5 (GE Healthcare). Labeled DNA was purified using a QIAquick purification kit (Qiagen), dried in a Speedvac at 45°C for 45 min and stored at -20°C before hybridization. The pellet was re-hydrated in 2.68 µl of tracking control completed with 7.12 µl of hybridization solution (Formamide, SSC, SDS, oligo Cy-3, oligo Cy-5 and universal standard). Labeled DNA was incubated at 95°C for 5 minutes before loading onto the array. The hybridization solution, GeoChip 4.0 slides, and tips were kept at 42°C before use. Hybridization was done at 42°C in the presence of 40% formamide for 16 hours. After washing and drying, the array was scanned and images were gridded and quantified with software package ImaGene 6.0 (Biodiscovery Inc., El Segundo, CA, USA). Noise data were removed according to He et al. (2007)⁠ using a hybridization signal cutoff of 1500 intensity unit and a signal to noise ratio > 2 (Wu et al., 2006). Data were normalized using the mean-ratio approach as described elsewhere (He et al., 2007)⁠.
GeoChip 4 data
The functional gene array used in this study, i.e. GeoChip 4 (Tu et al., 2014), is composed of 67 268 probes (i.e. protein-coding genes here called “gene variants”), corresponding to 420 functional genes distributed  into 12 functional categories: Antibiotic resistance, Bioleaching, Carbon cycling, Energy process, Metal resistance, Nitrogen, Organic remediation, Other, Phosphorus, Stress, Sulphur and Virulence (see appendix S3 for further details). During the array design, probe design was optimized using k-mer-based continuous stretch filtering approach to reduced  cross-hybridization (Tu et al. 2013).
To determine the levels of FD and FR we applied a gene-centered approach using two units with different resolution levels: functional genes and gene variants. A functional gene is defined as a gene coding for a given function or chemical reaction and their richness is considered as a measure of FD. For a given gene, multiple probes are spotted on the array and they correspond to different nucleotide sequences (i.e. gene variants) of the sequence that have been found in different microorganisms (Bai et al., 2013; Tu et al., 2013; Yang et al., 2014)⁠. Consequently, the presence of different gene variants (or probes) for the same gene in two different communities suggests that different organisms harboring variants of the same gene are present in the two communities. Two datasets were used for the analyses. The “gene variants” dataset contained all probes detected in each sample while in the “functional genes” dataset, the information was reduced at the gene level and a gene was reported as present when at least one of the probes corresponding to this gene was detected. As the GeoChip 4 provided quantitative data we used the hybridization intensity for each probe as a measure of its abundance within the community and the average intensity of all detected probes for each functional gene.
Functional richness
The functional richness was estimated for each sample as the number of functional genes or genes variants. Differences between ecosystem habitats (fish gut, sediment and water) were tested using Kruskal-Wallis rank sum test as implemented in the statistical software R (R Development Core Team, 2011)⁠. These tests were performed for the whole communities and separately for each gene category.

Functional composition
The differences in the functional composition of communities were tested using non-parametric permutation-based multivariate analysis of variance (i.e. PERMANOVA ; Anderson, 2001)⁠⁠. These analyses were performed for both the functional genes and the gene variants datasets, using either presence-absence (Jaccard dissimilarity) or relative abundances (Bray-Curtis dissimilarity) data. These tests were performed for the whole communities and separately for each gene category.

Multi scales hierarchical diversity partitioning
To determine the level of functional redundancy within the ecosystem, we employed a hierarchical sampling design. This allowed us to apply additive partitioning framework (Escalas et al., 2013)⁠ to separate total functional diversity (ɣEcosystem) into the distinct contribution of each of several spatial scales (for an example see Belmaker et al., 2008)⁠. In this additive framework, the three levels of biodiversity defined by Whittaker (1972)⁠ (i.e. α, β and ɣ) are expressed with the same unit and consequently the contribution of α and β diversity to total diversity (ɣ) can be directly compared (Lande, 1996; Veech et al., 2002)⁠. Moreover, in a nested sampling design, samples at one scale are themselves composed of samples at a smaller scale and diversity partitioning can occur at each scale in the sampling hierarchy (Belmaker et al., 2008)⁠. Consequently, total diversity (ɣEcosystem) can be partitioned into the diversity contributed by each spatial scale, making possible the hierarchical analysis of diversity across multiple spatial scales (Lande, 1996; Veech et al., 2002). The first spatial scale we considered corresponds to the ecosystem level, for which we partitioned the total functional diversity within the ecosystem (ɣEcosystem) into the average diversity within ecosystem habitats (ᾱEcosystemHabitats) and the inter-habitats diversity (βInterHabitats), calculated as total diversity minus average habitats diversity (ɣEcosystem - ᾱEcosystemHabitats = βInterHabitats). The second spatial scale corresponds to each ecosystem habitat considered separately. Here, we estimated the total diversity within each habitat (ɣHabitat), which is the same as the diversity estimated when considering each habitat as a local community of the ecosystem level (αEcosystemHabitat). Consequently ɣHabitat = αEcosystemHabitat. Then we partitioned the total diversity within each habitat and estimated the average intra-habitat differences (βIntraHabitats) and average local communities diversity (ᾱLocalCommunities). Finally, we can express the total biodiversity within the ecosystem as the sum of inter-habitats differences, the average intra-habitat differences and average local communities diversity with: ɣEcosystem = βInterHabitats + βIntraHabitats + ᾱLocalCommunities. The schematic representation of the approach is presented in Fig. S2 and its mathematical description in Equation S1. The additivity of these estimates also allow us to express them as a percentage of the total diversity within the ecosystem (Escalas et al., 2013).
Figure S2: Schematic representation of hierarchical additive diversity partitioning at different scales.
The ecosystem limits are depicted by the outer double line. The habitats limits are depicted by inner solid lines. Local communities limits are depicted by dashed lines. Diversity estimates at the ecosystem scale are highlighted in orange and diversity estimates at the habitat scale are highlighted in blue.
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Equation S1: Mathematical description of hierarchical additive diversity partitioning at different scales.
Here the total ecosystem diversity (ɣEcosystem) is partitioned into diversity of the local communities (ᾱLocalCommunities), differences between local communities within each habitat (βIntraHabitats) and differences between habitats (βInterHabitats).
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