Kassandra De Pao Mendonca 
  
Bernard Angeletti 
  
Aurélie Dufour 
  
Carole Borchiellini 
  
Lars-Eric Heimbürger-Boavida 
  
Emmanuelle Renard 
email: emmanuelle.renard@imbe.fr
  
Julien Issartel 
email: julien.issartel@imbe.fr
  
  
  
The sponge Oscarella lobularis (Porifera, Homoscleromorpha) as a suitable biomonitor of metallic contamination in Mediterranean coastal ecosystems

Keywords: Sponge, bioconcentration factors, coralligenous, trace metals

ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

1.Introduction

The Mediterranean Sea is recognized as a major biodiversity hotspot, counting 7% of the global marine species [START_REF] Bianchi | Marine Biodiversity of the Mediterranean Sea : Situation, Problems and Prospects for Future Research[END_REF]European Environment Agency, 2006). During the past century, this area has been exposed to intense anthropic pressure resulting from the increasing population of the Mediterranean-bordering countries. Today, 450 million people live in this area, without counting the important population increase occurring during summer in a world leading tourist destination [START_REF] Lanquar | Tourism in the Mediterranean : Scenarios Up to 2030[END_REF]. As a consequence, agricultural, domestic, commercial, and industrial land-based activities considerably intensified, increasing contaminant inputs onto coastal marine environments via wastewaters, watersheds and atmospheric inputs [START_REF] Danovaro | Pollution threats in the Mediterranean Sea : An overview[END_REF][START_REF] Durrieu De Madron | Marine ecosystems' responses to climatic and anthropogenic forcings in the Mediterranean[END_REF][START_REF] Heimbürger | Impact of atmospheric deposition of anthropogenic and natural trace metals on Northwestern Mediterranean surface waters : A box model assessment[END_REF][START_REF] Heimbürger-Boavida | Trace metal concentrations in the North-western Mediterranean atmospheric aerosol between 1986 and 2008 : Seasonal patterns and decadal trends[END_REF]. Metal contamination, known to impact aquatic communities (size, distribution and density, species richness, composition of community) is a major concern [START_REF] Nogales | Anthropogenic perturbations in marine microbial communities[END_REF][START_REF] Zhou | Biomonitoring : An appealing tool for assessment of metal pollution in the aquatic ecosystem[END_REF][START_REF] Zhu | Evaluation of ecosystem health and potential human health hazards in the Hangzhou Bay and Qiantang Estuary region through multiple assessment approaches[END_REF]. Marseille is the most important city of the French Mediterranean coast with a dense urbanization and important industrial, port and tourism activities. Thus, there is a need to monitor and to map the metallic contamination and to provide reliable bioindicators in order to accurately evaluate the abundance of hazardous metals that could affect coastal marine communities of this area.

Evaluation of metal contamination on marine organisms and ecosystems is often focused on species of commercial interest such as teleosts, decapods, bivalves and sea urchins, partly in order to estimate the sanitary risks for consumers or the economic risks of the loss of productivity for fisheries or farms [START_REF] Liu | Heavy metal concentrations in commercial marine organisms from Xiangshan Bay, China, and the potential health risks[END_REF][START_REF] Mille | Trace metal concentrations in the muscle of seven marine species : Comparison between the Gulf of Lions (North-West Mediterranean Sea) and the Bay of Biscay (North-East Atlantic Ocean)[END_REF][START_REF] Penz | A new Orobrassolis butterfly (Nymphalidae, Brassolini) : A casualty of habitat destruction?[END_REF][START_REF] Schuhmacher | Mercury concentrations in marine species from the coastal area of Tarragona Province, Spain. Dietary intake of mercury through fish and seafood consumption[END_REF][START_REF] Zhang | Heavy metal contamination in the marine organisms in Yantai coast, northern Yellow Sea of China[END_REF]. Today, the most widely used bioindicators in the marine environment are bivalves [START_REF] Aly | Metal contamination in water, sediment and biota from a semi-enclosed coastal area[END_REF][START_REF] Augier | Le port de Porquerolles (Îles d'Hyères, Mediterranée, France) II. Contamination par les metaux lourds | Parc national de Port-Cros et Porquerolles[END_REF][START_REF] Beyer | Blue mussels (Mytilus edulis spp.) as sentinel organisms in coastal pollution monitoring : A review[END_REF][START_REF] Gentric | Bioaccumulation of metallic trace elements and organic pollutants in marine sponges from the South Brittany Coast, France[END_REF][START_REF] Lafabrie | Trace metals assessment in water, sediment, mussel and seagrass species-Validation of the use of Posidonia oceanica as a metal biomonitor[END_REF][START_REF] Pérez | In situ comparative study of several Mediterranean sponges as potential biomonitors of heavy metals[END_REF]. Considering the ongoing major biodiversity crisis [START_REF] Ceballos | Accelerated modern human-induced species losses : Entering the sixth mass extinction[END_REF][START_REF] Ceballos | Biological annihilation via the ongoing sixth mass extinction signaled by vertebrate population losses and declines[END_REF][START_REF] Eisenhauer | Recognizing the quiet extinction of invertebrates[END_REF], it is timely to extend our knowledge concerning the impact of anthropic activities on ecosystem contamination by studying a larger set of marine animals [START_REF] Chifflet | Distribution and accumulation of metals and metalloids in planktonic food webs of the Mediterranean Sea (MERITE-HIPPOCAMPE campaign)[END_REF]. To this purpose, several studies investigated metal accumulation in sponges, as being filter feeders and sessile organisms, mainly in Demospongiae and Calcarea [START_REF] Cebrian | Sponges as biomonitors of heavy metals in spatial and temporal surveys in northwestern mediterranean : Multispecies comparison[END_REF][START_REF] Cebrian | Sublethal effects of contamination on the Mediterranean sponge Crambe crambe : Metal accumulation and biological responses[END_REF][START_REF] Hansen | Accumulation of copper, zinc, cadmium and chromium by the marine sponge Halichondria panicea Pallas and the implications for biomonitoring[END_REF][START_REF] Müller | Accumulation of cadmium and zinc in the marine sponge Suberites domuncula and its potential consequences on single-strand breaks and on expression of heat-shock protein : A natural field study[END_REF][START_REF] Patel | Sponge 'sentinel' of heavy metals[END_REF][START_REF] Perez | Effects of 12 years' operation of a sewage treatment plant on trace metal occurrence within a Mediterranean commercial sponge (Spongia officinalis, Demospongiae)[END_REF][START_REF] Pérez | In situ comparative study of several Mediterranean sponges as potential biomonitors of heavy metals[END_REF]. We propose to evaluate for the first time the relevance of a Mediterranean sponge belonging to Homoscleromorpha, Oscarella lobularis (Schmidt, 1862), as bioindicator for metal contamination. Sponges (Porifera) are present in all marine habitats and gather about 9500 described species [START_REF] De Voogd | World Porifera Database[END_REF]. In the Mediterranean Sea, sponges represent more than 12% of marine fauna diversity (the same order as vertebrates) and are one of the main organisms within benthic communities [START_REF] Coll | The Biodiversity of the Mediterranean Sea : Estimates, Patterns, and Threats[END_REF]. The large amounts of water filtered by sponges through their aquiferous system [START_REF] Morganti | Size Is the Major Determinant of Pumping Rates in Marine Sponges[END_REF][START_REF] Weisz | Do associated microbial abundances impact marine demosponge pumping rates and tissue densities?[END_REF] yields to the accumulation of metals present both in the dissolved and particulate phases [START_REF] Caplat | Water quality assessment using a sponge (Hymeniacidon perlevis) as bioindicator-First results of metallic and organic contaminations given by biotests[END_REF][START_REF] Orani | Comparative study on Hg bioaccumulation and biotransformation in Mediterranean and Atlantic sponge species[END_REF][START_REF] Rao | Petrosia testudinaria as a biomarker for metal contamination at Gulf of Mannar, southeast coast of India[END_REF]. Several sponge species have already been used as bioindicators of metal contamination [START_REF] Keren | Sponge-associated bacteria mineralize arsenic and barium on intracellular vesicles[END_REF][START_REF] Khati | Sponges (Porifera) as bioindicator species of environmental stress from de Gulf of Annaba (Algeria)[END_REF][START_REF] Mahaut | The porifera Hymeniacidon perlevis (Montagu, 1818) as a bioindicator for water quality monitoring[END_REF][START_REF] Pan | Sponges and sediments as monitoring tools of metal contamination in the eastern coast of the Red Sea, Saudi Arabia[END_REF]. However, only few studies explored if the accumulation of metals depends on sponge species [START_REF] Orani | Marine sponges as a powerful tool for trace elements biomonitoring studies in coastal environment[END_REF][START_REF] Pérez | In situ comparative study of several Mediterranean sponges as potential biomonitors of heavy metals[END_REF][START_REF] Roveta | Hg Levels in Marine Porifera of Montecristo and Giglio Islands (Tuscan Archipelago, Italy)[END_REF] thereby questioning the relevance of using only one species to monitor a large set of environmental metal contaminants. The number of sponge species for which a convenient set of biological knowledge and experimental tools are available is still limited, making it thus far difficult to use sponges as model organisms for environmental assessment and ecotoxicology.

In this context, Oscarella lobularis (Schmidt, 1862) provides several advantages: i) being abundant in shallow rocky substrates of the north-western Mediterranean Sea, including at the vicinity of the Marseille Metropole and the French Riviera [START_REF] Ereskovsky | The Homoscleromorph sponge Oscarella lobularis, a promising sponge model in evolutionary and developmental biology[END_REF][START_REF] Renard | The Homoscleromorph Sponge, Oscarella lobularis[END_REF]. Oscarella lobularis is part of the coralligenous biocenosis which represents a biodiversity hotspot in Mediterranean ecosystems [START_REF] Bertolino | Diversity of Porifera in the Mediterranean coralligenous accretions, with description of a new species[END_REF][START_REF] Martin | Coralligenous and maërl habitats : Predictive modelling to identify their spatial distributions across the Mediterranean Sea[END_REF];

ii) the taxonomic identification of the species is clear [START_REF] Gazave | No longer Demospongiae : Homoscleromorph sponges revisited by molecular phylogeny, Linnaean classification and the PhyloCode[END_REF][START_REF] Gazave | Systematics and Molecular Phylogeny of the Family Oscarellidae (Homoscleromorpha) with Description of Two New Oscarella Species[END_REF] and the life cycle, development and morphoanatomical organization were deeply studied [START_REF] Ereskovsky | The Homoscleromorph sponge Oscarella lobularis, a promising sponge model in evolutionary and developmental biology[END_REF](Ereskovsky et al., , 2013;;[START_REF] Fierro-Constain | The Conservation of the Germline Multipotency Program, from Sponges to Vertebrates : A Stepping Stone to Understanding the Somatic and Germline Origins[END_REF]; iii) the high regeneration capability [START_REF] Ereskovsky | Oscarella lobularis (Homoscleromorpha, Porifera) Regeneration : Epithelial Morphogenesis and Metaplasia[END_REF] and the high number of buds obtained in vitro by asexual reproduction (Renard et al., 2021;[START_REF] Rocher | The buds of Oscarella lobularis (Porifera) : A new convenient model for sponge cell and developmental biology[END_REF] provide useful replicates for experimental ecotoxicological studies; iv) in addition, both genomic and transcriptomic resources [START_REF] Belahbib | New genomic data and analyses challenge the traditional vision of animal epithelium evolution[END_REF][START_REF] Schenkelaars | Insights into Frizzled evolution and new perspectives[END_REF][START_REF] Vernale | Evolution of mechanisms controlling epithelial morphogenesis across animals : New insights from dissociationreaggregation experiments in the sponge Oscarella lobularis[END_REF] and molecular tools are available for this species [START_REF] Borchiellini | Staining and Tracking Methods for Studying Sponge Cell Dynamics[END_REF][START_REF] Fierro-Constain | The Conservation of the Germline Multipotency Program, from Sponges to Vertebrates : A Stepping Stone to Understanding the Somatic and Germline Origins[END_REF][START_REF] Fierro-Constaín | In Situ Hybridization Techniques in the Homoscleromorph Sponge Oscarella lobularis[END_REF][START_REF] Renard | The Homoscleromorph Sponge, Oscarella lobularis[END_REF][START_REF] Rocher | The buds of Oscarella lobularis (Porifera) : A new convenient model for sponge cell and developmental biology[END_REF]. This is convenient and suitable to perform ecotoxicological experiments at different complementary levels of the biological scale (from morphological, to physiological, cellular, and molecular levels).

The aim of this study was to evaluate the suitability of O. lobularis as a biomonitor of metallic contamination in the Mediterranean Sea. For this purpose, (i) the concentrations of thirteen metals of environmental concern (Li, Al, Ti, Cr, Fe, Ni, Cu, Zn, As, Ag, Cd, Hg, Pb) were measured in individuals sampled at seven locations of the Bay of Marseille, and (ii) the metal concentrations in O. lobularis were compared with six other sponge species, commonly found in sympatry to assess potential interspecific variations. The study sites are characterized by contrasted anthropogenic activities and were used to assess possible links between metal accumulation by these organisms to past and present anthropogenic activities.

Materials and Methods

Sampling strategy

According to the distribution of the homoscleromorph sponge Oscarella lobularis populations, seven sites in the Bay of Marseille (Mejean, Frioul, Prado, Maire, Perez cave, Caramassaigne, Riou) and one site out of the bay (Fourmigues) were selected (Figure 1).

Figure 1

At each site, 3-14 adult individuals and surface sediment were both collected manually by scientific divers at the same depth (Supplementary Data Table 1). Because Maïre Island is a known study site in our laboratory for its large quantities and diversity of sponges species, 2 or 3 individuals of six other sponge species were sampled at this site for comparative purposes: three Desmospongiae (Aplysina cavernicola (Vacelet, 1959) 

Sample preparation and metal measurements

Sponge epibionts were removed with ceramic forceps under a magnifier, organisms were briefly rinsed with distilled water to limit salt crystals, dried on paper towel and then stored at -20°C. For the sediments, after the residual sea water was removed, samples were stored at -20°C. The frozen sponges and sediments were freeze-dried (Heto PowerDry PL3000 freeze dryer, Thermo Scientific). Sediments were sieved to recover the fraction less than 2 mm and sponges were homogenized in an agate mortar.

An Inductively Coupled Plasma Mass Spectrometry (ICP-MS Perkin Elmer NexION® 300X) was used to quantify Li, Al, Ti, Cr, Fe, Ni, Cu, Zn, As, Ag, Cd, and Pb (Supplementary Data Table 2 and 3). Before measurements, 300 mg (dry weight) of each sponge sample were digested (1.5 mL HCl 37% + 1.5 mL HNO3 69% + 0.5 mL H202 30%, quality TMA (Trace Metal Analysis)) and 50 mg (dry weight) of sediment were digested (1.5 mL HCl 37% + 1.5mL HNO3 69% + 0.5 mL HF 40%, quality TMA (Trace Metal Analysis)). The samples were then mineralized with a microwave (UltraWave, Milestone) (20-130°C in 15min -130°C during 10 min -130°C to 210°C in 10 min -210°C during 10 min). Samples were diluted by a factor of 10-50 before analysis by ICP-MS. Procedural blank and a standard sample (corn powder V463, INRAE) were analyzed for each series of mineralization [START_REF] Fehlauer | Uptake patterns of critical metals in alpine plant species growing in an unimpaired natural site[END_REF].

Total Hg measurements were performed on aliquots of about 50 mg dry weight (Supplementary Data Table 3) using atomic absorption spectrometry (AAS, Advanced Mercury Analyzer-254, Altec) equipped with a low Hg optical cell. The method detection limit was 2 pg, calculated as 3 times the standard deviation of the blank samples. The measured values were always within ± 5% of the recommended values of the certified reference materials MESS-4

(marine sediment, National Council of Canada) and DORM-4 (fish protein, National Council of Canada).

Data analyses

Principal Components Analysis (PCA) was performed to highlight the different trends in sponge metal content between sites and species. Because the Shapiro-Wilk and the Bartlett tests (performed in Rstudio) showed that the data do not fit the normality and homoscedasticity criteria, the significance of metal variations was assessed using a nonparametric Kruskal-Wallis analysis, followed by a Dunn post hoc test (p value < 0.05 considered significant). All PCA and statistical analyses were performed using Rstudio open-source edition package (https://www.rstudio.com/).

To calculate the bioconcentration factor (BCF), the metal concentrations found in sponge tissues were compared to the metal concentrations found in sediments sampled at the same sites [START_REF] Pan | Sponges and sediments as monitoring tools of metal contamination in the eastern coast of the Red Sea, Saudi Arabia[END_REF].

Results

Difference in metal contents between Porifera species

3.1.1. Intraspecific variability.

Variability between different individuals of the same species is calculated from the relative standard deviation (RSD) expressed in %. The highest mean variability is found for Cr (49.8%), Pb (30.7%) and Ag (30.3%). Oscarella uberculate has the highest variability in Cr (RSD = 88.7%)

and Ag (RSD = 68.5%) while Agelas oroides has the highest RSD for Pb (60.4%) (Supplementary Data Table 4). In contrast, the lowest variations are observed for As (mean RSD = 13.6%) and Zn (mean RSD = 14.3%). The lowest variability for these two metals is found in Corticium candelabrum with 1.4% for Zn and 3.3% for As.

Interspecific variability.

A principal component analysis (PCA) of metal concentrations in the seven marine sponge species collected in the Maïre site (for more information see Supplementary Data Table 5) was performed (Figure 2). In contrast, Oscarella lobularis, is localized at the center of the PCA. These finding highlights that in contrast to the other species sampled at the Maïre site, O. lobularis displays a more homogenous metal bioaccumulation profile than the other sponges studied here (Figure 2). The bioconcentration factor (BCF) (Supplementary Data Table 6) determines the accumulation capacity of organisms in their tissues [START_REF] Pan | Sponges and sediments as monitoring tools of metal contamination in the eastern coast of the Red Sea, Saudi Arabia[END_REF].

The comparison of the bioconcentration factors between the seven sponges shows that the bioaccumulated metals are often similar (e.g., Cu and As show BCF>1 in all species; Ag and Cd show BCF>1 in all except one species, see Supplementary Data Table 6). In agreement with PCA analysis (Figure 2), figure 3 shows that some metals are much more highly accumulated in some species than in others (for example Ni and Cd in Oscarella uberculate). content with 2460 µg/g (4 times higher than sponges from Fourmigues) and the Maïre site individuals show the highest As concentration (61.5 µg/g dw), 3 times higher than in the ones from Fourmigues (Figure 4A). For the other metals, the variations between sites are slighter. As for other sponges, bioconcentration factor (BCF) for Oscarella lobularis was calculated (Supplementary Data Table 6 for BCF).

BCFs are higher than 1 for Ag, As, Cd, Cu, Ni, Zn, and Hg, meaning that concentrations in Oscarella lobularis are higher than those in the sediments whatever the sampling sites (Supplementary Data Table 6). The highest BCF values are observed on 3 sites and for 3 metals 

Discussion

Metals are naturally present in the environment in the form of geochemical backgrounds. The geological formations of the Marseille basin are composed of many deposits of bauxite (characterized by Al2O3 and iron oxides) formerly exploited, and many layers of terra rossa (i.e., iron oxides). Even though these rocks naturally contain metals, because the concerned area is characterized by the dominance of calcareous sedimentary rocks, the basicity of these rocks makes metals hardly mobile and available [START_REF] Ciesielski | Effets du pH sur l'extraction des éléments traces métalliques dans les sols[END_REF]. Thereby natural origin of metals in the sea is usually considered neglectable in this geographic area [START_REF] Chandesris | Détermination du fond géochimique pour les métaux dissous dans les eaux de surface continentales[END_REF][START_REF] Tchounwou | Heavy Metal Toxicity and the Environment[END_REF][START_REF] Urien | Comparison in waterborne Cu, Ni and Pb bioaccumulation kinetics between different gammarid species and populations : Natural variability and influence of metal exposure history[END_REF]. Anthropic rock mining can nevertheless increase ground leaching and bring natural metals to the sea by runoff, in addition to industrial activities commonly considered to be responsible for most metal contaminations in the area.

The analysis of metals on the surface sediment in the bay of Marseille shows higher concentrations for Ni, Cd, Cu, Zn (with a mean of 4.46 µg/g, 0.172 µg/g, 4.31 µg/g and 51.0 µg/g respectively) and lower concentrations for Cr and Pb (with a mean of 10.6 µg/g and 21.4 µg/g respectively) (Supplementary Data Table 5) compared to the sediments in the Gulf of Lions [START_REF] Roussiez | Sources and sinks of sediment-bound contaminants in the Gulf of Lions (NW Mediterranean Sea) : A multi-tracer approach[END_REF]. Moreover, in the Ligurian Sea, the concentrations are higher for Cr, Cu, Li, Ni, Zn and are lower for Al, Fe, Hg compared to surface sediment in the bay [START_REF] Heimbürger | Natural and anthropogenic trace metals in sediments of the Ligurian Sea (Northwestern Mediterranean)[END_REF]. Concerning the bay of Toulon, the metal concentrations are much higher than in the bay of Marseille, this is in agreement of a higher anthropic contamination of this area [START_REF] Tessier | Study of the spatial and historical distribution of sediment inorganic contamination in the Toulon bay (France)[END_REF]. However, the surface sediment represents the first centimetres and thus supposedly the most recent particle deposits in the study area at a given time [START_REF] Martín | Recent accumulation of trace metals in sediments at the DYFAMED site (Northwestern Mediterranean Sea)[END_REF][START_REF] Tessier | Study of the spatial and historical distribution of sediment inorganic contamination in the Toulon bay (France)[END_REF], making it a partial indicator of the quality of the environment. In contrast, sponges, which are sessile organisms and active filter feeders, represent a relevant proxy to monitor and evaluate metal contamination in addition to sediment metal contents [START_REF] Cebrian | Sponges as biomonitors of heavy metals in spatial and temporal surveys in northwestern mediterranean : Multispecies comparison[END_REF][START_REF] Pan | Sponges and sediments as monitoring tools of metal contamination in the eastern coast of the Red Sea, Saudi Arabia[END_REF].

Species-dependent and metal-dependent concentrations in sponge tissues.

According to our results for a given site, metal concentrations are both sponge speciesdependent and metal-dependent. Among the different species sampled in our study, Oscarella lobularis and Agelas oroides show the highest mean variabilities (26.8% and 33.1% respectively), and concerning metals, As, Zn and Cu show the lowest mean variabilities (13.6%, 14.3% and 15.3% respectively) (Supplementary Data Table 4), like in the study by Orani et al., 2018. Whatever the sponge species considered, Ag, As, Cd, Cu, Ni, Zn and Hg are present in higher concentrations in sponges than in sediments (i.e., 2-to 37-fold higher than in sediment) (Figure 3), as observed for other sponge species from the Mediterranean Sea (M. [START_REF] Araújo | Elemental composition of marine sponges from the Berlengas Natural Park, western Portuguese coast[END_REF][START_REF] Cebrian | Sponges as biomonitors of heavy metals in spatial and temporal surveys in northwestern mediterranean : Multispecies comparison[END_REF][START_REF] Orani | Marine sponges as a powerful tool for trace elements biomonitoring studies in coastal environment[END_REF] or from the Pacific Ocean [START_REF] Padovan | Trace metal concentrations in the tropical sponge Spheciospongia vagabunda at a sewage outfall : Synchrotron X-ray imaging reveals the micron-scale distribution of accumulated metals[END_REF]. This consensual finding could give an indication of the bioavailability in Ag, As, Cd, Cu, Ni, Zn and Hg. High metal concentrations in tissues are generally considered to present a risk for organisms health, but bioaccumulation of some metals within organism tissues can sometimes be explained by their biological role. For example, Cu is involved in sponge metabolism as well as various enzymatic processes [START_REF] Tian | Effect of Copper Treatment on the Composition and Function of the Bacterial Community in the Sponge Haliclona cymaeformis[END_REF] while As can play a protective role against oxidative stress [START_REF] Orani | Comparative study on the bioaccumulation and biotransformation of arsenic by some northeastern Atlantic and northwestern Mediterranean sponges[END_REF][START_REF] Yamaoka | Arsenic compounds in marine sponge (Haliclona permolis, Halichondria japonica, Halichondria okadai andHaliclona sp. White) from Seto Inland Sea, Japan[END_REF].

Metal concentrations vary across species with well-defined signatures for each species (Figure 2; As and Hg for C. candelabrum; Cr, Ti, Li and Cu for A. damicornis and C. clathrus; Ni, Cd and Zn for O.tuberculata). In contrast Oscarella lobularis displays a more homogeneous metal accumulation pattern than the other sponge species studied. High inter-specific differences in metal bioaccumulation were already observed in previous studies performed on different sets of sponge species from different geographic areas [START_REF] Batista | Marine sponges with contrasting life histories can be complementary biomonitors of heavy metal pollution in coastal ecosystems[END_REF][START_REF] Genta-Jouve | Comparative bioaccumulation kinetics of trace elements in Mediterranean marine sponges[END_REF][START_REF] Patel | Sponge 'sentinel' of heavy metals[END_REF]. This finding may be partly explained by i) different filtration speed and efficiency between sponge species [START_REF] Cebrian | Sponges as biomonitors of heavy metals in spatial and temporal surveys in northwestern mediterranean : Multispecies comparison[END_REF][START_REF] Morganti | Size Is the Major Determinant of Pumping Rates in Marine Sponges[END_REF][START_REF] Weisz | Do associated microbial abundances impact marine demosponge pumping rates and tissue densities?[END_REF]; ii) different molecular, cytological and histological features between species, as it had been shown that different Demospongiae species accumulate metals in various structures like collagen, skeleton fibers, pinacoderm (i.e., external cell layer of sponge body) or even mesohylar cells (i.e., internal tissue of sponge) [START_REF] Orani | Comparative study on the bioaccumulation and biotransformation of arsenic by some northeastern Atlantic and northwestern Mediterranean sponges[END_REF][START_REF] Padovan | Trace metal concentrations in the tropical sponge Spheciospongia vagabunda at a sewage outfall : Synchrotron X-ray imaging reveals the micron-scale distribution of accumulated metals[END_REF], by iii) different food preference [START_REF] Maldonado | Sponge waste that fuels marine oligotrophic food webs : A re-assessment of its origin and nature[END_REF][START_REF] Perez | Effects of 12 years' operation of a sewage treatment plant on trace metal occurrence within a Mediterranean commercial sponge (Spongia officinalis, Demospongiae)[END_REF], or by iv) differences in associated microorganisms [START_REF] Keren | Sponge-associated bacteria mineralize arsenic and barium on intracellular vesicles[END_REF][START_REF] Lasalle | Inter-and Intraspecific Variations of Bacterial Communities Associated with Marine Sponges from San Juan Island, Washington[END_REF][START_REF] Selvin | Spongeassociated marine bacteria as indicators of heavy metal pollution[END_REF][START_REF] Tian | Effect of Copper Treatment on the Composition and Function of the Bacterial Community in the Sponge Haliclona cymaeformis[END_REF]. In our case, the huge differences observed between O.lobularis and O.tuberculata BCFs (Supplementary Data Table 6) cannot be explained neither by molecular, cytological nor histological differences. Indeed, the high similarity between these sister species has for long resulted in the absence of species discrimination [START_REF] Boury-Esnault | Genetic and cytological divergence between colour morphs of the Mediterranean sponge Oscarella lobularis Schmidt (Porifera, Demospongiae, Oscarellidae)[END_REF][START_REF] Gazave | Systematics and Molecular Phylogeny of the Family Oscarellidae (Homoscleromorpha) with Description of Two New Oscarella Species[END_REF]. Such differences between species of a same genus has also been observed in the genus Mytilus (Sussarellu et al., 2022). The microbial communities of Oscarella lobularis display a species-specific microbial diversity dominated by a Rhodobacteria [START_REF] Gerçe | Differences Between Bacterial Communities Associated with the Surface or Tissue of Mediterranean Sponge Species[END_REF][START_REF] Gloeckner | Unique and species-specific microbial communities in Oscarella lobularis and other Mediterranean Oscarella species (Porifera : Homoscleromorpha)[END_REF][START_REF] Jourda | Draft Genome Sequence of an Alphaproteobacterium Associated with the Mediterranean Sponge Oscarella lobularis[END_REF] but further studies would be needed to decipher the relative contribution to metal accumulation of the sponge and its symbiotic microorganisms.

Intersite differences in Oscarella lobularis and potential links with the industrial past and present anthropic activities.

Although Oscarella lobularis accumulates metals more homogeneously than other sponge species, we note a variability of metal contents in tissues between the different sampling sites (Figure 5). These differences may be related to the past and present industrial activities in the bay of Marseille. The industrialization of Marseille increased in the middle of the 19 th century with the creation of factories of several types (glass, petroleum, soda, tartaric acid, etc.). No obvious direct link has been made between metal contaminations in the bay and the factories, except concerning the industrial sites of Montredon (1873-1884), Escalette (1851Escalette ( -1924) ) and Goudes (1854Goudes ( -1877)). Located in the east of Marseille, these sites were specialized in Ag and Pb production [START_REF] Daumalin | Les calanques industrielles de Marseille et leurs pollutions-Une histoire au présent[END_REF] (Figure 7). The metallic contamination in terrestrial and water compartments in the area of these former industries, located in front of the Maïre site, was previously characterized [START_REF] Lasalle | Inter-and Intraspecific Variations of Bacterial Communities Associated with Marine Sponges from San Juan Island, Washington[END_REF], and high concentrations of Pb and As in soils (633 µg/g and 29.4 µg/g respectively), in marine sediments (99 to 1189 µg/g and 8.2 to 648 µg/g) and in marine organisms were highlighted. For example, in mussels, Pb and As are respectively up to 4 and 2 times higher in comparison with mussels from other sites of the Mediterranean sea [START_REF] Andral | Monitoring chemical contamination levels in the Mediterranean based on the use of mussel caging[END_REF][START_REF] Santos-Echeandía | The influence of natural vs anthropogenic factors on trace metal(loid) levels in the Mussel Watch programme : Two decades of monitoring in the Spanish Mediterranean sea[END_REF], with highest Pb and As body amounts ranging from 4.5 to 5.3 µg/g dw and from 25.4 to 26.2 µg/g dw, respectively. Interestingly, O. lobularis specimens sampled in the Maïre site, located in the vicinity of this former industrial site, show the highest concentrations of Pb (8.76  0.87 µg/g dw) and As (61.5  10.3 µg/g dw) measured among the different studied O. lobularis populations. Our results are therefore in agreement with previous studies reporting that this area of the Bay of Marseille is still exposed to a significant metallic contamination despite that these factories have been closed since a century [START_REF] Daumalin | Les calanques industrielles de Marseille et leurs pollutions-Une histoire au présent[END_REF][START_REF] Lasalle | Inter-and Intraspecific Variations of Bacterial Communities Associated with Marine Sponges from San Juan Island, Washington[END_REF].

Marseille is the most important trade and cruise ship port of the France south littoral and has the largest underground wastewater treatment plant in Europe in Calanques National Park located at 5 km from the city. The rejected treated water, not free of metals, discharges Ag, Cu, Pb, Cr, Hg and Fe at the Cortiou Cove during dry conditions [START_REF] Millet | Unexpected spatial impact of treatment plant discharges induced by episodic hydrodynamic events : Modelling Lagrangian transport of fine particles by Northern Current intrusions in the bays of Marseille (France)[END_REF][START_REF] Oursel | Transferts et dynamique des contaminants métalliques en zone côtière[END_REF][START_REF] Tumolo | Chromium Pollution in European Water, Sources, Health Risk, and Remediation Strategies : An Overview[END_REF] and into the autonomous harbour ("Port autonome") of Marseille, the old harbour ("vieux port") and at the level of the Prado site, without prior passage through the treatment plant During rainy conditions. Finally, the small coastal rivers such as the Huveaune, the Jarret and the Aygalades that run through the town, as well as irregular big intrusion of the Rhône River [START_REF] Fraysse | Development of a 3D Coupled Physical-Biogeochemical Model for the Marseille Coastal Area (NW Mediterranean Sea) : What Complexity Is Required in the Coastal Zone?[END_REF], were already shown to collect and transport contaminants toward the bay (i.e., Hg up to 62 ng/L in the Huveaune and Aygalades) [START_REF] Jany | METROC : Évaluation des apports de contaminants chimiques de la métropole marseillaise au milieu marin[END_REF]) (Figure 7). The hydrodynamics of the Gulf of Lion, with the southeast marine winds and the North Current, could explain the spread of contaminants and their localization on certain sites in the Bay of Marseille. In accordance with previous studies on sponges of the Marseille region [START_REF] Perez | Effects of 12 years' operation of a sewage treatment plant on trace metal occurrence within a Mediterranean commercial sponge (Spongia officinalis, Demospongiae)[END_REF], our results indicate for example that the populations present in the bay (i.e., Prado) have significant quantities of Fe. These large quantities of Fe could be due to the use of ferric chloride as a coagulation agent for the physico-chemical treatment of wastewater at the Cortiou plant and could be transported to the Prado reefs with the North Current toward the bay (Figure 7). Fe isotope studies would confirm or refute this hypothesis by specifically determining its source (natural or anthropogenic), as performed in previous studies for other metals in the Mediterranean Sea (D. F. [START_REF] Araújo | Copper, zinc and lead isotope signatures of sediments from a mediterranean coastal bay impacted by naval activities and urban sources[END_REF][START_REF] Orani | Marine sponges as a powerful tool for trace elements biomonitoring studies in coastal environment[END_REF]. Specimens sampled at the sites of Riou, Caramassaigne and

Perez Cave are all present in the bottom of the PCA, below the second axis, reflecting lower metallic bioaccumulations in comparison to the other populations, that may be due to the hydrodynamic characteristics of these sites (Figure 7) and their respective distance from the urbanized area. Sponges sampled in the Fourmigues site, located at the east of the Giens peninsula, are all grouped in the right side of the PCA and are characterized by high concentrations of Zn, Ni and Cd (Figure 5). The Toulon Bay, located at about 10 km from the Fourmigues sampling site, is characterized by important industrial, touristic, and military nautical activities, and is submitted to significant inputs of metals. In a previous study, high Zn concentrations with a range of 24.3 -1340 µg/g dw were found in sediments in the large bay of Toulon [START_REF] Tessier | Study of the spatial and historical distribution of sediment inorganic contamination in the Toulon bay (France)[END_REF]. High Zn content in sediments could be due to the intensive use of antifouling paints on boat hulls to prevent corrosion and fouling, which would be consistent with the intensive nautical activity of this area [START_REF] Jones | Bioaccessibility and mobilisation of copper and zinc in estuarine sediment contaminated by antifouling paint particles[END_REF]. In addition, the bay of Toulon was also reported to present high Cd concentration in seawater (between 0.007 and 0.14 µg/L) [START_REF] Rossi | In situ heavy metals (copper, lead and cadmium) in different plankton compartments and suspended particulate matter in two coupled Mediterranean coastal ecosystems (Toulon Bay, France)[END_REF] and, in the port of Porquerolles Island (located in the vicinity of Toulon), Zn, Ni and Cd contamination in water, sediment and marine organisms were linked to the maritime activities of the port [START_REF] Augier | Le port de Porquerolles (Îles d'Hyères, Mediterranée, France) II. Contamination par les metaux lourds | Parc national de Port-Cros et Porquerolles[END_REF]. Therefore, our data at the Fourmigues site suggest that at least part of the contamination from the bay of Toulon and from Porquerolles Island may extend to the surrounding coastal waters. In particular, the North Current may be responsible for the high concentrations of Ni (210-320 ng/L) previously measured in the

Ligurian sea located at the East of the Fourmigues site as suggested by [START_REF] Migon | Temporal variability of dissolved trace metals at the DYFAMED time-series station, Northwestern Mediterranean[END_REF].

Oscarella lobularis as a valuable bioindicator for metallic contamination

Finally, the inter-site variability does not question the relevance of Oscarella lobularis as valuable biomonitor: its homogeneous metal bioaccumulation profile makes it a good candidate as a bioindicator of metallic pollution in Mediterranean Sea. The choice of sentinel or bioindicator species should be guided by several criteria: i) preferring sessile species or species displaying limited dispersion [START_REF] Augier | Le port de Porquerolles (Îles d'Hyères, Mediterranée, France) II. Contamination par les metaux lourds | Parc national de Port-Cros et Porquerolles[END_REF][START_REF] Vieira | Evaluation of bioavailability of trace metals through bioindicators in a urbanized estuarine system in southeast Brazil[END_REF], ii) opting for filter feeders [START_REF] Batista | Marine sponges with contrasting life histories can be complementary biomonitors of heavy metal pollution in coastal ecosystems[END_REF][START_REF] Milanese | The marine sponge Chondrilla nucula Schmidt, 1862 as an elective candidate for bioremediation in integrated aquaculture[END_REF], iii) identifying, capturing and collecting easily a species with a sufficient population size to study spatial variations of ecosystems [START_REF] Berthet | Sentinel Species[END_REF]. Oscarella lobularis fits all these criteria. Even if, several sponges have been proposed as bioindicator species (mostly Demospongiae but also one species of Calcarea Paraleucilla magna) [START_REF] Batista | Marine sponges with contrasting life histories can be complementary biomonitors of heavy metal pollution in coastal ecosystems[END_REF], as far as we know, only one species (Haliclona fulva (Topsent, 1893)) has been showed as a generalist species in the Mediterranean Sea [START_REF] Orani | Marine sponges as a powerful tool for trace elements biomonitoring studies in coastal environment[END_REF], which appears to be a crucial criterion for choosing a sentinel organism.

Conclusions

This study is the first one i) reporting such a dataset concerning the bioaccumulation of metals in the bay of Marseille using a homoscleromorph sponge; ii) comparing different bioaccumulation profiles between sponge species at the Maïre site in order to objectively compare the relative relevance of sponge species for environmental assessment.

According to its numerous features fitting the ideal characteristics required for the use of a relevant model to biomonitor the metallic contamination in marine coastal waters, our work suggests Oscarella lobularis as a new bioindicator of contaminants in Mediterranean coastal environments. Consequently, O.lobularis and Haliclona fulva may be useful to implement a ''Sponge Watch Program'' for the western part of the Mediterranean Sea, as it was proposed in Denmark with the demosponge Halichondria panicea [START_REF] Hansen | Accumulation of copper, zinc, cadmium and chromium by the marine sponge Halichondria panicea Pallas and the implications for biomonitoring[END_REF][START_REF] Olesen | Accumulation of Cd by the marine sponge Halichondria panicea pallas : Effects upon filtration rate and its relevance for biomonitoring[END_REF].

The present results ar''also expected to be useful for future ecotoxicological studies. Indeed,

Oscarella lobularis is now one of the best described Mediterranean sponge species at chemical, physiological, morphological, reproductive, cellular and molecular levels [START_REF] Belahbib | New genomic data and analyses challenge the traditional vision of animal epithelium evolution[END_REF][START_REF] Ereskovsky | Oscarella lobularis (Homoscleromorpha, Porifera) Regeneration : Epithelial Morphogenesis and Metaplasia[END_REF][START_REF] Fierro-Constain | The Conservation of the Germline Multipotency Program, from Sponges to Vertebrates : A Stepping Stone to Understanding the Somatic and Germline Origins[END_REF][START_REF] Renard | The Homoscleromorph Sponge, Oscarella lobularis[END_REF][START_REF] Rocher | The buds of Oscarella lobularis (Porifera) : A new convenient model for sponge cell and developmental biology[END_REF][START_REF] Vernale | Evolution of mechanisms controlling epithelial morphogenesis across animals : New insights from dissociationreaggregation experiments in the sponge Oscarella lobularis[END_REF], thereby enabling integrative approaches.

samples and providing efficient lab facilities. We acknowledge Pr Jean Borgomano for the 418 geological information he provided on the studied area. 
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  Figure 6): Ni at Frioul, Caramassaigne and Fourmigues (BCF ranging from 522 to 850), Cd at Caramassaigne (BCF = 584) and Zn at Fourmigues (BCF = 259). In contrast, Al, Cr, Fe, Li, Pb and Ti, show bioconcentration factors lower than 1, meaning that the concentrations in Oscarella lobularis tissues are lower than those measured in the surrounding sediment.
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Figure 1 :

 1 Figure 1: Location of the eight sampling sites (south of France; North-Western Mediterranean Sea).
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 2 Figure 2: Principal component analysis (PCA) of metal concentrations in seven distinct marine sponge species collected in the Maïre site. Convex ellipses group heavy metal concentrations from the seven species.

Figure 4 :

 4 Figure 4: Metals concentrations in Oscarella lobularis according to the various sampling sites. Values are means ± SD. Concentrations of (A) Ag, As, Cd, Cr, Cu, Li, Pb, Ti, (B) Al, Fe, Ni, Zn and (C) Hg were measured in tissues.
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 6 Figure6: Bioconcentration factors (BCF) calculated for all metals in Oscarella lobularis individuals sampled at different sites (using metal concentrations measured in sediments as reference). Values are available in table A.6.

  

  

  

Table 2 .

 2 ). Values are available in table A.6. Limit of quantification (LOQ) in µg/L for trace metal elements measured by ICP-MS and in ng for mercury measured with AMA-254.

	02/2019
	(Oscarellidae) ;
	01/2021 (other
	sponges phyla)

Table 3 .

 3 Samples measured with AMA-254 and ICP-MS to determine the metal concentration at the various sites. Each sample was replicated before measurement.

	Supplemental

Table 4 .

 4 Relative standard deviation (RSD) in seven sponges' species collected at the Maïre site. Values for each heavy metal are expressed in %.
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Appendix A. Supplementary material

O.lobularis

Maire 0,1 0,0 0,0 0,1 0,2 20,8 2,7 1,5 7,5 2,0 18,9 0,8 0,1 Frioul 0,4 0,4 0,3 0,4 1,2 326,7 9,0 25,7 30,3 27,3 18,0 0,2 Prado reefs 0,3 0,3 0,2 1,5 0,6 140,7 7,7 56,7 2,8 10,1 176,3 1,0 0,4 Perez cave 0,3 0,1 0,1 0,2 0,4 136,6 3,9 6,2 3,8 193,3 0,7 0,1 Caramassaigne 0,4 0,3 0,3 0,4 0,9 522,0 8,6 19,9 26,0 584,1 12,1 0,2 Riou 0,2 0,1 0,1 0,5 0,4 98,0 6,4 8,5 7,9 73,0 1,4 0,1 Mejean 0,2 0,1 0,1 0,1 0,3 68,3 7,1 3,3 7,6 53,3 1,7 0,3 Fourmigues 0,5 0,3 0,2 0,4 0,2 849,9 6,0 259,3 1,9 34,0 4,5 0,2 O.tuberculata Maire 0,1 0,0 0,0 0,1 0,2 161,8 2,0 11,9 2,4 3,1 223,4 0,7 0,1

A.cavernicola Maire 0,1 0,0 0,0 0,1 0,1 5,6 4,0 0,2 25,8 1,2 1,2 1,1 0,1

A.oroides Maire 0,1 0,0 0,0 0,2 0,1 6,2 3,3 0,1 24,5 4,8 4,2 2,5 0,1

A.damicornis Maire 0,2 0,1 0,0 0,2 0,2 0,5 6,3 0,1 2,3 1,4 7,2 0,4 0,1 C.clathrus Maire 0,3 0,1 0,0 0,1 0,1 0,2 2,8 0,1 1,9 7,4 2,8 0,3 0,1 C. candelabrum Maire 0,0 47,2 0,0 0,1 5,2 2,8 0,0 0,9 0,5 0,2 1,1