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Introduction

Since the industrial revolution, the atmospheric greenhouse gases concentration has increased sharply leading to a decrease in the pH of the surface ocean of about 0.1 pH unit (IPCC, 2014). In the coming decades, the ocean acidification will continue, associated with an ocean water warming caused by increasing levels of CO2 in the atmosphere [START_REF] Hutchins | Microorganisms and ocean global change[END_REF]IPCC, 2014). These climatic perturbations will alter the carbon and nutrients cycles on a global scale [START_REF] Hutchins | Microorganisms and ocean global change[END_REF] and are expected to have a direct impact on all physical, chemical and biological parameters that govern marine organisms life [START_REF] Hutchins | Microorganisms and ocean global change[END_REF]. Organisms will be faced with unprecedented changes in future ocean conditions, particularly marine life will be severely affected. On France's Atlantic coasts, the Intergovernmental Panel on Climate Change (IPCC) predicts an increase in surface water temperature of 3 to 4 °C and ocean acidification of 0.4 to 0.45 pH units in its most pessimistic scenario (RCP 8.5) by the end of the century (IPCC, 2014).

Research on microorganisms facing climatic changes is scarce compared to that on animals and plants [START_REF] Cavicchioli | Scientists' warning to humanity: microorganisms and climate change[END_REF][START_REF] Dutta | The microbial aspect of climate change[END_REF][START_REF] Reinold | The Vulnerability of Microbial Ecosystems in A Changing Climate: Potential Impact in Shark Bay[END_REF]. Microbial mats play important key-roles in marine ecosystems, such as participating in the dynamics of carbon, nitrogen et oxygen cycles. They develop at the water-sediment interface in a large variety of environments including coastal beaches [START_REF] Bolhuis | Analysis of bacterial and archaeal diversity in coastal microbial mats using massive parallel 16S rRNA gene tag sequencing[END_REF], salterns [START_REF] Fourçans | Characterization of functional bacterial groups in a hypersaline microbial mat community (Salins-de-Giraud, Camargue, France)[END_REF], hot springs [START_REF] Dobretsov | Cyanobacterial mats from hot springs produce antimicrobial compounds and quorum-sensing inhibitors under natural conditions[END_REF] and many other coastal/marine environments. These are complex microbial structures containing a great diversity of microorganisms coexisting at microscale according to a vertical stratification due to light and microgradients of oxygen, pH and sulphurs [START_REF] Fourçans | Molecular Analysis of the Spatiotemporal Distribution of Sulfate-reducing Bacteria (SRB) in Camargue (France) Hypersaline Microbial Mat[END_REF][START_REF] Jorgensen | Photosynthesis and structure of benthic microbial mats: Microelectrode and SEM studies of four cyanobacterial communities1[END_REF][START_REF] Revsbech | Microelectrode studies of the photosynthesis and O2, H2S, and pH profiles of a microbial mat1[END_REF][START_REF] Van Gemerden | Effects of cadmium on the activities of photosystems of Chlorella pyrenoidosa and the protective role of cyclic electron flow[END_REF]. Despite the stratification, microbial mats are dynamic structures where the migration of microorganisms has been described according to the diel cycle [START_REF] Fourçans | Molecular Analysis of the Spatiotemporal Distribution of Sulfate-reducing Bacteria (SRB) in Camargue (France) Hypersaline Microbial Mat[END_REF][START_REF] Fourçans | Vertical migration of phototrophic bacterial populations in a hypersaline microbial mat from Salins-de-Giraud (Camargue, France)[END_REF]. Numerous interactions occurs in microbial mats representing thus an ecosystem on its own [START_REF] Reinold | The Vulnerability of Microbial Ecosystems in A Changing Climate: Potential Impact in Shark Bay[END_REF]. Microbial mats have a remarkable specific, metabolic and molecular diversity, making them highly adaptable to the changing physico-chemical conditions of the environment [START_REF] Fourçans | Vertical migration of phototrophic bacterial populations in a hypersaline microbial mat from Salins-de-Giraud (Camargue, France)[END_REF] as well as to contamination [START_REF] Bordenave | Diversity of ring-hydroxylating dioxygenases in pristine and oil contaminated microbial mats at genomic and transcriptomic levels[END_REF](Bordenave et al., , 2004a(Bordenave et al., , 2004b)). microorganisms are fundamental organisms in the functioning of microbial mats because they are primary producers.

Autotrophic microorganisms are fundamental organisms in the functioning of microbial mats because they are the major primary producers. They can be chemotroph such as some Bacteroidetes but the major primary producers in photosynthetic microbial mats are the phototrophic microorganisms [START_REF] Sørensen | Community Composition of a Hypersaline Endoevaporitic Microbial Mat[END_REF]. Among them, Cyanobacteria produce organic carbon which is then decomposed in the successive lower layers by different heterotrophs. They also secrete adhesive and protective extracellular polymeric substances (EPS), that form a matrix around the cells (Decho, 1990;[START_REF] Fourçans | Vertical migration of phototrophic bacterial populations in a hypersaline microbial mat from Salins-de-Giraud (Camargue, France)[END_REF][START_REF] Hubas | Biofilms, tapis et agrégats microbiens : vers une vision unificatrice (HDR (Habilitation à Diriger les Recherches))[END_REF][START_REF] Wieland | Microbial Mats on the Orkney Islands Revisited: Microenvironment and Microbial Community Composition[END_REF]. This matrix is generally composed of sugars, proteins, extracellular DNA and other molecules in smaller proportions [START_REF] Fourçans | Vertical migration of phototrophic bacterial populations in a hypersaline microbial mat from Salins-de-Giraud (Camargue, France)[END_REF][START_REF] Hubas | Biofilms, tapis et agrégats microbiens : vers une vision unificatrice (HDR (Habilitation à Diriger les Recherches))[END_REF][START_REF] Wieland | Microbial Mats on the Orkney Islands Revisited: Microenvironment and Microbial Community Composition[END_REF]. However, the composition varies depending on the physiological state of the organisms, the specific diversity, the growth stage of the mat and the physico-chemical conditions of the environment [START_REF] Decho | Bacterial exopolymer utilization by a harpacticoid copepod: A methodology and results[END_REF][START_REF] Hubas | Biofilms, tapis et agrégats microbiens : vers une vision unificatrice (HDR (Habilitation à Diriger les Recherches))[END_REF][START_REF] Reinold | The Vulnerability of Microbial Ecosystems in A Changing Climate: Potential Impact in Shark Bay[END_REF][START_REF] Underwood | Environmental Effects on Exopolymer Production by Marine Benthic Diatoms: Dynamics, Changes in Composition, and Pathways of Production1[END_REF]. By binding to sedimentary particles, this matrix stabilises the microbial mat and prevents erosion phenomena (Decho, 1990), but it has many other essential roles such as nutrients supply by the sequestration and accumulation of dissolved and particulate nutrients coming from the water column that can be used by microorganisms, or it also helps microbial communication, or bring a protection against UV radiations [START_REF] Decho | Microbial biofilms in intertidal systems: an overview[END_REF][START_REF] Flemming | The biofilm matrix[END_REF][START_REF] Hubas | Biofilms, tapis et agrégats microbiens : vers une vision unificatrice (HDR (Habilitation à Diriger les Recherches))[END_REF]. EPS are therefore a major component of microbial mats and remain indispensable for their functioning.

Several studies have addressed the impact of climate change on photosynthetic marine microbial communities. Some authors have shown that temperature affects the composition, the photosynthetic performance as well as the growth, biomass and physiology of microphytobenthos [START_REF] Cartaxana | Effects of elevated temperature and CO2 on intertidal microphytobenthos[END_REF][START_REF] Hancke | Temperature effects on respiration and photosynthesis in three diatomdominated benthic communities[END_REF]. Acidification effects are thought to occur mainly at the metabolic level, favouring the growth of some microorganisms [START_REF] Baragi | Synergistic effect of elevated temperature, pCO 2 and nutrients on marine biofilm[END_REF][START_REF] Black | In-situ behavioural and physiological responses of Antarctic microphytobenthos to ocean acidification[END_REF][START_REF] Hicks | Impact of biodiversity-climate futures on primary production and metabolism in a model benthic estuarine system[END_REF] but also photorespiration in diatoms and increasing the number of proton pumps for maintaining intracellular pH homeostasis and respiratory processes [START_REF] Beardall | Living in a high CO2 world: Impacts of global climate change on marine phytoplankton[END_REF][START_REF] Black | In-situ behavioural and physiological responses of Antarctic microphytobenthos to ocean acidification[END_REF][START_REF] Gao | Responses of marine primary producers to interactions between ocean acidification, solar radiation, and warming[END_REF]. Acidification and warming also affect the characteristics of EPS of diatoms and cyanobacteria with a modification of their composition [START_REF] Li | Response of microalgae to elevated CO2 and temperature: impact of climate change on freshwater ecosystems[END_REF][START_REF] Ma | Cyanobacteria in eutrophic waters benefit from rising atmospheric CO2 concentrations[END_REF].

Many studies have highlighted the impact of acidification and warming water separately but it is necessary to consider them together as they can act synergistically [START_REF] Baragi | Influence of elevated temperature and pCO2 on the marine periphytic diatom Navicula distans and its associated organisms in culture[END_REF][START_REF] Baragi | Synergistic effect of elevated temperature, pCO 2 and nutrients on marine biofilm[END_REF][START_REF] Li | Response of microalgae to elevated CO2 and temperature: impact of climate change on freshwater ecosystems[END_REF]. The aim of this study was to simulate an acidification and a water warming on microbial mats on mesocosms according to the RCP8.5 scenario of the IPPC for 2100. Here, the phototrophic microbial communities are described and their potential composition variation will be monitored.

Material and methods

Description of the sampled sites

Microbial mats for mesocosms experiment were sampled the 30 th April 2019 in salterns located in Ars-en-Ré (46°13'29.9"N 1°31'07.5"W, Ré island, France) on a non-exploited pond. The microbial mat, which had not been disturbed for at least three years, was more mature than a mat from an exploited pond. Undisturbed mats were then placed in plastic boxes and transported to laboratory at room temperature where they were put back in water within three hours following the sampling. The water height was around 3 cm as observed in situ. In situ physico-chemical parameters (temperature, salinity, pH) of the water were measured with a multi-parameter probe (pHenomenal ® MU 6100H, VWRTM, USA) in order to apply them on the mesocosms as control values. Samples were also taken to determine nutrient salt concentrations in the pore water.

Mesocosm design

Microbial mats were separated into twenty-four plastic boxes (48 cm x 33 cm), each of them representing a mesocosm (Fig. 1). The mesocosms were gathered in groups of six representing a condition (five replicates and a box for pulse amplitude modulated (PAM) measures). In these six mesocosms, incoming water was from a reserve and was distributed individually with stainless steel taps. This water corresponded to seawater filtered at 80 µm, passed under UV light and whose salinity was adjusted to 60 psu with salt coming the salt marshes of the Ré island. Opposite to the water inlet, a hole allowed the water outlet in a network of PVC tubes between all the replicates. The water was not recycled. This setup permitted to maintain a stable water level at 3 cm above the mat and to renew seawater and the supplying nutrients for the development of the microbial mats. For each condition, a pool was constructed around the six plastic boxes where water was maintained at the desired temperature with a pump (EHEIM universal 600, Germany) connected to a thermoregulating device (Teco ® ) to control the water temperature above the microbial mats. The microbial mats were illuminated twelve hours a day following the day/night cycle observed during the spring. To control the evaporation rate, the lights used were LED (TOP-24H company by SYLED, France). They provided white cold light color and an intensity of 11.8 ± 0.9 µmol.photons.m -2 .s -1 (mean ± standard between the four treatments for a day) (HOBO Pendant ® Temperature/Light Data Logger, Onset Computer Corporation, USA) on the surface of the microbial mats.

Daily monitoring was done for the physico-chemical parameters (temperature, pH, salinity and dissolved oxygen) thanks to a multiparameter probe (pHenomenal ® MU 6100H, VWR TM , USA). 

Implementation of different treatments

A stabilisation period of five weeks was applied to acclimate the microbial mats to their new environment [START_REF] Gette-Bouvarot | The potential control of benthic biofilm growth by macrophytes-A mesocosm approach[END_REF][START_REF] Stauffert | Impact of Oil on Bacterial Community Structure in Bioturbated Sediments[END_REF]. The water temperature on the mesocosms was maintained at 20°C and the salinity of the incoming water was regulated in the water reserve to maintain a salinity at 60 +/-2 psu in the mesocosms, reproducing in situ conditions. The implementation of different treatments occurred for seven additional weeks.

Four treatments were applied to the microbial mats. Each pool and its six mesocosms represented a condition. The first treatment was the control treatment (C) in which the parameters were not changed. The second treatment was the warming treatment (W) in which the temperature was increased by 0.5°C every two days for 2 weeks until reaching 24°C. The acidification treatment (A) represented the third condition. The water acidification was performed in the water reserve by bubbling pure CO2, allowing a drop of initial water pH of 0.1 unit every four days for 2 weeks until reaching a decrease of the initial pH of the water reserve equal to 0.4 unit, i.e. 7.6. The water pH in the water reserve was monitored with a continuous pH stat system (IKS aquastar, iks ComputerSysteme GmbH, Germany). Then the pH values of the pH stat system were adjusted twice a week from measurement using a pH meter (Metrohm, 826 pH mobile) with a glass electrode (Metrohm, electrode plus) calibrated on the total scale using Tris buffer solution (provided by Andrew Dickson, Scripps Institution Oceanography, San Diego). Every day, the pH values in the four treatments pools were also measured on the total scale. The fourth treatment combined warming and acidification treatments (WA). The mesocosms were then maintained under these treatments for 5 further weeks.

A first sampling (noted t9) was performed after the stabilisation period of the microbial mats on the mesocosms, just before changing the environmental conditions. A second sampling (t16) was performed at the middle of the period of change and a third (t23) at the end (Supplementary materials, fig. A). After this period, sampling was performed every week (t30, t37, t44, t51 and t58) (Supplementary materials, fig. A). For each sampling, ten 1 cm depth cores were collected with a 1 cm diameter cut-off syringe in each mesocosm and mixed together in order to obtain a homogeneous sample.

Nutrient concentrations

A volume of 20 mL of water from each mesocosm was filtered at 0.22 μm in order to perform a nutrient analysis. The same was done for in situ samples. Half of the volume was frozen at -20°C while the other half was kept at 4°C for silicon analysis. The samples were then analyzed as described by [START_REF] Aminot | Dosage automatique des nutriments dans les eaux marines[END_REF]. Silicon, nitrate, nitrite and phosphate were measured by Segmented Continuous Flow Colorimetry (SFA) while ammonium was measured by SFA fluorimetry on an auto-analyser (SEAL AutoAnalyzer 3, SEAL analytical) [START_REF] Aminot | Dosage automatique des nutriments dans les eaux marines[END_REF].

Photosynthetic parameters

Chlorophyll fluorescence parameters were measured at 5 different locations of the core using a fluorometer (Monitoring Pen, MP 100-E, Photon Systems Instruments, Czech Republic) illuminated with a blue LED emitter (455 nm). The samples were placed in the dark (for 5 min) before the measurement of Light Response Curves. Manufacturer predetermined LC3 protocol was used following manufacturer instructions. LC3 protocol was characterised by 7 steps of increasing light intensities (10, 20, 50, 100, 300, 500, 1000 μmol.photon.m -2 .s -1 ) with an illumination duration of 60s. Minimum fluorescence level F0 5 [START_REF] Jesus | Chlorophyll fluorescence as a proxy for microphytobenthic biomass: alternatives to the current methodology[END_REF] was obtained by using a non actinic measuring light pulse (30 µs, 900 μmol.photon.m -2 .s -1 ), which induced the minimal chlorophyll fluorescence (F0 5 ).The samples were then subjected to a saturating light pulse (2,400 μmol.photon.m -2 .s -1 ). This made it possible to measure the maximum fluorescence level Fm 5 [START_REF] Jesus | Chlorophyll fluorescence as a proxy for microphytobenthic biomass: alternatives to the current methodology[END_REF]. All measurement were done in the same conditions and at the same time.

The data was then downloaded from the device to a computer using FluorPen software (v1.0.6.1, Photon Systems Instruments, Czech Republic) and all calculations and analyses were performed using R.Studio software (version 4.0.3 © RStudio, Inc.). From the measured parameters the effective quantum yields of photosynthesis (ɸ(II) 5 ) were calculated [START_REF] Jesus | Chlorophyll fluorescence as a proxy for microphytobenthic biomass: alternatives to the current methodology[END_REF] (Equation 1). They indicate the community's maximum potential for photosynthetic activity.

Pigment identification and quantification

Lipophilic pigments were analyzed by high performance liquid chromatography (HPLC).

Microbial mats were incubated with 95% methanol (buffered with 2% ammonium acetate) during 15 min, at -20°C in the dark. Extracts were then filtered with 0.2μm PTFE syringe filters and analyzed within 16h using an Agilent 1260 Infinity HPLC composed of a quaternary pump (VL 400 bar), a UV-VIS photodiode array detector (DAD 1260 VL, 190-950 nm), a fluorescence detector (FLD 1260 excitation: 425 nm, emission: 655 nm), and a 100μl automatic sample injector refrigerated at 4°C in the dark. Chromatographic separation was carried out using a C18 column for reverse phase chromatography (Supelcosil, 25 cm long, 4.6 mm inner diameter). The solvents used were: 0.5M ammonium acetate in methanol and water (85:15, v:v), acetonitrile and water (90:10, v:v), and 100% ethyl acetate. The solvent gradient was set according to [START_REF] Brotas | The use of HPLC pigment analysis to study microphytobenthos communities[END_REF], with a 0.5 mL min-1 flow rate.

Identification and calibration of the HPLC peaks were performed with ββ-carotene, canthaxanthin, chlorophyll a, chlorophyll b, chlorophyll c2, diatoxanthin, diadinoxanthin, fucoxanthin and pheophytin a standards. We identified all detected peaks by their absorption spectra and relative retention times using the Agilent OpenLab software. Quantification was performed using standard calibration curves built with repeated injections of standards over a range of dilutions. Xanthophylls, carotens and chlorophyll b and c were quantified at 470 nm, chlorophyll a and their derivatives as well as pheopigments were quantified at 665 nm. The relative abundance of each pigment (%) was calculated from its respective concentration in the sample (μg.mg -1 ).

Extracellular Polymeric Substances (EPS) characterization

In a 15 mL Falcon ® tube, 5 mL of microbial mat was mixed with an equivalent volume of seawater obtained by mixing water from the five sampled replicate and filtered at 0.22 μm for each treatment. The tubes were subjected to mechanical agitation by vortexing and by inversion at a rate of 40 oscillations.min -1 for 1 h at 4°C in the dark. Then they were centrifuged at 3500 g for 10 min at 4°C. The supernatant, containing the colloidal fraction, was recovered and stored at -20°C while the pellet, containing the bound fraction, was resuspended in 5 mL of seawater (again obtained by mixing water from the five sampled replicate and filtered at 0.22 μm for each treatment). 1 g of Dowex resin (Dowex Marathon C, Na + , Sigma-Aldrich), was prepared according to the protocol of [START_REF] Takahashi | Optimising extraction of extracellular polymeric substances (EPS) from benthic diatoms: Comparison of the efficiency of six EPS extraction methods[END_REF]. The tubes were again subjected to the same protocol to obtain the supernatant containing the fraction of bound EPS was recovered and stored at -20°C.

The carbohydrate dosage was performed according to Dubois' colorimetric method [START_REF] Dubois | Colorimetric Method for Determination of Sugars and Related Substances[END_REF] while the protein dosage was performed according to the BiCinchoninic acid Assay (BCA) method using the Pierce TM Protein Assay Kit (Thermoscientific). A range of glucose (L-(-)-Glucose, 98%, Sigma-Aldrich) from 0 to 3 g.L -1 and a range of bovine serum albumin (BSA) from 0 to 1 g.L -1 were performed in seawater from the Ré island hypersalinated at 60 psu and filtered at 0.22 μm. For carbohydrates, 100 μL of EPS sample were placed in a tube, then 100 μL of 5% phenol (Solid Phenol, Sigma-Aldrich, France) and 500 μL of 98% sulphuric acid (Sulphuric Acid 98%, Carlo-Erba Reagents, France) were added. The tubes were incubated for 30 min in the dark and at room temperature. A volume of 200 μL of the standard range and each triplicate sample was deposited in a 96-well microplate (Falcon ® 96well Clear Microplat, Thermo Fisher Scientific). The absorbance of each well was measured at 490 nm with a spectrophotometer (SPECTROstar ® Nano, BMG LAB). For proteins, 225 mL of reagent was prepared and stored in the dark at room temperature during the assay period.

The assays were performed in 96-well microplates (Falcon ® 96-well Clear Microplat, Thermo Fisher Scientific). 200 μL of reagents were placed in the wells and 25 μL standards or triplicate samples were added. The microplates were incubated for 30 min at 37°C, then the absorbance of each sample was measured at 562 nm by a spectrophotometer (SPECTROstar ® Nano, BMG LAB). Two calibration curves were drawn from the standard ranges and their respective abundances (corrected according to the kit indications for the BSA range), averaged over the duration of the experiment. They made it possible to determine the carbohydrate and protein concentrations. The latter were then related to the dry mass of the microbial mat.

To determine the dry mass of the microbial mat, a volume of 30 mL of microbial mat was collected and weighed to obtain the fresh mass (MF). The sample was then freeze-dried to remove water from the sample (Lyophilisateur Christ Alpha 1-4, Grosseron, France) and reweighed to obtain the freeze-dried mass (ML).

Data analysis

All calculations and analyses were performed on R.Studio software (version 4.0.3 © RStudio, Inc.). The mean of physico-chemical parameters, the carbohydrates and proteins concentrations of each fraction and the photosynthetic parameters of each treatment were compared with each other at each sampling time. The normality and homoscedasticity of the data were previously verified by carrying out a Shapiro test and a Bartlett test respectively. If both conditions were met, the data were subjected to an analysis of variances (ANOVA).

Otherwise, a Welch ANOVA was performed in the case of non-homogeneity of variances and a Kruskal-Wallis rank sum test in the case of non-normal data. If these tests were found to be significant (p < 0.05), then a pairwise comparison was performed using a Tukey test following the ANOVA, a Games-Howell test following a Welch ANOVA or a Nemenyi test following the Kruskal-Wallis test.

A Between Class Analysis (BCA) combined with hierarchical cluster analysis with a Bray dissimilarity index and ward.D2 method was done on pigments proportions.

Results

Efficiency of the physico-chemical changes

As expected, the temperature in W and WA treatments increased well by 4°C from the initial temperature, the one maintained in C and A treatments (23.89 ± 0.49°C; 23.82 ± 0.48°C; 20.32 ± 0.36°C; 20.23 ± 0.48°C; respectively) (Fig. 2,A; Supplementary materials, fig. B).

There was a delay of one week before reaching this increase after the change of state because this was the time needed to heat up all the water in the pool and then the mesocosms.

The pH of C and W treatments were stabilized after t37 at 7.94 ± 0.15 and 7.95 ± 0.09, respectively (Fig. 2,B; Supplementary materials, fig. B). The pH of A and WA treatments decreased until t44, then remaining stable at pH 7.87 ± 0.13 and 7.86 ± 0.10, respectively (Fig. 2, B; Supplementary materials, fig. B). No significant difference between the four treatments was found at t9 (Kruskal, p > 0.05).

The salinity (Fig. 2,C; Supplementary materials, fig. B) of C and A treatments remained stable at 60.87 ± 1.44 psu and 61.91 ± 1.79 psu, respectively. The salinity of the W treatment increased to a maximum mean value of 75.87 ± 4.84 psu after 40 days of incubation, and then decreased again to a final value of 67.35 ± 4.24 psu. The salinity of the WA treatment increased and reached its maximum value of 71.94 ± 6.55 psu on day 23 of the experiment and then decreased and remained at 66.13 ± 2.56 psu.

Dissolved oxygen remained stable between each treatment up to t16 (mean ± standard deviation; 0.95 ± 1.18 mg.L -1 for control, 0.61 ± 1.15 mg.L -1 for pH, 0.60 ± 0.46 mg.L -1 for W and 0.30 ± 0.24 mg.L -1 for WA) (Fig. 2, D; Supplementary materials, fig. B). From t23, the dissolved oxygen of the treatments increased linearly to t58 with a slope of 0.07 day -1 (R 2 = 0.45, Student-test, p < 0.05) for A, 0.05 day -1 (R 2 = 0.39, Student-test, p < 0.05) for W and 0.03 day -1 (R 2 = 0.19, Student-test, p < 0.05) for WA. The A treatment had a final oxygen concentration of 5.95 ± 1.63 mg.L -1 , significantly higher (ANOVA, p < 0.05) than that of the other mesocosms by a factor of 1.6 for W, 2.2 for C and 2.4 for WA (mean ± standard deviation).

The nutrients were analyzed thanks to the Redfield ratio calculations [START_REF] Redfield | The biological control of chemical factors in the environment[END_REF]. Only seven samples showed nitrogen limitation, notably four replicates of the A treatment at t30 and some samples showed a limitation of silicon (Supplementary materials, fig. B andC).

Most of the samples showed phosphate limitation, but such phosphate limitation was also observed in situ (Supplementary materials, fig. B andC). 

Pigment composition

A total of 37 pigments were identified. The analysis revealed the presence of several chlorophyll: chlorophyll a (Ca) and corresponding epimers and allomers, chlorophyll b (Cb) and chlorophyll c2 (Cc2). Bacteriochlorophyll a (BCa) was identified as well as echinenone, oscillol diquinovoside, myxol quinovoside and zeaxanthin. Other pigments were identified including lutein, alloxanthin, carotenoids and canthaxanthins and its isomers. Pigments corresponding to alteration products were also found: pyropheophytin, pheophytin a, pheophorbide a and chlorophyllide a. The presence of non-identified chlorophyll a-like molecules was also observed and hereby called chlorophyll derivatives (C deriv. #1-6).

Table 1: Pigments identified by HPLC and its corresponding abbreviations.

Acidification changes the pigments dynamics

At t9, all treatments were placed under the same water temperature and pH. No difference between pigments were observed (Fig. 3) (ANOVA or Welch or Kruskal, p>0.05).

The C treatment was different form the other treatments containing more myxol quinovoside and isomers 2 and 3 than A treatment at t37 and t44 (Kruskal, p<0.05) and than the three other treatments at t51 (ANOVA, p<0.05). It also contained more chlorophyll epimers at t58 than A, W and WA treatments (ANOVA, p<0.05) (Fig. 3). The W treatment was differentiated from the A treatment with the presence of chlorophyll derivative #6 at t51 and t58 (Welch, p<0.05) (Fig. 3). The concentration of chlorophyll a was around 4% at the beginning of the experiment (Fig. 4,A). It increased until t51 in all treatments except for A treatment and then decreased at t58 (Fig. 4,A). The A treatment slightly decreased at t58 and the proportion of chlorophyll a was lower in this treatment than in the C treatment (ANOVA, p < 0.05) at t51 and t58 (Fig. 4,A). Conversely, the proportion of chlorophyll derivatives (Fig. 4,B) was close to 0 at t9 for all treatments. It increased to t30, remained stable at t44 and then decreased again to t58 for the C, W and WA groups, while it increased to t44 before decreasing again to t58 for the A group (Fig. 4,B). The proportion of chlorophyll derivatives was significantly higher for the A treatment at t37, t44 and t51 (ANOVA and Welch, p < 0.05) (Fig. 4,B). 

Comparison of the photosynthetic yields of the microbial mat in the different treatments

The quantum efficiency of photosystem II (ɸ(II)') indicated the photosynthetic efficiency of the mat. At t9, the quantum yields of the C and A treatments were close to 0, while those of the W and WA groups were 14 and 4.2 times more than C and A treatments respectively (Fig. 5).

At t16 no significant difference was observed between all the quantum yields (ANOVA, p > 0.05) (Fig. 5). Other difference were observed between treatments during the experiment, but the kinetics obtained showed no real trend between treatments (Fig. 5), only WA treatment presented a quantum yields lower than C treatment at t37, t51 and t58 (ANOVA or Kruskal, p<0.05) than W and A treatments at t37 and t58 (ANOVA, p<0.05). 

Acidification impacted the proportion of EPS

The A treatment was dissimilar from the other treatments, characterized by its higher concentrations of bound carbohydrates EPS.

The carbohydrates bound EPS concentration was notably more important in A treatment on three times: at t23, t37 and t58 (ANOVA, p < 0.05) (Fig. 6). 

Discussion

The aim of the study was to simulate acidification and/or warming on microbial mats. The mesocosm system has the advantage to control the physico-chemical parameters allowing to simulate future conditions, which is impossible to achieve directly in the field; but the natural environment can never be mimicked perfectly (weather, daily or even seasonal variations in physico-chemical parameters, etc.). Although mesocosm system will never faithfully represent reality, it is a compromise often used to conduct experimental ecology studies [START_REF] Cravo-Laureau | Marine coastal sediments microbial hydrocarbon degradation processes: contribution of experimental ecology in the omics'era[END_REF]. It is therefore advisable to remain vigilant so as not to extrapolate too generally the results obtained with in situ microbial mats. Given the diversity of structure and functioning of microbial mats throughout the world, they may act differently in their natural environment. It should also be noted that this study was a simulation of the IPCC's most pessimistic predictions (RCP8.5) for 2100. The changes simulated only concerned the decrease in water pH and the increase in water temperature, but these are not the only parameters that are expected to vary in the future. Deoxygenation of the oceans, a succession of extreme weather events, and sea level rise in some regions are also foreseeable changes that have not been tested in this study. Moreover, they have been monitored over seven weeks, whereas variations in the natural environment are supposed to occur over several decades.

The renewal water in the mesocosm permitted to maintain a stable water level at 3 cm above the mat and a natural supply of nutrients for the development of microbial mats. Redfield ratio showed some limitation of nitrogen and/or phosphorus in the water under some conditions but previous studies have shown that microbial mats can develop in P- [START_REF] Peimbert | Comparative Metagenomics of Two Microbial Mats at Cuatro Ciénegas Basin I: Ancient Lessons on How to Cope with an Environment Under Severe Nutrient Stress[END_REF] and N-limited environment [START_REF] Peimbert | Comparative Metagenomics of Two Microbial Mats at Cuatro Ciénegas Basin I: Ancient Lessons on How to Cope with an Environment Under Severe Nutrient Stress[END_REF] (Supplementary materials, fig.

C).

Surprisingly, the decrease of pH under the A and WA treatments was not noticeable in the mesocosms (Fig. 2) although the pH in the respective water reserve decreased (Supplementary materials, fig. D) at the expected pH 7.6 (the initial pH was 8). This phenomenon has been observed in other studies [START_REF] Crawfurd | The Response of Thalassiosira pseudonana to Long-Term Exposure to Increased CO2 and Decreased pH[END_REF][START_REF] Ma | Cyanobacteria in eutrophic waters benefit from rising atmospheric CO2 concentrations[END_REF].

The most likely hypothesis is that the rate of CO2 fixation by photosynthesis was higher in the A and WA treatments, which had the effect of increasing the pH. In our experiment, dissolved oxygen increased under A treatment after the third week. Moreover, many microbial species are able to use carbon concentration mechanisms (CCMs), storing high CO2 concentrations before transport into the Rubisco compartments, which minimise photorespiration. These CCMs are found in oxygenic phototrophs like cyanobacteria or most of the phytoplankton [START_REF] Ma | Cyanobacteria in eutrophic waters benefit from rising atmospheric CO2 concentrations[END_REF]. The CCMs have been proposed as mechanisms to prevent photosynthetic systems to directly detect ambient changes in CO2 [START_REF] Mackey | Response of Photosynthesis to Ocean Acidification[END_REF]. As a result, photosynthetic rates might not respond directly to ambient changes in CO2 explaining the delay observed in the increase of dissolved oxygen in our experiment. Such observation is consistent with the fact that pH decreased from t23 while dissolved oxygen continued to increase (Fig. 2). [START_REF] Black | In-situ behavioural and physiological responses of Antarctic microphytobenthos to ocean acidification[END_REF] suggested that microphytobenthos use additional CO2 due to acidification for photosynthesis until the maximum yield capacity has been reached.

When the cells reached maximum intracellular CO2 concentration through their CCMs, any additional CO2 would contribute to the decrease in pH. The pH of the WA treatment followed the same dynamic as observed for the A treatment. However, the dissolved oxygen concentration under WA treatment increased less than half in comparison to the A treatment (Fig. 2,D). The CO2 absorption mechanisms may have been less efficient in WA treatment because temperature decreases the solubility of CO2 [START_REF] Wootton | Dynamic patterns and ecological impacts of declining ocean pH in a high-resolution multi-year dataset[END_REF].

Numerous studies have shown that photosystem II is very sensitive to environmental stress [START_REF] Murata | Photoinhibition of photosystem II under environmental stress[END_REF][START_REF] Nishiyama | Regulation by Environmental Conditions of the Repair of Photosystem II in Cyanobacteria[END_REF][START_REF] Van Gemerden | Effects of cadmium on the activities of photosystems of Chlorella pyrenoidosa and the protective role of cyclic electron flow[END_REF]. It is therefore important to focus on the quantum yield of photosystem II, which indicates the maximum photosynthetic activity potential of the communities. At t9, the quantum yield of photosystem II for the C and A treatments were close to 0 (Fig. 5), which indicated that the mats were not in good physiological condition when starting the experiment. Significantly lower quantum yields were observed under some treatments. At t23, under the A and the WA treatments an unexplained decrease of the quantum yield was observed (Fig. 5). The WA treatment exhibited significantly lower quantum yield than the other treatments at t37, t51 and t58 (Fig. 5), suggesting that mats have more difficulty withstanding simultaneous acidification and heating. It was not surprising that there was no difference in quantum efficiency between A and C treatments (Fig. 5). Photosynthetic organisms have a high capacity to modify pH with evidence that pH is regulated at the water/cell interface [START_REF] Black | In-situ behavioural and physiological responses of Antarctic microphytobenthos to ocean acidification[END_REF]. Our fluorometer illuminated with a blue LED emitter (455 nm). Chlorophyll a fluorescence per unit concentration in cyanobacteria tends to be lower than in algae when it is excited with blue light. This leads to an erroneous biomass estimate of cyanobacteria. In their study, Simis et al. (2012) have sought the optimal excitation and emission pairs for the separation of cyanobacterial and algal Fv/Fm in communities. They demonstrate that the highest correlation between community and cyanobacterial variable fluorescence is obtained under orange-red excitation in the 590-650 nm range, exciting cyanobacterial phycobilipigments.

No information was found about the other phototrophic communities.

The A treatment possessed more chlorophyll derivatives and lower chlorophyll a than the other treatments (Fig. 4). These chlorophyll derivatives molecules seemed to be bioindicators of a stress condition (water acidification). They were not identified by available standards.

These molecules did not correspond to known metallised allomers or epimers of chlorophyll a (Ca), as revealed by their retention time (Supplementary materials, fig. E). Based on their absorption spectra (Fig. 7), we can also rule out the hypothesis that these molecules correspond to de-metallised derivatives of chlorophyll a such as pheophytin a or pheophorbide a or even to bacteriochlorophyll a (BCa).

We can assume that these molecules correspond to transmetalated Ca or BCa. Some microorganisms are known to possess bacteriochlorophyll those the central Mg ion is replaced by another metal, as observed for Acidiphilium where BCa possess a Zn central metal [START_REF] Hiraishi | Aerobic anoxygenic photosynthetic bacteria with zincbacteriochlorophyll[END_REF]. This organism has been isolated from acidic mine ponds and it is supposed likely that pH constituted the evolutionary pressure responsible for the change of the central metal [START_REF] Hiraishi | Aerobic anoxygenic photosynthetic bacteria with zincbacteriochlorophyll[END_REF]. Although this is an attractive hypothesis, it is highly unlikely that our pH treatment had the effect of promoting the synthesis of transmetalated BCa as Zn-BCa displays absorption features in the near infra-red range [START_REF] Nagata | Construction and Photocurrent of Light-harvesting Polypeptides/Zinc Bacteriochlorophyll a Complex in Lipid Bilayers[END_REF] that were not observed here.

Chlorophylls and porphyrin derivatives generally have two major absorption bands (i.e. ''red'' (Q-) and ''blue'' (Soret-) bands, Fig. 7) in the visible range, due to extended π-delocalization at the edge of cyclic porphyrin skeleton [START_REF] Milenković | THE IDENTIFICATION OF CHLOROPHYLL AND ITS DERIVATIVES IN THE PIGMENT MIXTURES: HPLC-CHROMATOGRAPHY[END_REF]. Two main Q-bands (Qy,0-0 and Qy,0-1) are traditionally observed in the original Ca (or Mg-Ca) [START_REF] Gerola | Properties of Chlorophyll and Derivatives in Homogeneous and Microheterogeneous Systems[END_REF]. In our case, Ca wavelengths of maximum absorption λmax were respectively 665 (Qy,0-0) and 615 nm (Qy,0-1).

Based on these findings, the unidentified derivatives do not correspond to transmetalated Ca, although those absorption characteristics are close to the Mg-Ca molecule. As shown previously by [START_REF] Gerola | Properties of Chlorophyll and Derivatives in Homogeneous and Microheterogeneous Systems[END_REF], a hypsochromic (blue) shift of both Soret and Qy,0-0 bands must be expected with significant decreasing of λmax in Zn-and Cu-Ca in comparison to Mg-Ca. Such hypsochromic shifts were not observed in the unidentified derivatives spectra.

The only noticeable change corresponded to a decreased intensity (hypochromic effect) in the Qy,0-0 band in comparison with that of Mg-Ca and a bathochromic (red) shift in the Qy,0-1.

(Fig. 7). These characteristics are similar to those of bacteriochlorophyll c (BCc) with a recorded λmax (630 nm) for Qy,0-1 close to the expected 623-629 nm [START_REF] Goedheer | Visible Absorption and Fluorescence of Chlorophyll and Its Aggregates in Solution[END_REF][START_REF] Oelze | 9 Analysis of Bacteriochlorophylls**Dedicated to Prof. Dr. N. Pfennig on the occasion of his 60th birthday in recognition of his numerous contributions on the ecology and taxonomy of phototrophic bacteria[END_REF][START_REF] Pierson | A phototrophic gliding filamentous bacterium of hot springs, Chloroflexus aurantiacus, gen. and sp[END_REF]. This pigment is typically found in the chlorosomes of green anoxygenic phototroph bacteria, including the green sulfur bacteria and the green nonsulfur bacteria [START_REF] Frigaard | Bacteriochlorophyll Biosynthesis in Green Bacteria[END_REF][START_REF] Scheer | An Overview of Chlorophylls and Bacteriochlorophylls: Biochemistry, Biophysics, Functions and Applications[END_REF], which indicated that the pH conditions may have favoured the growth of these phototrophic bacteria.

Even moderate changes of both pH and temperature are relevant for bacterial community composition of microbial mats [START_REF] Uribe-Lorío | The influence of temperature and pH on bacterial community composition of microbial mats in hot springs from Costa Rica[END_REF]. A decrease in chlorophyll a has been observed under high CO2 levels suggesting that the CO2 input reduce CCMs and thus save energy, particularly in pigment synthesis [START_REF] Wang | Effects of ocean acidification and solar ultraviolet radiation on physiology and toxicity of dinoflagellate Karenia mikimotoi[END_REF][START_REF] Yue | Future CO2-induced seawater acidification mediates the physiological performance of a green alga Ulva linza in different photoperiods[END_REF]. In hot springs from Costa Rica, significant changes of microbial mat communities were observed with a significant increase of Chloroflexi (also named the green non-sulfur bacteria) abundance with decreasing pH and increasing temperature (Uribe-Lorío et al., 2019).

Chloroflexi have been previously reported to be more abundant at decreased pH on sediment of hydrothermal CO2 seeps in Papua New Guinea [START_REF] Hassenrück | Quantification of the effects of ocean acidification on sediment microbial communities in the environment: the importance of ecosystem approaches[END_REF] and in host-association with corals and sponges [START_REF] Kandler | In situ responses of the sponge microbiome to ocean acidification[END_REF][START_REF] Morrow | Natural volcanic CO 2 seeps reveal future trajectories for hostmicrobial associations in corals and sponges[END_REF].

Chlorobi, the green sulfur bacteria, have also been found to increase in abundance with acidification [START_REF] Hassenrück | Quantification of the effects of ocean acidification on sediment microbial communities in the environment: the importance of ecosystem approaches[END_REF]. On their study, [START_REF] Hassenrück | Quantification of the effects of ocean acidification on sediment microbial communities in the environment: the importance of ecosystem approaches[END_REF] supposed that in the sites characterized by low pH and high hydrothermal influence, including pronounced temperature increases, the Chloroflexi and Chlorobi replaced other microbial communities as major carbon degraders under anoxic conditions. Green anoxygenic bacteria participate on the carbon cycling and have been shown to fix CO2 [START_REF] Hug | Community genomic analyses constrain the distribution of metabolic traits across the Chloroflexi phylum and indicate roles in sediment carbon cycling[END_REF][START_REF] Sirevåg | Carbon Metabolism in Green Bacteria[END_REF]. The phototrophic communities of the microbial mats could be modified under A treatment leading to a higher relative abundance of green anoxygenic bacteria. It is also possible that the presence of more CO2 on the environment conducted to a shift on the metabolism of green anoxygenic phototrophic bacteria fixing the CO2 and being more competitive with the other communities. The bound carbohydrate EPS production was higher under the A treatment. EPS are essential for maintaining the physical properties and proper functioning of microbial mats, and are also involved in the adaptation of communities to their environment [START_REF] Dupraz | Microbial lithification in marine stromatolites and hypersaline mats[END_REF][START_REF] Hubas | Biofilms, tapis et agrégats microbiens : vers une vision unificatrice (HDR (Habilitation à Diriger les Recherches))[END_REF][START_REF] Prieto-Barajas | Microbial mat ecosystems: Structure types, functional diversity, and biotechnological application[END_REF]. Therefore, EPS are an essential element, even more when microorganisms are confronted with strong variations in physicochemical parameters. It has been observed that the degradation of polysaccharides by bacterial extracellular enzymes is accelerated at low pH [START_REF] Piontek | Acidification increases microbial polysaccharide degradation in the ocean[END_REF]. It can be supposed that microbial mats could therefore synthesize more carbohydrates to compensate for this degradation. Microbial mats in the W treatment did not show any variation in concentration, suggesting that temperature has no effect on this process. Those in the WA treatment also did not change suggesting that acidification and warming have probably antagonistic effects limiting the impact of acidification on EPS. However, [START_REF] Li | Response of microalgae to elevated CO2 and temperature: impact of climate change on freshwater ecosystems[END_REF] obtained contradictory results on three freshwater microalgae as they demonstrated that acidification and warming act synergistically. The variation of bound carbohydrate EPS suggest that microbial mats subjected to acidification modified their metabolism. [START_REF] Tan | A metabolomic approach to investigate effects of ocean acidification on a polar microalga Chlorella sp[END_REF] have shown that a polar strain of Chlorella sp. modulates its metabolism under acidified conditions (pCO2 = 1000 μatm), favouring its survival. They observed a decrease in the fluxes of glucose and sucrose, the main products of photosynthesis, under high pCO2. [START_REF] Gong | Ocean Acidification and Warming Lead to Increased Growth and Altered Chloroplast Morphology in the Thermo-Tolerant Alga Symbiochlorum hainanensis[END_REF] also observed that the starch metabolism was modified by increasing the quantity of starch granules in another microalgae named Symbiochlorum hainanensis. These observations suggest that the organic carbon produced by photosynthesis in the microbial mats placed under the A treatment was redirected towards the synthesis of other carbohydrates which concentration had considerably increased.

Conclusion

The temperature in the warming treatments increased by 4°C from the initial temperature as expected. Despite of a decrease of 0.4 unit pH in the water reserves of acidification treatments, no significance difference was observed between the water pH of the different treatments. The salinity increased on the warming treatments because of the water evaporation. The dissolved oxygen concentration increased and was higher on the acidification treatments, certainly due to an increase of the photosynthesis because of the carbon input.

In the acidification treatment, our results showed that the concentration of bound carbohydrates EPS increased. This indicated that the metabolisms were modified to cope with the induced changes. In addition, the phototrophic communities of the microbial mats under the different treatments showed characteristic pigments. In particular, unknown chlorophyll derivatives were present under acidification and/or warming treatments. To the best of our knowledge the synthesis of such derivatives following an acidification or/and a warming experiment has never been reported before. These molecules were eventually identified as bacteriochlorophyll c and several possible isomers which suggest that experimentally induced climate change scenario may have favoured the increase of BCc contained on green anoxygenic phototroph bacteria.

The mesocosm experiment has shown that phototrophic communities of the microbial mats were able to adapt to the conditions defined by the IPCC (2014) regarding acidification and warming of surface water. The most probable explanation is that the studied microbial mats are already naturally confronted with environmental conditions (pH, light, temperature, salinity, etc.) that fluctuate with a great amplitude in salt marshes. They may therefore already be confronted with temperature and pH conditions predicted, for example, by the IPCC for 2100. Changes in their metabolism probably enabled them to maintain a high potential for photosynthetic activity when acidification took place. In the future, it would be interesting to observe if a difference in the phylogenetic composition of these communities occurred. This study provides new insights on the response of phototrophic communities of microbial mats in a context of climatic change and permit to better understand their function in this ecosystem.

Figure 1 :

 1 Figure 1: Schematic representation of the experimental device with the control (C) and the acidification (A), warming (W) and mixed (WA) treatments. The replicates are represented by the letter R, the first five are used for sampling and the sixth is dedicated to the measurements of fluorimetry by pulse amplitude modulation (PAM).

Figure 2 :

 2 Figure 2: Temporal variation of the temperature (°C) (A), the pH (upH) (B), the salinity (psu) (C) and the dissolved oxygen (mg.L -1 ) (D) of the different treatments (control (C), acidification (A), warming (W) or warming and acidification mix (WA)). The points corresponded to the values measured for each sample. The curves represented local regressions, based on the k-nearest neighbors algorithm (geom_smooth function of the ggplot2 package, loess method). The grey areas symbolised the 95% confidence intervals. The sampling days were represented by black arrows. The day 0 to day 8 corresponded to the stabilisation week.

Figure 3 :

 3 Figure 3: Dynamics of microbial communities according to pigments composition and the sampling time (tX) (A). This figure was obtained thanks to analyze BCA combined with hierarchical cluster analysis with a Bray dissimilarity index and ward.D2 method. A representation more detailed with the different parameters was done at t58 (B). The correspondence between the abbreviations and the names of pigments is provided on the table 1.

Figure 4 :

 4 Figure 4: Temporal variations of (A) the concentration of chlorophyll a (%) and (B) the concentration of chlorophyll derivatives (%). The letters t followed by a number indicates the sampling time. The statistical test performed to show the differences between treatments at a sampling time is indicated in italics above the figure. The letters indicated a significant difference (p < 0.05) found after a post-hoc Tuckey test in the case of an ANOVA or a Games-Howell test in the case of a Welch ANOVA.

Figure 5 :

 5 Figure 5: Variation of the quantum efficiency of photosystem II (ɸ(II)') in the different treatment. The letters t followed by a number indicates the sampling time. Above the figure was indicated in italics the test carried out for the comparison between treatments of the same week. The letters indicated a significant difference (p < 0.05) found after a post-hoc Tukey HSD test in the case of an ANOVA, a Games-Howell test in the case of a Welch ANOVA or a Nemenyi test in the case of a Kruskal Wallis test.

Figure 6 :

 6 Figure 6: Temporal variation of the carbohydrate concentration in the bound fraction of EPS (in μg.g -1 dry mass). The letters t followed by a number indicates the sampling time. The statistical test performed to show the differences between treatments at a sampling time is indicated in italics above the figure. The letters indicate a significant difference (p < 0.05) found after a post-hoc Tuckey test. Note: the ANOVA performed at t16 did not consider the C treatment because of the presence of outliers.

Figure 7 :

 7 Figure 7: Normalized absorption spectra of different pigments of the microbial mats. A: superimposed absorption spectra of the 6 detected chlorophyll derivatives (C deriv.). B: comparison between the absorption spectra of chlorophyll a (Ca) and C deriv. #2. C:

  

Acknowledgements

C. Mazière was supported by a PhD grant from E2S-UPPA program and the Région Nouvelle-Aquitaine. We thank the funding support from the European programme ERANETMED AQUASALT (NMED-0003-01) and from the ACI politique d'établissement Université de La Rochelle.

The authors are grateful to the salterns owner Michel Jauffrais and Thomas Lacoue-Labarthe for his help in setting up the acidification treatment.