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Introduction

Tropical estuaries are characterised by high spatial and temporal variability in the conditions they provide for living organisms, such as temperature, salinity and food resources availability [START_REF] Sousa | Trophic interactions in coastal and estuarine mangrove forest ecosystems[END_REF], which may require and/or provoke physiological changes (i.e. modification of their biochemical composition) in relation to organisms' environment [START_REF] Frolov | Influence of salinity on the biochemical composition of the rotifer Brachionus plicatilis (Muller). Aspects of adaptation[END_REF][START_REF] Romano | Growth, osmoregulatory responses and changes to the lipid and fatty acid composition of organs from the mud crab, Scylla serrata, over a broad salinity range[END_REF]. Fatty acids (FA) are ubiquitous compounds that play major roles in the metabolism of living organisms; being used as energy storage forms, membranes constituents and immune system precursors [START_REF] Bergé | Fatty acids from lipids of marine organisms: molecular biodiversity, roles as biomarkers, biologically active compounds, and economical aspects[END_REF]Barnathan 2005, Budge et al. 2006). These compounds can be used as biomarkers to investigate benthic food webs (Meziane and Tsuchiya 2000, Kelly and Scheibling 2012, David et al. 2019a) and/or to characterise the composition of complex organic matter (OM) matrices (e.g. sediments, suspended particulate organic matter; [START_REF] Aschenbroich | Spatio-temporal variations in the composition of organic matter in surface sediments of a mangrove receiving shrimp farm effluents (New Caledonia)[END_REF], David et al. 2019b). For example, different contributions of the FA 16:1ω7 in mangrove sediments may be used as a proxy for the relative abundance of benthic microalgae among other OM sources [START_REF] Aschenbroich | Spatio-temporal variations in the composition of organic matter in surface sediments of a mangrove receiving shrimp farm effluents (New Caledonia)[END_REF]). Yet, the FA profile of organisms is influenced by diet shift, environmental parameters and contaminants, with potential implications on their metabolic functioning [START_REF] Ahlgren | Fatty Acid Ratios in Freshwater Fish, Zooplankton and Zoobenthos -Are There Specific Optima?[END_REF][START_REF] Xu | Influence of dietary lipid sources on fecundity, egg hatchability and fatty acid composition of Chinese prawn (Penaeus chinensis) broodstock[END_REF].

Other studies revealed that alterations of dietary ω3 polyunsaturated fatty acids (PUFA)/ω6

PUFA ratios and, particularly dietary eicosapentanoic/arachidonic (EPA/ARA) ratios, have strong consequences for eicosanoids metabolism [START_REF] Aguilar | The influence of dietary arachidonic acid on the immune response and performance of Pacific whiteleg shrimp, Litopenaeus vannamei, at high stocking density: ARA influences response to stocking density in shrimp[END_REF]. Imbalance in eicosanoid ratios may affect ionic regulation of cells, stress response and immune system functioning (Tocher andGlencross 2015, Aguilar et al. 2012), suggesting that optimal species-specific PUFA ratios are required to maintain organisms in healthy conditions [START_REF] Sargent | Requirement criteria for essential fatty acids[END_REF][START_REF] Ahlgren | Fatty Acid Ratios in Freshwater Fish, Zooplankton and Zoobenthos -Are There Specific Optima?[END_REF]).

The mud banks of tropical estuaries are commonly colonised with mangrove forests that are adapted to variable levels of salinity and host a high biodiversity. Yet, mangroves are threatened by demographic pressure and land area requirements for food production [START_REF] Richards | Rates and drivers of mangrove deforestation in Southeast Asia, 2000-2012[END_REF]. Human activities associated to these conversions release wastewaters loaded with contaminants such as nutrients, antibiotics, pesticides or trace metals [START_REF] Gräslund | Chemicals and biological products used in south-east Asian shrimp farming, and their potential impact on the environment -a review[END_REF][START_REF] Marcotullio | Urban water-related environmental transitions in Southeast Asia[END_REF][START_REF] Nguyen | Nutrient dynamics and eutrophication assessment in the tropical river system of Saigon -Dongnai (southern Vietnam)[END_REF][START_REF] Vivier | Fatty acids, C and N dynamics and stable isotope ratios during experimental degradation of shrimp pond effluents in mangrove water[END_REF]. Such compounds may also affect the biochemical composition of exposed living organisms (especially their lipid composition), with contrasting response depending on the stressor and the species considered [START_REF] Filimonova | Fatty acid profiling as bioindicator of chemical stress in marine organisms: a review[END_REF], Kowalczyk-Pecka et al. 2016[START_REF] Silva | Fatty acid profile of the sea snail Gibbula umbilicalis as a biomarker for coastal metal pollution[END_REF]. Mangrove ecosystems are assumed to act as efficient biofilters, trapping contaminants before the water is transferred into the ocean (Robertson and Philips 1995[START_REF] Marchand | The partitioning of transitional metals (Fe, Mn, Ni, Cr) in mangrove sediments downstream of a ferralitized ultramafic watershed (New Caledonia)[END_REF][START_REF] Thanh-Nho | Trace metals partitioning between particulate and dissolved phases along a tropical mangrove estuary (Can Gio, Vietnam)[END_REF]). However, how anthropogenic pressures (i.e.

wastewater releases) affect both faunal communities (i.e. fitness) of exposed mangrove ecosystems and the benefits they provide to human populations is yet to be explored.

The Can Gio mangrove, formed by a deltaic confluence that drains about 12% of the total terrestrial area of Vietnam [START_REF] Ringler | Water allocation and use in the Dong Nai River Basin in the context of water institution strengthening. Integrated Water-resources Management in a River-basin Context: Institutional Strategies for Improving the Productivity of Agricultural Water Management[END_REF], is located at the downstream end of Ho Chi Minh City (HCMC). It receives wastewaters from the biggest city of Vietnam (Nguyen et al. 2019, Taillardat et al. accepted) and from intense shrimp farming activities located at the upstream border of the mangrove (i.e. transition area; [START_REF] Anh | Water pollution by intensive brackish shrimp farming in south-east Vietnam: causes and options for control[END_REF][START_REF] Vivier | Fatty acids, C and N dynamics and stable isotope ratios during experimental degradation of shrimp pond effluents in mangrove water[END_REF].

We examined the FA profiles of four benthic species widely distributed in the Can Gio mangrove and covering a large array of trophic groups [START_REF] Tuan | Can Gio Mangrove Biosphere Reserve[END_REF].

The varunid crab

Metaplax elegans is known to feed essentially on microphytobenthos [START_REF] Bouillon | Primary producers sustaining macroinvertebrate communities in intertidal mangrove forests[END_REF][START_REF] Tue | Food sources of macro-invertebrates in an important mangrove ecosystem of Vietnam determined by dual stable isotope signatures[END_REF], David et al. 2019a). The mangrove murex snail Chicoreus capucinus is a predator feeding on other molluscs [START_REF] Tan | Mudflat predation on bivalves and gastropods by Chicoreus capucinus (Neogastropoda: Muricidae) at Kungkrabaen Bay, Gulf of Thailand[END_REF], David et al. 2019a), the neritid snail Nerita balteata has been identified as feeding on a combination of mangrove tree leaves and biofilms (David et al. 2019a) and the penaeid shrimp Metapenaeus ensis is mostly feeding on particulate organic matter and meiofauna [START_REF] Stoner | Food pathways associated with penaeid shrimps in a mangrove-fringed estuary[END_REF]Zimmerman 1988, David et al. 2019a).

We postulated that: (1) the nutritional quality of organism food sources was affected by season, anthropogenic pressure and/or distance to the ocean coast within the Can Gio mangrove;

(2) the FA composition of benthic species varied as a response to their food sources FA profiles and/or anthropogenic pressure. For one species (Nerita balteata) we were interested in retracing biosynthetic pathways of FA during a starvation experiment.

Starvation is actually expected to deplete dietary FA and increase the relative contributions of terminal products of the biosynthetic pathways of FA [START_REF] Hall | Fatty acids as trophic tracers in an experimental estuarine food chain: Tracer transfer[END_REF]. Studying FA metabolism will contribute to understand organisms' vulnerability to external stressors, such as changes in food resources, varying environmental parameters and/or exposition to contaminants.

Materials and methods

Study site

The Can Gio mangrove (Southern Vietnam, 10°N conflict (1955-1975), the forest is dominated by mature trees of the species Rhizophora apiculata, providing relatively homogeneous habitats and promoting a wide spatial distribution of benthic animal species.

Organisms were sampled along the salinity gradient of the Can Gio mangrove estuary, from the downstream end of HCMC to the South China Sea coast, and around a tidal creek located in the core protected area of the mangrove and considered as a reference site preserved from anthropogenic pressures (Fig. 1). The four sites were located: 1) at the transition area between HCMC and the mangrove (10°34'19"N 106°50'11"E); 2) in the centre of the mangrove protected core (10°31'04"N 106°53'13"E); 3) near the outlet to the South China Sea (10°29'32"N 106°56'55"E); R) at the end of a 1,400 m long mangrove tidal creek (10°30'24"N 106°52'57E) not directly connected to the main estuarine channel. The estuary is about 600 m wide with a depth ranging from 10 to 20 m, leading to steep eroded banks and similar habitat characteristics at site 1, 2 and 3, while site R presents accretion areas, gentle slope banks and a 30 m wide bordering fringe with pioneer mangrove species before entering the Rhizophora zone. 

Field collections

Flora, fauna and sediments were collected during the dry (January-February) and monsoon (September-October) periods in 2015 at site 1, 2 and 3, and only during the monsoon period at the reference site (R). At site R, the salinity range (16)(17)(18)(19)(20)(21)(22)(23) was between that of site 2 (13-19) and site 3 (17-25). Study site characteristics were previously detailed in David et al. (2019aDavid et al. ( , 2019b)). Samples were collected in four replicates in the main estuarine channel and/or the tidal creek and within the first 60 m of the mangrove forest, in a daily flooded area (the mangrove is of type "overwash forest" according to [START_REF] Odum | The ecology of the mangroves of South Florida: a community profile[END_REF].

Freshly fallen tree leaves and crabs were handpicked on the sediment, gastropods were gathered on mangrove tree roots and shrimps were caught with fishing nets. Sediments were taken from two distinct zones, the flat flooded mangrove forest, overwashed during high tide, and the vertical bordering fringe, eroded by the estuarine water current and retained by mangrove lateral roots. Samples were not available at all sites for all species, but species sampling was not exhaustive and the absence of data for one species at a given site does not necessarily signify that the species was absent from this site. Surface sediment cores (1 cm depth × 2 cm Ø) were sampled on the same habitat where crabs were found. All samples were kept on ice during sampling and stored at -25°C until analysis.

Starvation experiment

A group of neritid snails Nerita balteata gathered at site 1 during the monsoon period was kept alive for the starvation experiment. Snails were placed in the dark without food sources in a 2 L plastic container filled with 1 cm of 0.7 µm filtered estuarine water. After 6, 12 and 20 days of starvation, four individuals were frozen for further analysis of FA. In addition, the water was regularly changed and vacuum-filtered through pre-combusted and pre-weighted glass fibre filters (Whatman GF/F 0.7 μm) to recover snail faeces.

Sample processing

Collected material was freeze-dried and powdered before analysis. Each statistical sample consisted in one surface sediment core, one tree leave, the tissues of one animal or one filter with snail faeces. For crabs, both hepatopancreas and muscles taken from the claw were analysed, for shrimps only muscles were taken and for gastropods, the entire organism was removed from its shell and homogenised. Additionally, only male crabs were analysed to avoid risks of variability in fatty acid composition due to egg development.

Lipids were extracted following a slightly modified protocol of [START_REF] Bligh | A rapid method of total lipid extraction and purification[END_REF], as described in [START_REF] Meziane | Interspecific and geographical variations in the fatty acid composition of mangrove leaves: implications for using fatty acids as a taxonomic tool and tracers of organic matter[END_REF]. Lipids were extracted using 100 mg of dry material for tree leaves, 30 mg for animal tissues, 3 to 15 mg for snail faeces and 1 g for sediments.

Tricosanoic acid (23:0) was used as an internal standard to measure the absolute FA concentration of samples. Fatty Acid Methyl Esters (FAME) were quantified by gas chromatography analysis (Varian 3800-GC), using a flame ionization detector (David et al. 2019b). Identification of fatty acids was performed using coupled gas chromatography mass spectrometry (Varian 450-GC; Varian 220-MS), and comparison of GC retention times with commercial standards (Supelco® 37 component FAME mix and marine source polyunsaturated FAME n°1 mix). Values were reported as % of total FA or absolute concentrations (μg mg -1 ).

Data analysis

Proportions and ratios of FA biomarkers in field-collected animals were compared using non-parametric Kruskal-Wallis rank tests due to low amount of data (usually 4 per group). When significant p-value was found, differences between groups were assessed using Wilcoxon pairwise comparisons (α = 5%). Temporal variations in single FA of snails submitted to starvation experiment were assessed using linear regression analysis and residuals distributions were tested by Shapiro-Wilk normality test (α = 5%). Full FA profiles of snails submitted to starvation experiment and their faeces were compared using non-metric multi-dimensional scaling (NMDS) based on Bray-Curtis similarity matrix. All statistical analyses and graphical representations were performed using R 3.3.3 (R Core Team 2017).

Results

Fatty acids in surface sediments and tree leaves

Fatty acid profiles of freshly fallen tree leaves revealed a dominant contribution of saturated fatty acids (SFA = 50.6%) and polyunsaturated FA (PUFA = 40.0%), essentially C18 PUFA (18:2ω6 + 18:3ω3 = 39.5%; Table 1). Sediment samples were also dominated by SFA (55.4 and 46.9%, respectively for bordering fringe and mangrove forest zones) but exhibited low contribution of PUFA (6.8 and 5.8%). Branched FA (BrFA) and FA 16:1ω7 were found in important proportions in sediments (BrFA = 16.6 and 23.8%; 16:1ω7 = 8.1 and 5.5%, respectively) while they were absent or nearly absent from tree leaves (Table 1). Complete fatty acid compositions of potential food sources have been provided in Supplementary Material. Proportions of the FA 16:1ω7 in bordering fringe sediment were significantly affected by site location and/or season while no difference was evidenced in mangrove forest sediment and Rhizophora tree leaves (Table 2). The ω3/ω6 ratios in these leaves were not affected by site location and/or season but significant differences were observed in total concentration of FA (Table 2). Other FA biomarkers in sediments were significantly affected by site location and/or season (Table 2) but their response did not show a trend related to the salinity gradient (details not showed). ensis and N. balteata (Table 2). Differences show a similar significant trend in both affected species with higher proportions of the FA 16:1ω7 close to the upstream end of the mangrove forest (Site 1) and lower values close to the South China Sea (Site 3) or at the reference site (Fig. 2b, 2c and 3a). Both HUFA proportions and EPA/ARA ratios were impacted by sampling site location and/or season in C. capucinus (Table 2). Lower HUFA proportions and higher EPA/ARA ratios were observed at the sites directly exposed to anthropogenic wastewaters (1, 2 and 3) compared to site R during the wet season (Fig. 3b and 3c). Ratios of ω3/ω6 FA and EPA/ARA were affected by site location in both tissues of M.

elegans, with a similar trend than observed for the EPA/ARA ratios in C. capucinus, showing increasing values from the upstream end of the mangrove to the outlet to the South China Sea or at site R (Fig. 4). No FA biomarkers in the tissues of M. ensis and N. balteata exhibited a significant difference according to season and/or sampling site (Table 2). Fatty acid profiles of the neritid snail Nerita balteata revealed lower proportions of PUFA in faeces compared to snail tissues (<20% vs. >40%; Table 3) and higher proportions of BrFA (>12.8% in faeces vs. <3.4% in tissues; Table 3). During starvation, total concentration of FA rapidly dropped from 44.6 ± 16.9 mg g -1 at D0 to 26.5 ± 8.8 mg g -1 at D6 (i.e. after 6 days) and remained roughly constant until the end of the experiment, reaching 25.2 ± 10.8 mg g -1 at D20 (Table 3). Composition of snail tissues displayed increasing proportions of FA 18:0, 20:1ω11, 20:4ω6 and 22:2ω9, while it exhibited decreasing proportions of FA 16:0, 18:1ω9, 18:2ω6, 20:2ω6 and 20:3ω6 (Table 4). Faeces displayed increasing proportions of FA 16:1ω5 and 18:1ω7 during starvation, and decreasing proportions of FA 24:0, sum of SFA, FA 17:1ω9, 20:1ω9, 18:2ω6, 18:3ω3 and 20:2ω9 (Table 4). 4.4 ± 0.4 3.2 ± 1.0 2.5 ± 0.5 3.0 ± 0.6 5.4 ± 0.7 4.5 ± 0.9 5.1 ± 0.3 18:1ω7 5.9 ± 0.7 5.7 ± 0.9 4.4 ± 0.9 4.6 ± 1.5 9.6 ± 0.1 11.5 ± 0.7 15.0 ± 3.8 20:1ω11

5.1 ± 0.8 9.1 ± 2.2 10.2 ± 1.9 9.2 ± 2.0 5.5 ± 0.8 3.5 ± 0.3 3.7 ± 0.5 20:1ω9

1.3 ± 0.2 1.0 ± 0.2 0.9 ± 0.2 1.0 ± 0.3 1.2 ± 0.4 0.7 ± 0.0 0.5 ± 0.2 20:1ω7 0.5 ± 0.2 0.5 ± 0.2 0.6 ± 0.1 0.7 ± 0.2 0.6 ± 0.2 0.9 ± 0.4 0.5 ± 0. 15.6 ± 3.9 9.9 ± 1.5 8.3 ± 1.5 7.2 ± 1.4 7.8 ± 0.9 3.3 ± 0.6 2.0 ± 0.5 18:3ω3 2.1 ± 1.2 1.3 ± 0.8 1.2 ± 0.7 0.8 ± 0.5 0.8 ± 0.3 0.3 ± 0.1 0.2 ± 0.1 20:2ω9 0.9 ± 0.8 0.6 ± 0.8 0.4 ± 0.4 1.2 ± 0.8 0.5 ± 0.1 0.3 ± 0.0 0.2 ± 0.0 20:2ω6 1.5 ± 0.3 1.3 ± 0.3 1.3 ± 0.5 0.9 ± 0.2 0.9 ± 0.4 0.7 ± 0.3 0.5 ± 0.2 20:3ω6 0.9 ± 0.2 0.7 ± 0.2 0.6 ± 0.1 0.4 ± 0.1 0.3 ± 0.1 0.3 ± 0.1 0.3 ± 0.2 20:4ω6 12.4 ± 1.6 18.9 ± 5.5 22.7 ± 5.1 20.4 ± 5.3 3.0 ± 0.1 3.2 ± 0.8 3.7 ± 0.5 20:5ω3

2.1 ± 0.4 2.2 ± 0.9 2.5 ± 0.7 2.1 ± 0.5 0.8 ± 0.4 1.0 ± 0.7 0.7 ± 0.3 22:2ω9 (NMI) 2.5 ± 0.8 4.1 ± 1.3 4.5 ± 1.4 5.1 ± 1.1 2.1 ± 0.6 1.5 ± 0.1 1.6 ± 0.2 22:3ω6 0.5 ± 0.2 1.0 ± 0.4 1.1 ± 0.3 1.0 ± 0.3 0.3 ± 0.0 0.2 ± 0.0 0.2 ± 0.0 22:4ω6 2.7 ± 0.5 3.1 ± 0.7 3.3 ± 0.9 3.5 ± 0.6 0.4 ± 0.0 0.6 ± 0.3 0.6 ± 0.3 22:5ω3 0.6 ± 0.4 0.6 ± 0.1 0.9 ± 0.5 0.6 ± 0.1 0.2 ± 0.2 0.4 ± 0.4 0.2 ± 0.1 ∑PUFA 44.2 ± 3.0 45.6 ± 5.9 48.2 ± 4.3 45.3 ± 3.9 18.7 ± 1.7 13.8 ± 4.1 11.9 ± 1.7 Branched 15:0iso 0.5 ± 0.3 0.7 ± 0.3 0.7 ± 0.2 0.7 ± 0.4 5.8 ± 1.2 16.5 ± 0.7 16.7 ± 3.4 15:0anteiso 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.1 1.0 ± 0.1 1.3 ± 0.2 1.0 ± 0.2 16:0iso 0.9 ± 0.1 1.0 ± 0.4 1.2 ± 0.4 1.1 ± 0.4 3.1 ± 1.2 2.0 ± 0.1 2.0 ± 0.6 17:0iso 0.8 ± 0.1 0.7 ± 0.1 0.8 ± 0.1 0.9 ± 0.1 1.7 ± 0.2 1.8 ± 0.1 2.0 ± 0.6 ∑BrFA 2.9 ± 0.2 3.0 ± 0.6 3.3 ± 0.4 3.4 ± 1.0 12.8 ± 0.2 22.4 ± 0.8 22.4 ± 2.6 Other minor FA 4.0 ± 1.6 3.1 ± 1.9 2.7 ± 1.3 3.5 ± 1.5 5.0 ± 2.1 4.8 ± 1.8 3.5 ± 1.5 ∑FA (mg g -1 )

44.6 ± 16.9 26.5 ± 8.8 24.0 ± 6.1 25.2 ± 10.8 6.2 ± 2.3 13.5 ± 1.6 14.3 ± 7.1 The NMDS ordination of FA compositions of snail faeces and tissues segregated both materials on the first axis of the analysis and revealed temporal trends on the second axis (Figure 5). Scores of FA on the first axis confirmed the higher proportions of SFA and BrFA in snail faeces and the higher proportions of PUFA in snail tissues. Scores of FA on the second axis revealed higher proportions of C16 and C18 PUFA at the beginning of the starvation experiment and higher proportions of longer chain PUFA (C20 and C22) at the end of the experiment (Figure 5). During the dry season, the higher proportions of the FA 16:1ω7 at site 1 (i.e. upstream) in bordering fringe sediments suggest enhanced autotrophic production compared to sites 2 and 3 (i.e. downstream; Fig. 2a). This higher microalgae (i.e. diatoms) relative abundance is likely to be induced by the uptake of nutrients originating from upstream waters, whose concentrations could have been notably increased by the release of shrimp farm effluents [START_REF] Anh | Water pollution by intensive brackish shrimp farming in south-east Vietnam: causes and options for control[END_REF], and/or wastewaters from HCMC urban canals (Nguyen et al. 2019, Taillardat et al. accepted). The absence of such trend during the wet season suggests that inputs were more homogeneously distributed and diluted along the salinity gradient due to higher water discharge. Within the mangrove forest (i.e. the flat daily flooded area located a few meters away from the waterway banks), the absence of spatial and seasonal differences in terms of relative proportions of 16:1ω7 in the sediments (Table 2) is probably due to high toxic tannin content of litter and light limitation, regulating surface sediment primary production [START_REF] Alongi | Zonation and seasonality of benthic primary production and community respiration in tropical mangrove forests[END_REF].

Proportions of the FA 16:1ω7 in tissues of the varunid crab Metaplax elegans, a direct consumer of microphytobenthos (David et al. 2019a), reflected the observations made for bordering fringe sediments (Fig. 2). Yet, differences in relative proportions of 16:1ω7 among locations and seasons were even clearer than for sediments, with significant differences between all sites. Proportions were highest at site 1 (i.e. upstream) and lowest at the reference site (Fig. 2b and2c). It confirms the ingestion of sediments by the crabs as shown by the FA compositions of their hepatopancreas, and, ultimately the storage of these lipid compounds in the muscles. Differences in proportion of the FA 16:1ω7 suggest that consumers may be more integrative and discriminating in tracking the influence of food quality on trophic webs than the nature of available food sources. However, other factors may interfere with diet to determine the FA composition of animal tissues, such as gonadal development [START_REF] Xu | Biochemical composition dynamics of the ovaries and hepatopancreas at different physiological stages of the female marine crab, Charybdis japonica[END_REF], water salinity [START_REF] Long | Salinity can change the lipid composition of adult Chinese mitten crab after long-term salinity adaptation[END_REF] or water temperature [START_REF] Sjoboen | Temporal Fluctuations of Fatty Acids in Pachygrapsus crassipes from Southern California[END_REF]) that would need to be accounted for to assess seasonal trends.

Differences in 16:1ω7 relative contributions were also observed in the mangrove murex snail

Chicoreus capucinus (Fig. 3a) even though it feeds neither on microphytobenthos nor on M.

elegans (David et al. 2019a). This suggests that the nutritional quality of food sources affect not only their direct consumers (e.g. M. elegans) but also higher trophic levels of the food web (e.g. C. capucinus).

Metabolically implied fatty acids in consumers

Differences in both ω3/ω6 and EPA/ARA ratios of M. elegans and C. capucinus indicate that both species are subject to metabolic differences related to the salinity gradient and/or the anthropogenic pressures (Fig. 3c and4). In studies comparing fatty acid composition of wild vs. cultured aquatic species, it has generally been observed that EPA/ARA ratios were higher in cultured species [START_REF] Dunstan | Effect of diet on the lipid composition of wild and cultured abalone[END_REF][START_REF] David | A worldwide reliable indicator to differentiate wild vs. farmed Penaeid shrimps based on 207 fatty acid profiles[END_REF]). Such differences are mainly due to lower proportions of ARA in cultured species [START_REF] Ahlgren | Fatty Acid Ratios in Freshwater Fish, Zooplankton and Zoobenthos -Are There Specific Optima?[END_REF]). These lower proportions may be due to a diet rich in EPA and docosahexaenoic acid (DHA; 22:6ω3) and depleted in ARA [START_REF] Ahlgren | Fatty Acid Ratios in Freshwater Fish, Zooplankton and Zoobenthos -Are There Specific Optima?[END_REF], but can also be induced by the release of ARA from phospholipids for the synthesis and secretion of prostaglandins in response to a stressor [START_REF] Van Anholt | Dietary supplementation with arachidonic acid in tilapia (Oreochromis mossambicus) reveals physiological effects not mediated by prostaglandins[END_REF]). Most studies have been conducted on fishes and little is known regarding invertebrate species. However, this phenomenon has been suggested to occur in shrimps for which a supplementation with ARA in the diet could minimise the stress response and enhance some intermediaries of the immune system, such as clotting and respiratory burst [START_REF] Aguilar | The influence of dietary arachidonic acid on the immune response and performance of Pacific whiteleg shrimp, Litopenaeus vannamei, at high stocking density: ARA influences response to stocking density in shrimp[END_REF]). Higher EPA/ARA ratios in tissues of the varunid crab M. elegans in sites closer to the sources of anthropogenic effluents (HCMC and shrimp ponds) suggest that differences may be caused by contaminants, even though it would not be possible to link this response to a particular compound without experimental trials.

Higher R is between that of sites 2 and 3, such differences could not be related to this abiotic parameter in our study, as previously observed in other species [START_REF] Frolov | Influence of salinity on the biochemical composition of the rotifer Brachionus plicatilis (Muller). Aspects of adaptation[END_REF][START_REF] Romano | Growth, osmoregulatory responses and changes to the lipid and fatty acid composition of organs from the mud crab, Scylla serrata, over a broad salinity range[END_REF][START_REF] Long | Salinity can change the lipid composition of adult Chinese mitten crab after long-term salinity adaptation[END_REF]. Lower HUFA proportions in C. capucinus sampled close to the main estuarine channel might thus be induced by anthropogenic stressors, whether they are directly affecting C. capucinus, or the organisms these snails are feeding on. Nevertheless, seasonal differences suggest that the influence of these stressors was lower during the dry season, as suggested by lower proportions of 16:1ω7, higher proportions of HUFA and lower EPA/ARA ratios (Fig. 3). Previous studies have shown that the FA composition of the gonadal tissue of prawns affect fecundity and egg hatchability [START_REF] Xu | Influence of dietary lipid sources on fecundity, egg hatchability and fatty acid composition of Chinese prawn (Penaeus chinensis) broodstock[END_REF], suggesting that alterations of FA profiles of organisms in the wild may affect their reproductive success. Yet, further studies would be required to evaluate in which terms changes in the FA ratios of organisms may disturb the mangrove food web.

Biosynthetic pathways of fatty acids in Nerita balteata

The absence of spatial and/or seasonal alterations in the fatty acid profiles of the penaeid shrimps Metapenaeus ensis (Table 2) may be due to their mobility within the mangrove and their known seasonal changes in food resources [START_REF] Stoner | Food pathways associated with penaeid shrimps in a mangrove-fringed estuary[END_REF], allowing them to easily adapt their FA composition to stressors. The neritid snail Nerita balteata also had its fatty acid profile unaltered by external stressors (Table 2) despite the low mobility of this species. However, changes in the FA composition of N. balteata during starvation may explain why external stressors have no detectable impact on the gastropod FA compositions.

The steep decrease of 18:2ω6 in both tissues (15.6 ± 3.9 % at D0 to 9.9 ± 1.5 % after 6 days of starvation) and faeces (7.8 ± 0.9 % at D02-D03 to 3.3 ± 0.6 at D06-D07; Table 3) of N.

balteata during the first days of starvation indicates that this FA is an important component of the snail food resources and that it is rapidly excreted and/or converted following its ingestion. The 18:2ω6 decrease, associated to a diminution of the FA 20:2ω6 and 20:3ω6 and an increase of the FA 20:4ω6 (ARA) shows a biosynthetic pathway previously identified in other molluscs such as clams or cephalopods [START_REF] Monroig | Biosynthesis of polyunsaturated fatty acids in marine invertebrates: Recent advances in molecular mechanisms[END_REF]. High relative proportions and a rapid increase of ARA during starvation suggest that this metabolic pathway is particularly important in N. balteata (Table 3 and Fig. 5).

Other pathways are highlighted using temporal variations in FA profiles during starvation. The FA 20:1ω11 is produced as a result of the elongation of saturated fatty acids to 18:0 or 20:0, and desaturation using the enzyme Δ9 desaturase (Fig. 6). However, this FA is not further elongated to 22:1ω11 in N. balteata, unlike what has been observed in calanoid copepods [START_REF] Kattner | Polar herbivorous copepods-different pathways in lipid biosynthesis[END_REF]. The biosynthesis of FA 22:2ω9 has been evidenced in marine bivalves using 18:1ω9 as precursor, further chain elongation, and desaturation using the enzyme Δ5 desaturase [START_REF] Zhukova | The pathway of the biosynthesis of non-methylene-interrupted dienoic fatty acids in molluscs[END_REF]. This pathway leads to the production of non-methylene interrupted FA (NMI), which are unusual unsaturated fatty acids in that their double bonds are separated by more than one methylene group. The unusual double bond positions in NMI FA are considered to confer cell membranes a higher resistance to oxidative processes and microbial lipases than the common PUFA [START_REF] Barnathan | Non-methylene-interrupted fatty acids from marine invertebrates: occurrence, characterization and biological properties[END_REF][START_REF] Zhukova | Lipids and fatty acids of nudibranch mollusks: potential sources of bioactive compounds[END_REF]. Thus, gastropods might be more resistant to anthropogenic stressors than other groups of invertebrates because of specific biosynthesis pathways of FA with metabolic function. 

Conclusion

Among the four benthic species studied, two exhibited spatial changes in their fatty acid compositions that can be related to either the salinity gradient and/or to anthropogenic pressures (M. elegans and C. capucinus). The FA composition of M. elegans might be impacted by changes in its diet induced by higher relative abundance of benthic microalgae close to upstream inputs (those naturally brought by the watershed and mixed with anthropogenic wastewaters) enhancing the proportions of FA 16:1ω7 in both hepatopancreas and muscles of this crab. The mangrove murex snail C. capucinus shows that the FA compositions of predators are affected by the studied gradient, with increasing proportions of FA 16:1ω7 in its tissues, decreasing proportions of HUFA and increasing EPA/ARA ratios. Thus, the consequence of the very likely influence of upstream inputs on organisms' FA composition is transferred within trophic webs. Yet, partitioning the anthropogenic vs. naturally occurring upstream inputs influence on OM quality is still a challenge. Its mobility within the mangrove and natural seasonal changes in food resources of the penaeid shrimp Metapenaeus ensis probably prevented spatial and/or temporal gradients in its FA composition. Finally, the neritid snail Nerita balteata might be less sensitive to anthropogenic stressors due to the synthesis of non-methylene interrupted FA, conferring cell membranes a higher resistance. Further studies would be required to evaluate in which terms changes in their FA ratios affect health condition of organisms and how these changes may disturb the mangrove food web. Nevertheless, our study highlights the prospect of using the fatty acid composition of sentinel organisms as a bioindicator tool to assess the health of mangrove ecosystems.

7.

Fig. 1 :

 1 Fig. 1: Map of the sampling area in the Can Gio mangrove biosphere reserve (Southern Vietnam). Numbers 1, 2 and 3 indicate the sampling sites along the main estuarine channel and R indicates the reference site located in the near-pristine area

Fig. 2 :

 2 Fig. 2: Proportions of the FA 16:1ω7 in sediments and tissues of the sesarmid crab Metaplax elegans (± SD): a) sediments; b) claw muscles; and c) hepatopancreas. Letters indicate significant differences as revealed by pairwise Wilcoxon comparisons following a Kruskal-Wallis significance test (α = 5%; n = 4 for all conditions). n.f = species not found

Fig. 3 :Fig. 4 :

 34 Fig. 3: Fatty acids in tissues of the mangrove murex snail Chicoreus capucinus (± SD): a) proportions of the FA 16:1ω7, b) proportions of highly unsaturated fatty acids (HUFA), and c) ratios of eicosapentanoic acid/arachidonic acid (EPA/ARA). Letters indicate significant differences as revealed by pairwise Wilcoxon comparisons following a Kruskal-Wallis significance test (α = 5%; n = 4 for all conditions). n.f = species not found

  Table3: FA compositions of tissues and faeces of the neritid snail Nerita balteata during the starving experiment. Only FA displaying an average proportion greater than 0.8% within at least one group

Fig. 5 :

 5 Fig. 5 : Non-metric multidimensional scaling of individual fatty acid proportions (%) in tissues and faeces of Nerita balteata. FA displaying an average proportion greater than 0.8% within at least one group of samples are highlighted in bold. Increasing dark intensity refer to increasing time of starvation

  proportions of HUFA in tissues of C. capucinus sampled in the more preserved mangrove zone (R) may reveal lower anthropogenic pressure on the food web compared to the main estuarine channel. C. capucinus has actually been reported as a "macroconcentrator" of trace metals due its predatory behaviour (Thanh-Nho et al. 2019) and excessive concentrations of these minor elements, possibly originating from anthropogenic releases (Thanh-Nho et al. 2018), might affect its lipid metabolism. Indeed, in an experimental study involving terrestrial snails Helix pomatia exposed to microdoses of molluscicides, Kowalczyk-Pecka et al. (2016) showed that proportions of HUFA in tissues decreased with increasing concentrations of the stressor. Similarly, Telahigue et al. (2019) measured higher PUFA concentrations in the control specimen of Holothuria forskali compared to individuals exposed to different concentrations of mercury. Since salinity at site

Fig. 6 :

 6 Fig. 6: Major metabolic pathways for the synthesis of FA in the neritid snail Nerita balteata. Vertical arrows represent elongation and horizontal arrows correspond to desaturation processes with corresponding Δ desaturase enzyme. The relative contribution of FA highlighted in bold increased during starvation. The proportion of FA in grey was lower than 0.8% in both muscles and faeces and non-bold FA showed decreasing contributions to the pool of FA during starvation. Values between parentheses indicate the average proportion of corresponding FA measured in snail tissues after 20 days of starvation

  and 106 o -107 o E) is formed by the deltaic confluence of the Saigon, Dong Nai and Vam Co Rivers. It covers an area of 35 000 ha, accounting for 20% of Vietnam mangroves (Tuan and Kuenzer 2012). Its high biodiversity and its social importance, being considered as the "green lung" of Ho Chi Minh City, conducted UNESCO to designate Can Gio mangrove as the first mangrove biosphere reserve in Vietnam (UNESCO/MAB Project 2000). Due to massive replanting after the Vietnam War

Table 1 :

 1 Average FA compositions of potential food sources and organisms sampled for the study

	Fatty acids (%)	Sediment Bordering fringe (n = 28)	Sediment Mangrove forest (n = 28)	Rhizophora apiculata Brown leaves (n = 28)	Chicoreus capucinus (n = 20)	Metapenaeus ensis (n = 20)	Metaplax elegans (n = 20) Claw muscle	Metaplax elegans (n = 20) Hepatopancreas	Nerita balteata (n = 24)
	∑ Saturated FA	55.4 ± 6.6	46.9 ± 3.7	50.6 ± 4.7	28.8 ± 3.9	36.1 ± 2.5	36.3 ± 2.9	41.8 ± 3.5	30.3 ± 1.6
	∑ Monounsaturated FA	21.2 ± 5.1	23.5 ± 3.1	9.4 ± 3.4	24.7 ± 6.1	19.8 ± 2.0	17.3 ± 1.7	21.6 ± 1.8	23.5 ± 3.6
	16:1ω7	8.1 ± 3.5	5.5 ± 1.5	0.3 ± 0.1	4.8 ± 2.9	4.5 ± 1.3	6.6 ± 2.6	14.0 ± 4.4	1.8 ± 0.7
	∑ Polyunsaturated FA	6.8 ± 2.7	5.8 ± 2.0	40.0 ± 4.4	45.5 ± 8.8	40.9 ± 2.4	44.4 ± 3.8	34.8 ± 4.4	43.3 ± 3.2
	∑ C18 PUFA	2.1 ± 0.9	2.1 ± 0.8	39.5 ± 4.6	4.5 ± 1.1	5.7 ± 1.9	4.2 ± 1.5	4.7 ± 2.0	16.5 ± 4.2
	∑ Highlyunsaturated FA	2.6 ± 1.4	2.5 ± 1.1		40.9 ± 7.9	35.0 ± 2.4	38.3 ± 4.3	22.2 ± 4.8	25.5 ± 4.8
	20:4ω6 (ARA)	0.8 ± 0.4	1.3 ± 0.6		14.4 ± 5.2	13.8 ± 3.2	6.2 ± 2.2	5.4 ± 3.1	13.0 ± 3.8
	20:5ω3 (EPA)	1.8 ± 1.1	1.2 ± 0.7		1.4 ± 0.3	10.2 ± 2.4	20.1 ± 2.4	12.2 ± 1.9	2.0 ± 0.7
	∑ Branched FA	16.6 ± 3.8	23.8 ± 2.5		1.0 ± 1.0	3.2 ± 1.0	0.8 ± 0.3	1.8 ± 0.8	2.9 ± 0.7
	∑ Fatty Acids (mg g -1 )	0.3 ± 0.1	0.3 ± 0.1	3.7 ± 2.4	25.5 ± 10.1	31.3 ± 5.8	20.4 ± 7.3		54.4 ± 21.8

Table 2 :

 2 Significance of spatial and seasonal differences on selected FA biomarkers on potential food sources and organisms sampled for the study. Differences that were considered as biologically relevant were highlighted in bold Chicoreus capucinus and for N. balteata) and intermediate values in the penaeid shrimp Metapenaeus ensis (0.74; Table1). As for potential food sources, complete FA compositions of consumers have been provided in Supplementary Material.

	Kruskal-Wallis significance test	FA 16:1ω7	HUFA	ω3/ω6	EPA/ARA	Sum of FA
	Sediment (Bordering fringe)	< 0.01	< 0.05	< 0.05	< 0.05	< 0.05
	Sediment (Mangrove forest)	0.16	< 0.05	< 0.05	< 0.05	0.10
	R. apiculata (Brown leaves)	0.05		0.69		< 0.01
	C. capucinus	< 0.05	< 0.05	0.13	< 0.05	0.05
	M. ensis	0.32	0.06	0.31	0.09	0.33
	M. elegans (Claw muscle)	< 0.01	0.07	< 0.01	< 0.01	0.10
	M. elegans (Hepatopancreas)	< 0.01	0.08	< 0.01	< 0.01	-
	N. balteata	0.24	0.30	0.27	0.84	0.66

HUFA = Highly unsaturated fatty acids; EPA = Eicosapentanoic acid; ARA = Arachidonic acid

4.2. Fatty acids in consumers

Fatty acid profiles of consumers revealed a dominant contribution of PUFA in all species except in the hepatopancreas of the varunid crab Metaplax elegans, dominated by SFA (Table

1

). The hepatopancreas of this crab also exhibited the highest proportions of FA 16:1ω7 (14.0%). The highest proportions of C18 PUFA were found in the neritid snail Nerita balteata (16.5%; Table

1

). Important differences were observed in the EPA/ARA ratio of consumers, with high values in M. elegans (2.3 and 3.2, respectively for hepatopancreas and claw muscles), lower values in gastropods (0.10 and 0.15, respectively for the mangrove murex snail

Table 4 :

 4 Significance of the linear relationship between FA proportions in tissues and faeces of the nertid snail Nerita balteata and starving duration. n.n.d = not normally distributed model residuals

	Linear Model	N. balteata Tissues (n = 16)	N. balteata Faeces (n = 7)
		p.value	Estimate	p.value	Estimate
	Saturated				
	12:0	0.16		0.10	
	14:0	0.43		0.79	
	15:0	0.05		0.46	
	16:0	< 0.05	-0.26	n.n.d	
	17:0	0.43		0.32	
	18:0	< 0.05	0.07	n.n.d	
	24:0	0.08		< 0.01	-0.04
	∑SFA	0.13		< 0.05	-0.44
	Monounsaturated				
	16:1ω7	0.10		0.47	
	16:1ω5	0.27		< 0.01	0.10
	17:1ω9	0.28		< 0.05	-0.04
	18:1ω11	n.n.d		0.09	
	18:1ω9	< 0.05	-0.07	0.82	
	18:1ω7	0.05		< 0.001	0.51
	20:1ω11	< 0.05	0.19	0.09	
	20:1ω9	0.13		< 0.05	-0.04
	20:1ω7	0.10		n.n.d	
	∑MUFA	0.43		0.15	
	Polyunsaturated				
	18:2ω6	< 0.001	-0.39	< 0.05	-0.35
	18:3ω3	n.n.d		< 0.05	-0.04
	20:2ω9	n.n.d		< 0.05	-0.02
	20:2ω6	< 0.05	-0.03	0.07	
	20:3ω6	< 0.001	-0.02	0.44	
	20:4ω6	< 0.05	0.40	0.05	
	20:5ω3	0.94		0.98	
	22:2ω9 (NMI)	< 0.01	0.12	0.24	
	22:3ω6	0.11		0.38	
	22:4ω6	0.08		0.72	
	22:5ω3	n.n.d		0.89	
	∑PUFA	0.61		0.05	
	Branched				
	15:0iso	0.23		0.23	
	15:0anteiso	0.30		0.86	
	16:0iso	0.27		0.62	
	17:0iso	0.38		n.n.d	
	∑BrFA	0.16		n.n.d	
	∑FA (mg g -1 )	< 0.05	-0.88	0.21	
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