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INTRODUCTION

Coastal lagoons provide a wide range of ecosystem services [START_REF] Chapman | Management of coastal lagoons under climate change[END_REF][START_REF] Villamagna | Capacity, pressure, demand, and flow: A conceptual framework for analyzing ecosystem service provision and delivery[END_REF][START_REF] Kermagoret | How does eutrophication impact bundles of ecosystem services in multiple coastal habitats using state-and-transition models[END_REF], associated with biodiversity, including bivalves which are of great ecological interest and high commercial value for some of them. Bivalves also have an important regulatory functions in the ecosystem thanks to their capacity to extract particles, to regenerate and store nutrients and to form hard biogenic structures [START_REF] Smaal | Goods and Services of Marine Bivalves[END_REF]). However, because coastal lagoons are shallow and have limited exchange with the ocean, they are highly sensitive to eutrophication, heat waves, hypoxia and acidification, as well as to the effects of global climate change [START_REF] Lloret | Is coastal lagoon eutrophication likely to be aggravated by global climate change ? 78[END_REF][START_REF] Lu | Major threats of pollution and climate change to global coastal ecosystems and enhanced management for sustainability[END_REF], Thomas et al. 2018). An atmospheric heat wave is defined as five consecutive days with a maximum temperature 5°C above the 1976-2005 normal [START_REF] Jouzel | Scénarios régionalisés: édition 2014 pour la métropole et les régions d'outre-mer[END_REF]. Summer 2019 was characterized by two heat waves of exceptional intensity over France, including the Thau Basin, one from June 24 to July 7, the other from July 21 to 27. The absolute heat record for France (46 °C) was measured in Vérargues in the Hérault administrative department (Météo-France 2019), which includes the Thau basin.

Marine heatwaves (MHW) are extreme events defined as abrupt but prolonged periods of high sea surface temperatures that can occur anywhere, at any time [START_REF] Scannell | Frequency of marine heatwaves in the North Atlantic and North Pacific since 1950[END_REF][START_REF] Schlegel | Nearshore and offshore co-occurrence of marine heatwaves and cold-spells[END_REF][START_REF] Hobday | Categorizing and Naming Marine Heatwaves[END_REF]. High water temperatures increase the metabolic requirements of bivalves [START_REF] Filgueira | Bivalve aquaculture-environment interactions in the context of climate change[END_REF][START_REF] Thomas | Assessing the sensitivity of bivalve populations to global warming using an individual-based modelling approach[END_REF]. Even if temperatures remain within the species' thermal range, high temperatures combined with salinity and/or food variations, can negatively impact the life cycle of bivalves [START_REF] Filgueira | Bivalve aquaculture-environment interactions in the context of climate change[END_REF].

Several studies suggest that global changes are disrupting plankton communities and their nutritional values by affecting the abundance, size and diversity of primary producers [START_REF] Klauschies | Climate change effects on phytoplankton depend on cell size and food web structure[END_REF], Sommer et al. 2012[START_REF] Trombetta | Water temperature drives phytoplankton blooms in coastal waters[END_REF]. Generally, elevated temperatures affect phytoplankton cell size with a shift from larger to smaller species [START_REF] Bec | Phytoplankton seasonal dynamics in a Mediterranean coastal lagoon: Emphasis on the picoeukaryote community[END_REF][START_REF] Trombetta | Water temperature drives phytoplankton blooms in coastal waters[END_REF]. Adult bivalves can assimilate small phytoplanktonic particles [START_REF] Sonier | Picophytoplankton contribution to Mytilus edulis growth in an intensive culture environment[END_REF]. However, the efficiency of the capture is regulated by the morphology of their gills, and is generally low when small particles as picoplankton are present [START_REF] Rosa | Selective Capture and Ingestion of Particles by Suspension-Feeding Bivalve Molluscs: A Review[END_REF]. Larvae feed through a less selective velum [START_REF] Bower | Atlas of anatomy and histology of larvae and early juvenile stages of Japanese scallop Patinopecten yessoensis[END_REF]. Marine phytoplankton species are major producers of long-chain polyunsaturated essential fatty acids (EFA) but are predicted to decrease due to ocean warming [START_REF] Hixson | Climate warming is predicted to reduce omega-3, long-chain, polyunsaturated fatty acid production in phytoplankton[END_REF][START_REF] Colombo | A fundamental dichotomy in long-chain polyunsaturated fatty acid abundance between and within marine and terrestrial ecosystems[END_REF]. The fatty acids docosahexaenoic acid (22:6ω3; DHA), eicosapentaenoic acid (20:5ω3; EPA) and arachidonic acid (AA) are essential for the growth and survival of marine invertebrates, particularly during their metamorphosis from pelagic larvae to benthic juveniles and ultimately, their recruitment success [START_REF] Gagné | Lipid requirements of the scallop Pecten maximus (L.) during larval and post-larval development in relation to addition of Rhodomonas salina in diet[END_REF][START_REF] Bassim | Predicting growth and mortality of bivalve larvae using gene expression and supervised machine learning[END_REF]. Since EFAs are poorly biosynthesized by marine animals, their intake depends on their food [START_REF] Glencross | Exploring the nutritional demand for essential fatty acids by aquaculture species[END_REF][START_REF] Costa | Essential Fatty Acid Assimilation and Synthesis in Larvae of the Bivalve Crassostrea gigas[END_REF]. Thus, both the right size and the right fatty acid composition of larval food are essential for the recruitment success of bivalves.

The aim of this study was to identify the environmental factors and trophic conditions (Supplementary material table1 & table 2) associated with the recruitment failure of the Pacific oyster, Crassostrea gigas, during a heat wave. We compared two contrasted years (2017 no heat wave and 2019 heat wave) in four sites in the Thau lagoon, France (Fig. 1). We hypothesize that the heat waves, characterized by high temperatures and high salinity, have a negative impact on oyster recruitment due to poor larval feeding conditions caused by changes in plankton diversity.

MATERIALS AND METHODS

Experimental design

Oyster recruitment was monitored from July 24 to August 21, 2017, and from July 2 to 29, 2019, at four experimental sites in the Thau lagoon (southern France; Fig 1 .). The average depth of the lagoon is 4 m. The lagoon covers an area of 7 500 ha (19 km x 4.5 km) of which 20% is used for shellfish culture (oysters and mussels). The lagoon is connected to the Mediterranean Sea via a network of channels through Sète Harbor [START_REF] Fiandrino | Spatial patterns in coastal lagoons related to the hydrodynamics of seawater intrusion[END_REF]. Two experimental sites were located inside the shellfish farming areas (Marseillan and Bouzigues) while two others were located outside the shellfish farming areas (Meze and Listel) (Fig 1 .).

Oyster analyses

Three sets of oyster collectors were submerged vertically 2 m below the surface at each of the four study sites in the Thau lagoon to collect young settlers (pediveligers settled on collectors, metamorphosed juveniles, and newly metamorphosed juveniles). The collectors were installed once the oyster's larval supply reached a density of 10 000 larvae/m 3 (VELYGER network 44 ).

The collectors located inside the shellfish culture areas were suspended from existing farming structures. Those outside the area were suspended using a mooring system [START_REF] Lagarde | Recruitment of the Pacific oyster Crassostrea gigas in a shellfish-exploited Mediterranean lagoon : discovery, driving factors and a favorable environmental window[END_REF][START_REF] Lagarde | Duality of trophic supply and hydrodynamic connectivity drives spatial patterns of Pacific oyster recruitment[END_REF]. Each collector was made of 44 white PVC plastic plates (15 cm diameter; surface area of 250 cm 2 ) stacked on a 110 cm tube. Two weeks after their immersion, three plates per collector were harvested [at the top (i.e., the 5 th from the surface), in the middle (the 22 nd ) and at the bottom (the 39 th )] and data were pooled to assess the abundance of young settlers and fatty acid (FA) content (μg larva -1 ). A similar sampling procedure was used four weeks after the collectors were immersed to assess the abundance of juveniles.

The abundance of young settlers and juveniles was assessed on the upper surface of each plate using standard 15 cm 2 sub-units. Depending on the abundance, 3 to 12 sub-units were randomly selected for counting and the resulting replicates were averaged to obtain the total number of individuals per plate. Recruitment was evaluated from the abundance of juveniles and metamorphosis from the ratio of juvenile to young-settler abundances. Size at metamorphosis was estimated by measuring the prodissoconch II (PII) [START_REF] Martel | Prodissoconch morphology, planktonic shell growth, and site at metamorphosis in Dreissena polymorpha[END_REF]. A maximum of 60 spats were removed from each plate sampled after the fourth week after immersion, and placed on a plasticine flange fixed on a microscope blade. Observations were made under the widerange zoom lens of a high-resolution digital microscope Keyence (VHX 2000E, 1 μm resolution, HDR images), and the maximum dorsoventral axis was measured. This measurement corresponds to the distance between the umbo and the most distant part of the clear demarcation formed by a growth line delimiting the PII from the dissoconch shell.

The fatty acid (FA) composition of young settlers was determined using a pool of 77 to 212 individuals per replicate (2-3 replicates per site depending on pediveliger abundances). Samples were preserved in vials with 3 mL of dichloromethane methanol (CH2Cl2:MeOH, 2:1 v:v), closed with a Teflon-lined cap under nitrogen atmosphere and stored at -80 °C until analysis.

Lipids were extracted by grinding in dichloromethane methanol using a modified Folch procedure [START_REF] Parrish | Determination of Total Lipid, Lipid Classes, and Fatty Acids in Aquatic Samples[END_REF]. Fatty acid methyl esters (FAME) were prepared using sulfuric acid and methanol (2:98 v:v) at 100 °C for 10 min and using 19:0 as internal standard [START_REF] Lepage | Improved recovery of fatty acid through direct transesterification without prior extraction or purification[END_REF]. Samples were purified on an activated silica gel with 1 mL of hexane ethyl acetate (v:v) to eliminate free sterols. FAME were analyzed in the full scan mode (ionic range: 50-650 m:z) on a Polaris Q ion trap coupled to a Trace GC Ultra gas chromatograph (Thermo Scientific) equipped with a TriPlus autosampler, a PTV injector and an ITQ900 mass detector (Thermo Scientific). An Omegawax 250 (Supelco) capillary column was used for separation using high purity helium. Xcalibur v.2.1 software (Thermo Scientific) was used for FAME identification and quantification with the standards (Supelco 37 Component FAME Mix and Supelco menhaden oil). Unknown peaks were identified according to their mass spectra with emphasis on FA trophic makers.

Environmental measurements

Environmental factors were measured once a week (supplementary files table 1 and table 2) just after immersion of the collectors until the plates were harvested, i.e., a total of five weeks.

Temperature (°C), salinity (PSU) and dissolved oxygen concentrations (mg L -1 ) were measured at a depth of 1 m and at the bottom of the water column with an Oxi1970i WTW oximeter and an LF 197-S WTW conductivity meter.

Potential food for oysters is expressed as the concentration of total suspended particulate matter varying in size from 0.7 and 20 μm (TPM0.7-20µm, mg L -1 ). It consisted of inorganic (PIM0.7-20µm, mg L -1 ) and organic particulate matter (POM0.7-20µm, mg L -1 ). Once a week, three replicate water samples were collected at a depth of 1 m using a Ruttner Standard Water Sampler (Hydro-Bios Apparatebau) and stored at 4 °C for less than 2 hours before filtration for the measurement of the concentrations (mg mL -1 ) of pico and nano-seston. In 2017, 500-mL subsamples of 1-L samples were used for filtration, while 1-L subsamples of 2-L samples were used in 2019. Water samples were first filtered by gravity through a Nuclepore membrane (20 μm pore size).

Fractioned water samples were then filtered using a vacuum pressure pump (0.3 bar) on pre-weighed (Mettler Toledo XP6 microbalance) pre-combusted (at 500 °C) Whatman 25 mm GF/F filters (0.7 μm pore size). The GF/F filters were rinsed with an isotonic seawater solution of ammonium formate (38 g L -1 distilled water) to eliminate salt deposits and stored in Millipore™ PetriSlide™ containers at -25°C. The filters were dried at 70 °C for 24 h, weighed and the concentration of total particulate matter TPM0.7-20µm was determined. The filters were then combusted at 500 °C for 5 h and reweighed to determine the concentration of particulate inorganic matter (PIM0.7-20µm, mg L -1 ). The concentration of particulate organic matter (POM0.7-20µm, mg L -1 ) was the difference in weight between the dried and the combusted filter. To determine the FA content of the pico-and nano-seston (μg.mg TPM0.7-20µm -1 ), 1-L water samples collected in 2017 and 2-L water samples collected in 2019 were filtered as described above without addition of ammonium formate solution. GF/F filters were stored in 3 ml of CH2Cl2:MeOH (2:1 v:v) under a nitrogen atmosphere in vials with a Teflon-lined cap and stored at -80 °C. The mass of total fatty acids in the seston (MTFA; µg mg -1 POM) and its composition (% fatty acids) were obtained as already described for oysters, with lipid extraction carried out by sonification rather than grinding.

Plankton diversity was collected in 1-L samples in 2017 and in 2-L samples in 2019 collected weekly with a Ruttner Standard Water Sampler (Hydro-Bios Apparatebau) at each sampling site. This sampling strategy provided 40 observations (4 sites x 5 weeks x 2 years).

Phytoplankton was characterized using the standard Utermöhl method NF- EN-152014, 2006 were evaluated in 200 ml seawater samples filtered [START_REF] Bec | Phytoplankton seasonal dynamics in a Mediterranean coastal lagoon: Emphasis on the picoeukaryote community[END_REF][START_REF] Bec | Distribution of picophytoplankton and nanophytoplankton along an anthropogenic eutrophication gradient in French Mediterranean coastal lagoons[END_REF] on Whatman GF/F membranes (0.7 μm pore size) with a vacuum pressure pump (<10 cm Hg). Filters were stored in glass tubes at -20 °C until analysis. To determine the contribution of picophytoplankton (<3 μm), nanophytoplankton (3 to 20 μm) and microphytoplankton (>20 μm), two out of three samples were size-fractioned beforehand by gravity through Nuclepore membranes (3 and 20 μm pore size). Filters were ground in acetone (90%) and extracted at 4 °C for 24 h in the dark.

Pigment contents were measured with a spectrofluorometer (Perkin-Elmer LS50b) [START_REF] Neveux | Spectrofluorometric assay of chlorophylls and phaeopigments using the least squares approximation technique[END_REF] and are expressed in μg chl a L -1 . Concentrations of picocyanobacteria (<1 μm), autotrophic picoeukaryotes (<3 μm), nanophytoplankton (3-20 μm) and bacteria were estimated using a FACSCalibur flow cytometer Becton Dickinson methods [START_REF] Marie | Enumeration and cell cycle analysis of natural populations of marine picoplankton by flow cytometry using the nucleic acid stain SYBR Green I[END_REF][START_REF] Bec | Distribution of picophytoplankton and nanophytoplankton along an anthropogenic eutrophication gradient in French Mediterranean coastal lagoons[END_REF]. Seawater samples (1-ml) were analyzed; abundances are expressed in cells per liter. Total picophytoplankton abundances were assessed by summing picocyanobacteria and photosynthetic picoeukaryote abundances. Fluorescent beads (0.94 μm; 2 and 3 µm, Polysciences) were added to each sample. To measure bacterial abundances, seawater samples were fixed with prefiltered (0.2 μm) buffered formaldehyde (2% final concentration) and stored in liquid nitrogen. The procedure was slightly modified as higher concentrations of fluorochromes (SYBR Green I) were used [START_REF] Bouvy | Plankton communities in the five Iles Eparses (Western Indian Ocean) considered to be pristine ecosystems[END_REF]. The fixed samples were incubated with SYBR Green I (Molecular Probes) at a final concentration of 1/375 at 4 °C for 15 min in the dark. Stained bacterial cells excited at 488 nm were determined according to their side-scattered light and green fluorescence collected using a 530/ 30 nm filter. Fluorescent beads (0.94 μm; Polysciences) were added to each sample.

Protozooplankton (heterotrophic flagellates) abundances were determined using the standard 2006 Utermöhl method NF-EN-152014, and are expressed in cells per liter. Until used for heterotrophic flagellate analysis, 30-ml seawater samples were preserved with 2.5-ml of prefiltered (0.2 μm) formaldehyde and kept at 4 °C in the dark. Before counting, 10 ml subsamples were stained with 4',6-diamidino-2-phenylindole (DAPI) for a final concentration of 2.5 μg ml -1 . Heterotrophic flagellates were counted by size class (2-5 μm, 5-10 μm and >10 μm) under an epifluorescence microscope (Olympus AX70) with UV illumination [START_REF] Sherr | Staining of heterotrophic protists for visualization via epifluorescence microscopy[END_REF].

Territorial competition

Percent cover of tubeworm (Ficopomatus enigmaticus) on plates sampled in the fourth week after immersion (6 plates per site) was estimated to assess territorial competition with oyster juveniles, but only during the 2019 sampling season, as no tubeworms were observed in 2017.

Photographs of each plate were taken with a GoPro HERO4 Silver camera equipped with a macro pro filter (San Mateo, CA, USA) and the % of tubeworms recovered on the plate was estimated using Image-Pro Insight 9.1 software (MediaCybernetics, Rockville, MD, USA).

Statistical analyses

All PERMANOVA analyses were performed with Primer 7 and Permanova+1 (version 7.0.13) software. A two-way PERMANOVA (n perm.: 9999) was conducted using a Euclidian distance matrix to test the effect of year (2 fixed levels) and sampling site (4 fixed levels) on size at metamorphosis, total and essential fatty acid contents in young settlers and on all the environmental variables measured, except the oxygen level, which was added as a third factor (depth) in the analysis. Homogeneity was evaluated using the permutation analysis of multivariate dispersion (PERMDISP) routine. When significant PERMANOVAs were observed, post hoc multiple comparison tests were carried out. Multivariate analyses of total FA composition in young settlers and in seston, including a posteriori pairwise comparison, were done using distance-based permutational multivariate analysis of variance (PERMANOVA, 9999 permutations) based on Euclidian dissimilarities with year (2 fixed levels) and sampling site (4 fixed levels) as sources of variation. Variations in FA composition, expressed in percentages, were visualized using non-metric multidimensional scaling (n-MDS).

The similarity percentages (SIMPER) procedure was performed on untransformed data to identify the FAs that explained the most dissimilarity between significant different levels.

RESULTS

Oyster recruitment

Recruitment numbers showed dramatic annual variability with great success at some sites in 2017 but an overall near-zero recruitment level at all sites in 2019 (Fig. 2a,b). In 2017, the metamorphosis survival rate, expressed as the ratio of juvenile to young settler abundances per plate, also showed marked spatial variability. The ratio of juvenile (123 ± 9 ind. plate -1 ) to young-settler abundances per plate (49 ± 6 ind. plate -1 ) was 2.5 in Bouzigues, suggesting up to 100% successful metamorphosis by competent larvae and the arrival of competent larvae from elsewhere. However, in the other sites, recruitment level decreased by 24% (94 ± 16 juveniles plate -1 ) in Meze, 90% (13 ± 2 juveniles plate -1 ) in Listel, and 97% (4 ± 2 juveniles plate -1 ) in Marseillan. A poorer supply of larvae (6 ± 2 young-settlers plate -1 ) was observed in Marseillan, but the metamorphosis survival rate was 0.6. However, in Meze and Listel, the low recruitment rates were not linked to the supply of larvae, as young settler abundances were higher in Meze (328 ± 71 young settler plate -1 , with a metamorphosis survival rate of 0.3) and in Listel (670 ± 65 young settler plate -1 , with a metamorphosis survival rate of 0.02) than in Bouzigues. Failure characterized the 2019 oyster recruitment season: low abundances of young settlers were observed in Meze (116 ± 5 ind. plate -1 ) and in Listel (31 ± 2 ind. plate -1 ), with almost 3 and 22 times fewer individuals than in 2017, respectively. This trend was not observed in Bouzigues (84 ± 9 ind. plate -1 ) or in Marseillan (45 ± 3 ind. plate -1 ) in 2019. Instead, young settlers were respectively 2 and 7 times higher in 2019 than in 2017. However, two weeks later, almost no juveniles were observed on the plates (average 0.14 ± 0.06), regardless of the sites, pointing to a general oyster recruitment failure in 2019.

The size of juveniles at metamorphosis (PII length) was established in all samples, except samples from Bouzigues in 2019 (Fig 2c,d), in which no metamorphosis of young settlers to juveniles was observed. PII individuals sampled in 2019 were 5.1% smaller (mean 262 ± 1 µm) than those sampled in 2017 (mean 276 ± 1 µm). Differences among sites were only observed in 2017, when PII sizes in Bouzigues were 2.7% smaller than those in Meze (p = 0.02), Listel (p = 0.01) and Marseillan (p = 0.03).

No differences in total fatty acid (TFA) contents were observed in young settlers in the four sites and the two years. The overall TFA average was 51 ± 19 ng lavae -1 (p > 0.06). The sum of essential fatty acids (EFA) corresponded to about 10% of TFA with an effect of year × site (df=3 and 19, pseudo-F=6.47, p=0.007), as individuals in Listel (p=0.02) and Marseillan (p=0.006) had 5 times lower TFA contents in 2017 than in 2019. The fatty acid composition of young settlers varied with the year × site interaction (df=3 and 19, pseudo-F=2.34, p=0.017), as individuals sampled in Listel (p=0.047) and Marseillan (p=0.044) had different profiles in the two years (Supplementary material Fig. 1). According to SIMPER analysis, the interannual differences observed at these two sites were linked to DHA (22:6n3), EPA (20:5n3), AA (20:4n6), 18:2n6, 18:0 and 16:0 explained more than 83% of the average dissimilarity in the fatty acid profiles. DHA, EPA and AA levels in young settlers sampled in 2019 were twice higher than in 2017, while the levels of 18:2n6 were five times lower in 2019 than in 2017, except for the Meze and Bouzigues sites (p > 0.09).

Physico-chemical parameters

Average water temperatures were 2.6 o C higher and salinity was 0.34 S higher in 2019 than in 2017 (Fig 3a,b, Supplementary Table 3 andSupplementary Table 4). A site effect was also observed for salinity in the Thau lagoon. Salinity increased from east to west: the mean value at Marseillan was 0.68 S higher than at Bouzigues. Conversely, no effect of site on temperature was observed. There was a site × year effect on oxygen concentration (Supplementary Table 5).

No difference was observed among sites in 2017 (c). The lowest values were observed in Bouzigues in 2019 (p = 0.001) near the bottom of the lagoon (21.8% lower than in 2017).

Oxygen concentrations varied with water depth, lower values generally being observed near the bottom (Fig. 3c).

Potential food for oyster larvae

Concentrations of TPM0.7-20 (), PIM0.7-20 () and POM0.7-20 () were more than twice higher in 2019 than in 2017 (Fig. a,b,c, Supplementary Table 6, 7 and8). Significant differences among the four sites were only observed in POM0.7-20 concentrations. In both years, POM0.7-20 concentrations in Marseillan were 0.7 and 0.8 times lower than in Listel and Meze (p = 0.01 and 0.03 respectively). An effect of year × chl-a biomasses fraction was observed (Supplementary Table 9). Mean nanophytoplankton and picophytoplankton biomasses (p = 0.0001 and p = 0.0004 respectively) were 3 times higher in 2019 (Fig. 4d,e) than in 2017. A site × year effect was also observed, chl-a biomass values were 45% lower in Bouzigues than in Listel (p=0.01) and Meze (p = 0.004) in 2017. In 2019, biomasses in Marseillan were 62% lower than at the other sites (p < 0.02). Interannual variability in chl-a was only found in Bouzigues with 3 times more biomass in 2019 (p = 0.0007) than in 2017. Similar patterns were observed for chlb and chl -c biomass, with twice as much chl-b in the samples collected 2019 samples than in the samples collected in 2017 (0.069 µg L -1 versus 0.026 µg L -1 ; p=0.0001), and a more than two-fold increase in chl-c (0.103 ug L -1 versus 0.046 ug L -1 ), particularly in Listel (p=0.039) and Bouzigues (p=0.0003).

Flow cytometry data showed an effect of the year factor on cells smaller than 3 µm (Fig. ).

Abundances of picoeukaryotes (<3 μm) (Supplementary Table 10), picocyanobacteria (<1 μm) (Supplementary Table 11 and12) and bacteria (Supplementary Table 14) were higher in 2019 than in 2017. However, nanophytoplankton (3-20 μm) abundances decreased by 39% in 2019 (Supplementary Table 13). The abundance of total heterotrophic flagellates did not vary significantly among sites or between years, mean value 2 866 ± 291 cell mL -1 . Dinoflagellate and diatom abundances were affected by the year factor (df=1 and 35, pseudo-F=5.64, p=0.023), total values decreased by 60% in 2019 compared to 2017. These variations were linked to a 93% decrease in Chaetoceros abundance from 184 715 ± 66 846 to 12 483 ± 3 540 cells L -1 (Simper contribution: 77%, df=1 and 35, pseudo-F=8.73, p=0.0001) and a decrease that led to the disappearance of Skeletonema in Listel and Meze between 2017 and 2019. Diatom taxa were fewer in number at all sites sampled in 2019 with a maximum of 13 compared to 21 taxa identified in 2017. A marked increase in Pseudo-nitzschia (19 920 ± 10 513 to 50 562 ± 13 652 cells L -1 ) with a Simper contribution of 8% and (df=1 and 35, pseudo-F=8.73, p=0.0001), Leptocylindrus (Simper contribution 7%), Thalassionema, and Cylindrotheca (1 837 ± 222 to 18 712 ± 12 010 cells L -1 ) was observed in 2019 compared to 2017. This trend is especially expressed in Bouzigues (Fig. 6). This result also reflects the higher diversity of dinoflagellate taxa observed in 2019 (16 taxa) than in 2017 (12 taxa).

TFA contents in the TPM0.7-20 samples were twice higher in 2019 (19.2 µg mg TPM0.7-20 -1 ) than in 2017 (9.9 µg mg TPM0.7-20 -1 ; df=1 and 61, pseudo-F=17.1, p=0.0002) with no differences among sites and year × site effects. The fatty acid composition of the TPM0.7-20 samples differed between years (df=3 and 76, pseudo-F=3.08, p=0.0001; Fig. S2) and, as determined by the SIMPER analysis, explained 97% of the differences in the levels of 18:1n9, 18:0, 16:1, 18:2n6, 16:0, 14:0, 20:5n3 and 22:6n3. Twenty-six percent of the difference observed between years was related to 18:1n9, a FA that was twice as abundant in 2017 (up to 24.1% of the TFA) compared to 2019. The dissimilarity in the FA profiles observed between years was also explained by higher values of 18:2n6 (representing up to 10.8% of TFA), and EPA (7%) in 2017. 18:2n6 and EPA were, respectively, 11.3% and 5% higher in 2017 than in 2019. The most abundant FAs in the TPM0.7-20 samples in 2019 were 16:1 and DHA which explained, respectively, 13% and 4.3% of the dissimilarity shown by the SIMPER analysis.

Territorial competition by worms

The percent cover of tubeworms (Ficopomatus enigmaticus) on plates in 2019 showed a marked increase in this species. Differences were observed among the sites (df=3 and 33, pseudo-F=157, p=0.0001). Results showed similar cover of tubeworms (93.6 ± 1.5%) in Listel and Bouzigues and a lower cover in Meze (83.2 ± 2.6%) (p < 0.032) and in Marseillan (23.6 ± 3.7%) (p < 0.0001).

DISCUSSION

The aim of this study was to identify the environmental and trophic drivers of the decline in the recruitment of the Pacific oyster, Crassostrea gigas, in association with a heat wave. Our hypothesis that a heat wave has a negative effect on oyster recruitment by altering plankton diversity was confirmed. While oyster recruitment was normal in 2017, an unprecedented failure was observed in summer 2019 in the Mediterranean Thau lagoon. The atmospheric conditions during a heat wave have a strong direct effects on marine and lagoon environments that supply a variety of ecosystem services and valuable host species [START_REF] Sarà | Multiple climatedriven cascading ecosystem effects after the loss of a foundation species[END_REF]. Temperature and salinity conditions are key ecological and physiological factors for Crassostrea larvae (His et al. 1989b, Baldwin & Newell 1995a[START_REF] Devakie | Salinity-temperature and nutritional effects on the setting rate of larvae of the tropical oyster, Crassostrea iredalei (Faustino)[END_REF][START_REF] Troost | Effects of an increasing filter feeder stock on larval abundance in the Oosterschelde estuary (SW Netherlands)[END_REF]. In controlled experimental settings, the entire larval life of C. gigas, including metamorphosis, showed a high tolerance to temperatures ranging from 17 °C to 32 °C at a salinity level of 34, with low mortality (≤10%) and the maximum growth rate at 32 °C [START_REF] Rico-Villa | Influence of food density and temperature on ingestion, growth and settlement of Pacific oyster larvae, Crassostrea gigas[END_REF]). The physiological limits of temperature tolerance were therefore not reached in our experimental conditions and temperature was not the origin of the failure in this case. Salinity did not drop below 38 in either the 2017 or 2019 recruitment season, and intermittently reached more than 40 in 2019. Crassostrea gigas is an estuarine organism that tolerates a wide range of salinity [START_REF] Nell | Effects of Salinity on the Growth and Survival of Sydney Rock Oyster (Saccostrea commercialis) and Pacific Oyster (Crassostrea gigas) Larvae and Spat[END_REF], but no information is available in the literature on the upper salinity tolerance of the larval stage in real conditions. The high salinity in 2019 could represent the physiological salinity threshold for oyster larvae. Our results showed that the larval shell (prodissoconch) at the time of metamorphosis (PII) was smaller in 2019, suggesting a reduction in larval growth or faster achievement of metamorphosis competence in high salinity years. In agreement with [START_REF] Nell | Effects of Salinity on the Growth and Survival of Sydney Rock Oyster (Saccostrea commercialis) and Pacific Oyster (Crassostrea gigas) Larvae and Spat[END_REF] who reported an optimal salinity range for larval growth up to 27 and a very marked growth reductions at 31-39 [START_REF] Nell | Effects of Salinity on the Growth and Survival of Sydney Rock Oyster (Saccostrea commercialis) and Pacific Oyster (Crassostrea gigas) Larvae and Spat[END_REF], the smaller observed PII size could be related to growth limitation under high salinity. Interestingly, these authors reported no significant effect of salinity on larval survival between 19 and 39 but the growth rate of larvae decreased markedly from 30 S [START_REF] Helm | Experiments in the hatchery rearing larvae[END_REF]. Upper tolerance limits of oysters to high salinity ranging from 35 S to 45 S should thus be further tested in the laboratory including interactions with high temperature and different nutritional inputs (His et al. 1989a).

The heat wave that occurred in 2019 resulted in large quantities of particulate matter and chlorophyll biomass, but their quality appeared to be unfavorable for oyster recruitment. The failure of oyster recruitment in 2019 could thus be linked to the change in the phytoplankton community with low abundance of forage diatoms and high abundance of picoplanktonic prokaryotes and eukaryotes, flagellates, and of the diatoms Pseudo-Nitzschia and Cylindrotheca. However, the trophic environment was not characterized by a planktonic community poor in fatty acids, and it was in fact richer than in 2017. Pediveliger larvae accumulated the same quantity of fatty acids in 2019 as in 2017, but metamorphosis failures were observed at all sites. We suggest that this failure may be linked to inappropriate trophic conditions, which in turn, are mainly linked to the size of picoplankton species. These species are poorly retained by the newly developed gills of young metamorphosed juveniles. Except for larvae, the retention efficiency of bivalves for particles < 3-4 µm is low (Baldwin & Newell 1995b[START_REF] Rosa | Selective Capture and Ingestion of Particles by Suspension-Feeding Bivalve Molluscs: A Review[END_REF]. Our results suggest that the overabundance of small particles (picoplanktonic prokaryotes and eukaryotes) could be critical for larval settlement and metamorphosis. Higher chlorophyll biomass was observed in the nanophytoplankton fraction during the heat wave of 2019 than in 2017, indicating changes in the phytoplankton community.

The heat wave was characterized by the increasing abundances of picocyanobacteria [START_REF] Bec | Phytoplankton seasonal dynamics in a Mediterranean coastal lagoon: Emphasis on the picoeukaryote community[END_REF][START_REF] Collos | Oligotrophication and emergence of picocyanobacteria and a toxic dino fl agellate in Thau lagoon , southern France[END_REF], Derolez et al. 2020b) and decreasing abundances of nanophytoplankton. The Thau lagoon began an oligotrophication trajectory in the early 2000s [START_REF] Collos | Oligotrophication and emergence of picocyanobacteria and a toxic dino fl agellate in Thau lagoon , southern France[END_REF], Derolez et al. 2020a). This process caused a community shift due to a reduction in nutrient loads since the 1970s thanks to improved wastewater treatment in the watershed aimed at halting eutrophication (EC 1991a(EC b, 2000)). The reduction in nutrient loads has been amplified by a decrease in total rainfall since the 2000s due to climate change (Derolez et al. 2020a). Our results corroborate evidence that the proportion of small taxa, like picoplankton, in the phytoplankton community, is increasing in coastal, marine and freshwater ecosystems in response to global warming [START_REF] Daufresne | Global warming benefits the small[END_REF][START_REF] Mousing | Global patterns in phytoplankton community size structureevidence for a direct temperature effect[END_REF][START_REF] Pinckney | Phytoplankton community structure and depth distribution changes in the Cariaco Basin between 1996 and 2010[END_REF]. Small phytoplankton cells have been observed to dominate in oligotrophic environments [START_REF] Irwin | Scaling-up from nutrient physiology to the size-structure of phytoplankton communities[END_REF]).

The high temperatures and high salinity in 2019 had a negative impact on trophic conditions for larvae. However, recruitment failure appeared to be more linked to the ecological limitations of the larvae at the time of their metamorphosis than to their physiological state. At the same time, high temperatures and high salinity stimulated the development of the annelid Ficopomatus enigmaticus, triggering a shift in community composition that is destructive for oyster recruitment. We consequently hypothesize that these annelids are important territorial competitors [START_REF] Heiman | Non-native Ecosystem Engineer Alters Estuarine Communities[END_REF][START_REF] Mcquaid | Alien reef-building polychaete drives long-term changes in invertebrate biomass and diversity in a small, urban estuary[END_REF][START_REF] Peria | Tolerance to salinity and thermal stress by larvae and adults of the serpulid annelid Ficopomatus enigmaticus[END_REF] and trophic competitors of oyster larvae [START_REF] Davies | The filtration activity of a serpulid polychaete population Ficopomatus enigmaticus (Fauvel) and its effects on water quality in a coastal marina[END_REF][START_REF] Bruschetti | Grazing effect of the invasive reef-forming polychaete Ficopomatus enigmaticus (Fauvel) on phytoplankton biomass in a SW Atlantic coastal lagoon[END_REF], 2018[START_REF] Pan | Top-Down Effects of an Exotic Serpulid Polychaete on Natural Plankton Assemblage of Estuarine and Brackish Systems in the SW Atlantic[END_REF] in shallow water and brackish habitats.

This study demonstrates, for the first time, an ecological process leading to the recruitment failure of the Pacific oysters due to an extreme heat wave. The oligotrophication trajectory of our study site combined with the effects of high water temperatures promoted variations in the phytoplankton communities that benefit picophytoplankton including cyanobacteria, that are likely unfavorable for the successful larval development of oysters until their juvenile metamorphosis [START_REF] Lagarde | Recruitment of the Pacific oyster Crassostrea gigas in a shellfish-exploited Mediterranean lagoon : discovery, driving factors and a favorable environmental window[END_REF]. The present study thus reveals the ecological limits of the reproductive process of the Pacific oyster in the context of a heat wave in a Mediterranean lagoon. The heat wave phenomenon observed in 2019 severely disrupted the reproductive cycle of oysters in the Thau lagoon. In this context, the oyster nursery function within an oyster farming ecosystem can only be achieved or maintained when pico-, nano-and microphytoplankton communities are present and abundant and oysters can find favorable areas for larval development and optimize their recruitment. This study provides evidence that, in the conditions caused by a heat wave, the ecological limits of Pacific oyster larvae are narrower than their physiological limits. The effects of climate change, particularly the warming of waters in semi-enclosed basins, will certainly lead to problems in larval harvesting in the near futures.

The information presented in this paper should help adapt oyster aquaculture, including husbandry practices, to a future marked by climate change.
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 345 Fig. 3. Physico-chemical monitoring in 2017 (no heat wave) and 2019 (heat wave). (a) Mean temperature (°C ± SE) per year (n = 40), (b) mean salinity (PSU ± SE) per year (n = 40) and per sampling site (n = 20) and (c) mean dissolved oxygen concentration (mg L -1 ± SE) according to the position of the sample in the water column (n = 40) and per year and sampling site (n = 10). Stars indicate significant differences in parameter average per year (* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001). Different letters indicate significant differences between sites according to post hoc multiple comparison tests after PERMANOVA.
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 6 Fig. 6: Heatmap of microphytoplankton genera with changes in abundances in 2017 (no heat wave) and 2019 (heat wave). Average phytoplankton abundance (cells L -1 ) per taxon and sampling site in (a) 2017 (n = 5) and (b) in 2019 (n = 4).
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