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Introduction

Environmental factors such as temperature, salinity, dissolved oxygen, nutrients, toxicants, and parasites, that exhibit intermittent and short-term fluctuations, affect health of cultivated or exploited marine bivalves. Cellular defence-related parameters are known to be especially sensitive to the variation of these factors and the physiological and health status of bivalves tested [START_REF] Chu | Defense mechanisms of marine bivalves[END_REF]. In Europe, the Manila clam Venerupis philippinarum, which is of Indo-Pacific origin, was introduced for aquaculture purposes to France between 1972 and 1975 and later to England, Spain and Italy [START_REF] Flassch | Introduction in Europe, from 1972 to 1980, of the Japanese manila clam (Tapes philippinarum) and effects on aquaculture production and natural settlement[END_REF]. In France, this new venerid culture became increasingly widespread until 1986, demonstrating its adaptation to the local environmental conditions along the Atlantic coast. V. philippinarum is, however, often affected by high mortality in late winter which considerably limited further expansion of this venerid culture. This mortality has been associated with low condition index, and low glycogen and lipid contents during this season [START_REF] Goulletquer | Etude des facteurs environnementaux intervenant sur la production de la palourde japonaise d'élevage Ruditapes philippinarum[END_REF] and with Brown Ring Disease (BRD), a bacterial disease caused by Vibrio tapetis [START_REF] Paillard | Origine pathogène de l'anneau brun chez Tapes philippinarum (Mollusque, bivalve)[END_REF][START_REF] Paillard | Etiologie de la maladie de l'anneau brun chez Tapes philippinarum: pathogénicité d'un Vibrio sp[END_REF]. Environmental factors, such as freezing winter temperatures [START_REF] Bower | Winter mortalities and histopathology in manila clams (Tapes philippinarum) in British Columbia due to freezing temperatures[END_REF], and turbidity [START_REF] Goulletquer | Etude des facteurs environnementaux intervenant sur la production de la palourde japonaise d'élevage Ruditapes philippinarum[END_REF] have been suggested as causing this seasonal mortality. Low temperature was also demonstrated to favour BRD prevalence which is facilitated by immune-compromised conditions of the clams [START_REF] Paillard | Epidemiological survey of the brown ring disease in clams of Atlantic coast: role of temperature in variations of prevalence[END_REF]. However, how environmental conditions affect defence mechanisms of Manila clams is unknown. Defence mechanisms in other bivalves, namely oysters and mussels, have been shown to be affected by environmental factors [START_REF] Fisher | Salinity effects on the activity of granular hemocytes of American oysters, Crassostrea virginica[END_REF][START_REF] Chu | Effect of environmental factor and parasitism on hemolymph lysozyme and protein of American oyster (Crassostrea virginica)[END_REF]Santare´m et al., 1994;[START_REF] Chu | Annual variation of hemolymph components and Perkinsus marinus infection in oysters sampled from Deep Water Shoal, James River, Virginia[END_REF][START_REF] Fisher | Hematologic and serologic variability of eastern oysters from Apalachicola Bay, Florida[END_REF][START_REF] Fisher | A survey of oysters Crassostrea virginica from Tampa Bay, Florida: associations of internal defense measurements with contaminant burdens[END_REF][START_REF] Carballal | Seasonal variation and effect of age, food availability, size, gonadal development, and parasitism on the hemogram of Mytilus galloprovincialis[END_REF][START_REF] Volety | Influence of seasonal factors on oyster hemocyte killing of Vibrio parahemolyticus[END_REF][START_REF] Oliver | Relationships between tissue contaminants and defense-related characteristics of oysters (Crassostrea virginica) from five Florida bays[END_REF]. Establishment of correlation between environmental parameters and immunological and disease status is difficult, especially in field studies; however, collected information can be valuable in understanding environment-host-pathogen interactions and in evaluating quality of potential culture sites.

The present field experiment was designed to investigate influences of environmental conditions of various rearing sites and season on physiological and immunological parameters, and on BRD development in the clam V. philippinarum. Flow cytometry methods were applied to determine total haemocyte counts, haemocyte viability and morphological characteristics. Lysozyme and protein contents were analysed because they have been shown to be sensitive to environmental factors in other bivalves [START_REF] Fisher | Salinity effects on the activity of granular hemocytes of American oysters, Crassostrea virginica[END_REF][START_REF] Chu | Effect of environmental factor and parasitism on hemolymph lysozyme and protein of American oyster (Crassostrea virginica)[END_REF][START_REF] Fisher | Hematologic and serologic variability of eastern oysters from Apalachicola Bay, Florida[END_REF][START_REF] Ordas | Immune parameters in carpet shell clams naturally infected with Perkinsus atlanticus[END_REF]. The study also explored whether correlations between some environmental factors and physiological and immunological parameters can be established.

Material and methods

The experimental juvenile Manila clams ( V. philippinarum), originated from a single stock (same spat origin, about 5 months old, 1-2 g) provided by a private farm (SATMAR, Marennes, France). From this stock, 8000 individuals were distributed in April 2000 to four rearing sites located along the French coast from north to south (Fig. 1) that were selected for their various ecological characteristics (climate, hydrodynamics). Sites can be classified in three ecosystem types: Chausey Islands, oceanic; Bay of Brest and Gulf of Morbihan, estuarine; Marennes, pond. All sites are used for aquaculture purpose and potentially affected by Brown Ring Disease (BRD). The sediment in Chausey consisted of a mixture of sand and mud in equivalent proportions whereas the sediment in the three other sites is mostly composed of mud. The deploying of the clams was performed in two different manners, depending on the rearing sites. In the Bay of Brest, the Gulf of Morbihan and Marennes, the juvenile clams were seeded manually. In Chausey Islands, the clams were seeded mechanically. The experimental sites were checked monthly for any damage. The temperature profiles were obtained with in situ probes over the experiment at each site. Samples of 100 clams were collected every 3 months for 15 months at each site: in July and October 2000, February, April and August 2001. The clams were harvested and shipped in a refrigerated box the first day and rapidly processed the following day in the laboratory. Disease progression was monitored according to [START_REF] Paillard | The brown ring disease symptom in the manila clam, Ruditapes philippinarum: establishment of a classification system[END_REF] with all 100 clams from each site observed for macroscopic and microscopic indications of BRD disease. Twenty individual clams, randomly selected among the 100 sampled clams, were used for physiological indices. For each individual clam, the total weight (shell + meat) was measured immediately upon arrival. After dissection, the wet weight of the meat was then measured. After incubation for 48 h in an oven at 60 °C, the dry weight of the meat and the shell were measured separately. Condition index (CI) was then calculated as CI = (dry weight meat/dry weight shell)x100 according to [START_REF] Mann | The effect of temperature on growth and gametogenesis in the manila clam Tapes japonica[END_REF]. Length measurement corresponds to the maximal anterio-posterior length (mm). Twenty other individual clams, randomly selected among the 100 sampled clams, were used for immunological analysis. Haemolymph was collected according to [START_REF] Oubella | Experimentally variation in hemocyte density for Ruditapes philippinarum and Ruditapes decussatus (Mollusca-Bivalvia)[END_REF] from the posterior adductor muscle sinus with a 1-ml hypodermic syringe (25 G needle) through the shell hinge. This procedure is considered as nondestructive since even repeated haemolymph sampling from the adductor muscle had no measurable effect on survival of the clam V. philippinarum [START_REF] Paillard | Repeated hemolymph sampling of individual clams: what does it tell us about sampling procedures? National Shellfish Association Workshop[END_REF]. Except for samples of July 2000, all the analyses were performed on individual clams. Because of the small size of clams sampled in July 2000, large enough haemolymph samples could not be collected to run individual immunological analyses. Haemolymph pools (3 pools of 10 animals) were thus constituted to run the immunological analysis. After collection of haemolymph, 200 Al of fluid was immediately mixed with an anti-aggregant solution for bivalve haemocyte (AASH), prepared according to [START_REF] Auffret | Cytometric parameters of bivalve molluscs: effect of environmental factors[END_REF], maintained on ice until flow cytometry analysis of the total haemocyte count (THC), the percentage of haemocyte mortality, and the cell size and complexity. The remainder of the haemolymph sample was subdivided in (1) 150 µL for lysozyme assay, and (2) 5 µL for haemolymph total protein content. Samples for lysozyme and total protein content were frozen at -80 °C until analysis. Flow cytometry methods were applied to determine total haemocyte count, haemocyte cyto-morphology and percentage of dead haemocytes, and were expected to considerably ease measurement of these parameters which are time-consuming and technically demanding by microscopic methods. Total haemocyte count (THC) was assessed by counting at least 10000 particles and by recording the elapsed time. The flow rate of the flow cytometer was controlled regularly and varied little under our working conditions throughout the year. THC was then calculated according the following formula THC = 10000 x elapsed time/measured flow rate. Results were expressed as cells ml _ 1 . Forward scattering (FSC) and side scattering (SSC) parameters which are, respectively, related to cell size and cell complexity, were also recorded on total cells. All the samples were analysed using previously determined instrument settings, and because of this, the haemocyte size (FSC value) and complexity (SSC value) were expressed as Arbitrary Units to allow site and season comparisons. In order to measure haemocyte mortality, the haemocyte suspensions were labelled with propidium iodide to a final concentration of 10 µg ml_ 1, 10 min prior the flow cytometry analysis. Dead cells that lost membrane integrity incorporated propidium iodide by DNA intercalation and the resulting fluorescence was measured on the FL2 fluorescent detector. Results were presented by giving the percentage of dead cells present in samples. Protein analysis was carried out in triplicate on 5-µL samples using the Bio-Rad DC Protein Assay, based on the protein determination method of [START_REF] Lowry | Protein measurement with the Folin-Phenol reagents[END_REF]. The protein determination was made as described by the manufacturer. Briefly, 25 µL of solution A was added to the sample and mixed for 1 min. Then, 200 µL of solution B was added and also mixed for 1 min. After 15 min of incubation, optical density was measured with a micro-plate reader at 620 nm. A standard curve was developed from the standard protein stock solution provided by the manufacturer. Results were expressed as mg of protein/ml. Lysozyme concentration in whole haemolymph samples was measured after samples had been thawed. This was done in triplicate for each sample, and compared against hen egg-white lysozyme standards (0.6-40 µg ml_ 1) using a 96-well micro-plate method. Twenty microliters of sample was dispensed per well and 180 µL of Micrococcus leikodeiktus, suspended in 0.06 M sodium phosphate buffer (pH 6.4) to an OD600 = 0.4, added to each. To permit more accurate measurement of the low levels of lysozyme in these samples, the plates were incubated for 1 h at room temperature before reading at 540 nm. Data were processed using nonparametric method (Kruskal-Wallis test). THC values were log transformed and percentage of haemocyte mortality values were transformed (arcsin of the square root) prior to statistical analysis. Data are presented in figures as untransformed. Differences were considered to be statistically significant at p < 0.05 and correlation were retained when p < 0.1.

Results

Seasonal variations of temperature within sites were greater than those between sites (Fig. 2). In summer, the temperature was higher in the sites located in the south of France (Marennes) than those in the north. The highest temperature (24°C) was observed in Marennes and the lowest (8°C) in Chausey and Gulf of Morbihan. The differences in monthly mean temperature between sites were higher during summer than during winter. The experimental juvenile Manila clams were disease free prior to deployment in April 2000. Also, 500 additional juvenile clams maintained for 1 month in a laboratory aquarium without food supplementation (stressful conditions) remained BRD-free thus confirming that the seeded animals were BRD-free. The clams deployed back into the site of origin (Marennes), stayed disease free for the 15 months of the field study. The clams planted in other sites developed a very low prevalence of BRD, which reached a maximum of 3.5% in the Gulf of Morbihan and the Bay of Brest (Fig. 3). The BRD was also monitored in a natural population of 1-3-year-old clams from the Gulf of Morbihan, near the experimental clams, and revealed much higher BRD prevalence in the natural population: 30% in January and April 2001 and 16% in August 2001 (data not shown). Though BRD was present in natural stocks of the Gulf of Morbihan, experimental clams developed very low BRD during the monitored period. Very high mortalities occurred in the Bay of Brest during the winter (February) and in the Gulf of Morbihan during the second summer. At the time of the observation, all the experimental clams (2000 individuals) were found as empty shells. Length and dry weight (meat) showed a seasonal pattern with marked increases during spring and summer and slight decreases or maintenances of these parameters during the winter (Table 1). The dry weight of clams was significantly affected by the location of the rearing site (Table 2). Clams from Marennes in July were about half the weight of clams from the three other sites (P < 0.0001). In contrast, the clams from October collections in Marennes were at least twice the size of those from the other sites (P < 0.0001). Though a slight decrease of dry weight occurred during the winter, clams from Marennes remained about twice the weight of those of the other sites (P < 0.0001). At the end of the experiment, rearing sites could be classified in the following descending order according to the clam dry weight: Marennes, Chausey and Gulf of Morbihan with final dry weights of 1.24, 0.84 and 0.26 g, respectively. Though to a lesser extent, similar variations between sites were noted for the length, which followed a similar order for sites as the dry weight. The condition index (Tables 1 and2) of the clams showed a seasonal pattern for all sites. The highest values of CI were observed in summer (11.1 for July 2000 and 8.5 for August 2001) and decreased in autumn (6.9) ( P < 0.0001). The lowest values were measured during winter (5.0). The seasonal pattern was less marked in Marennes than in other sites. At each sampling date, statistically significant differences of CI were measured between sites (P < 0.0001). During autumn and winter, the highest condition index was observed in Marennes. Unlike the weight parameters, the CI of Chausey and Marennes were similar at the end of the experiment (10.5 and 9.7, respectively) but about twice that for the Gulf of Morbihan (5.2). Total haemocyte count (THC) followed a similar seasonal pattern for all sites with significant differences between sampling dates: the highest THC was observed in spring (1.35x106 cells ml_ 1) and the lowest in autumn (0.27x106 cells ml_ 1) (Table 1, P < 0.0001). Sites could also be distinguished statistically according to THC values (Fig. 4). In autumn, clams from Marennes exhibited significant higher THC values (0.33x106 cells ml_ 1) than clams from Gulf of Morbihan (0.20x106 cells ml_ 1) (P < 0.01). This pattern changed in winter, the highest THC value was observed in clams from the Chausey Islands whereas the lowest THC value was observed in the clams from Bay of Brest ( P < 0.001). In the latter site, clams were decimated by mortalities occurring from February to April 2001. Intermediate THC values were measured in Marennes and the Gulf of Morbihan. Similar classification between sites was obtained in spring and summer. In the Gulf of Morbihan, clams exhibited lower THC values (0.65-0.96x106 cells ml_ 1) compared to those of Marennes (1.05-1.75x106 cells ml_ 1) and Chausey Islands (1.04-1.37x106 cells ml_ 1) (P < 0.05). Percentage of dead haemocytes (PDH) ranged from 2% to 13% throughout the samples (Fig. 5). Since data for the July samples were obtained from pooled haemolymph samples, they were not included in the statistical analysis testing the seasonal effect. Nevertheless, the overall highest values of PDH (13%) were observed at the beginning of the sampling period (July 2000). On individually collected haemolymph samples from October 2000 till August 2001, this percentage showed significantly higher values in October, as compared to those measured after October (Table 1, P < 0.0001). Comparing the sites, the PDH was significantly higher in clams from Chausey as compared to those of other sites in October 2000 and August 2001 (Fig. 5, P < 0.001). The clams from the Bay of Brest showed significantly higher PDH in February 2001, which corresponded to the occurrence of mass mortalities at this site (Fig. 5, P < 0.001). No differences of PDH between the three remaining sites were measured in April (Fig. 5, P= 0.07).

Haemocyte size showed a seasonal pattern with haemocytes being larger during the winter and smaller during the summer (Table 1, P < 0.0001). Haemocyte size showed significant differences between some sites (Fig. 6a, P < 0.05). For example, clam haemocytes from clams in the Gulf of Morbihan were significantly smaller compared to those of clams in Chausey from February until August (Fig. 6b, P < 0.01). No seasonal pattern was observed in haemocyte complexity (Table 1); however, this parameter showed significant differences between some sites (Fig. 6b, P < 0.05). In October 2000, the haemocyte complexity was significantly higher in the clams seeded in Brittany (Bay of Brest and Gulf of Morbihan) than those in the other sites (Marennes and Chausey) (Fig. 6b, P < 0.0001). From February to August 2001, the clams from the site of Marennes always exhibited significantly higher haemocyte complexity than those of clams cultivated in Chausey and in the Gulf of Morbihan (Fig. 6b, P < 0.05). A seasonal pattern of protein content of clams was observed with high values in summer-autumn and low values in winter-spring at all sites (Table 1, P < 0.0001). The protein content of the haemolymph showed significant differences between sites (Table 3, P < 0.001). In October, the level of haemolymph proteins was significantly higher (1.1-1.2 mg ml_ 1) for clams in Chausey and Marennes compared to clams from the Brittany sites (0.5-0.6 mg ml_ 1) (Table 3, P < 0.0001). In February, the protein content in clams from the Bay of Brest was found to be very low (0.2 mg ml_ 1) (Table 3, P < 0.001). Haemolymph protein content in clams from Chausey was significantly higher than those in clams from Gulf of Morbihan and Marennes in April (Table 3, P < 0.001). The site effect was particularly marked in August with 1.5 mg ml_ 1 in clams from Chausey, 0.8 mg ml_ 1 in clams from Marennes, and 0.6 mg ml_ 1 in clams from Gulf of Morbihan (Table 3, P < 0.0001). Overall, sites can be classified according to their haemolymph protein content of clams in the following descending order: Chausey, Marennes, Gulf of Morbihan, and Bay of Brest. Fig. 4. Total haemocyte count (THC) expressed as 106 cells/ml (mean, S.E., n = 14-20 for October samples, n = 19-21 for February, April and August samples). Lettering indicates the significant differences between sites for each sampling period (using Kruskal-Wallis test). Lysozyme content decreased dramatically from October to February in three of four sites: at Chausey, Gulf of Morbihan and Bay of Brest (Fig. 7). Combining all sites, the overall decrease after autumn was statistically significant (Table 1, P < 0.001). The location of rearing sites appeared to be of great importance for the lysozyme content. Clams reared in Marennes had a significantly higher lysozyme content compared to other sites from February until August (Fig. 7, P < 0.0001). Clam lysozyme content in sites can be classified in the following descending order: Marennes, Chausey, Gulf of Morbihan and Bay of Brest.

Table 3 : Site effect on the protein content of the hemolymph (mg ml_ 1) during the field survey Chausey Bay of Brest Gulf of Morbihan Marennes. Fig. 7. Haemolymph lysozyme activity expressed as µg ml_ 1 (mean, S.E., n = 7 -20). Lettering indicates the significant differences between sites for each sampling period (using Kruskal-Wallis test).

Linear regression analysis was performed on the mean or, where possible, on individual values of the physiological and immunological parameters. Linear regressions are presented in Table 4 for the correlation between immunological parameters and for the correlation between physiological and immunological parameters. Based on the established correlations, haemocyte size was negatively related to THC and positively to haemocyte mortality ( P < 0.05). Significant relationships between physiological and immunological parameters were also observed. Total haemocyte count, and protein and lysozyme contents were positively correlated to the condition index (P < 0.05, P < 0.05, and P < 0.1, respectively). THC was also positively related to the dry weight of clams (P < 0.05).

Discussion

In all sites, we observed a seasonal pattern for the condition index (CI) with the highest values in summer and the lowest values in winter. Most of the growth (wet weight and dry weight increases) was observed in spring and summer. These observations were in agreement with those of [START_REF] Paillard | Etiologie et caractérisation de la Maladie de l'Anneau Brun chez la palourde d'élevage, Ruditapes philippinarum[END_REF] on the CI of V. philippinarum and [START_REF] Laruelle | Reproductive pattern of the clams, Ruditapes decussatus and R. philippinarum on intertidal flats in Brittany[END_REF] on the annual reproductive cycles of V. philippinarum and V. decussatus in Brittany. In the Bay of Brest, [START_REF] Laruelle | Reproductive pattern of the clams, Ruditapes decussatus and R. philippinarum on intertidal flats in Brittany[END_REF] described an increase in CI from March until mid-August associated with gametogenesis and with two partial spawnings. The major decrease, which occurred in late August and early September, was attributed to complete spawning. In the Gulf of Morbihan, the CI increased dramatically from March until early June and then showed three major decreases corresponding to three complete spawnings in June, July and September. [START_REF] Goulletquer | Etude des facteurs environnementaux intervenant sur la production de la palourde japonaise d'élevage Ruditapes philippinarum[END_REF] reported two major spawnings in Marennes, one at the end of spring and an another at the end of the summer. [START_REF] Laruelle | Reproductive pattern of the clams, Ruditapes decussatus and R. philippinarum on intertidal flats in Brittany[END_REF] clearly demonstrated that the CI variation was closely related to maturation stages of V. philippinarum which are well known to be controlled by temperature and food availability [START_REF] Mann | The effect of temperature on growth, physiology, and gametogenesis in the Manila clam Tapes philippinarum (Adams and Reeve, 1850)[END_REF][START_REF] Laing | Effect of dried algae diets on conditioning and fecundity of Manila clams (Tapes philippinarum Adams & Reeves)[END_REF][START_REF] Sbrenna | Gametogenic and spawning patterns of Manila clams Tapes philippinarum (Bivalvia: Veneroida) in two lagoons of the River Po delta, Italy[END_REF]. A site effect was especially clear for total weight and dry weight. The fastest growth was obtained in Marennes with a wet weight increase of 20 g in 1 year, which is an excellent performance [START_REF] Flassch | Introduction in Europe, from 1972 to 1980, of the Japanese manila clam (Tapes philippinarum) and effects on aquaculture production and natural settlement[END_REF]. In less than 1 year and without any evidence of BRD, these clams were marketable. The better growth obtained in Marennes could be explained by the higher temperature in this site but also a higher food availability. Indeed, Marennes ponds are known to have a tremendously higher primary production compared to estuarine or oceanic culture sites, especially during spring and fall [START_REF] Robert | Production de microalgues des claires ostréicoles en relation avec l'azote organique dissous excrété par les huîtres[END_REF][START_REF] Goulletquer | Production de palourdes japonaises Ruditapes philippinarum (Adams et Reeve) en bassin semifermé: Approche énergétique et relations trophiques[END_REF]; however, this primary production was observed to decrease because of lack of nitrogen supply and due to intense filter feeding by bivalves during the summer in Marennes-Oléron area [START_REF] Robert | Production de microalgues des claires ostréicoles en relation avec l'azote organique dissous excrété par les huîtres[END_REF][START_REF] Goulletquer | Production de palourdes japonaises Ruditapes philippinarum (Adams et Reeve) en bassin semifermé: Approche énergétique et relations trophiques[END_REF]. This is proposed as an explanation of the lower reproductive effort, measured according to [START_REF] Lucas | L'effort de reproduction dans la stratégie démographique de six bivalves de l'Atlantique[END_REF], in Marennes [START_REF] Goulletquer | Etude des facteurs environnementaux intervenant sur la production de la palourde japonaise d'élevage Ruditapes philippinarum[END_REF] compared to the Bay of Brest or the Gulf of Morbihan [START_REF] Laruelle | Phénologie et déterminisme de la reproduction chez Ruditapes decussatus (L.) et R. philippinarum (Adams et Reeves) en Bretagne[END_REF]. No literature is available on clams reared in Chausey Islands, venerid culture started less than 5 years ago in this area. A reduced reproductive effort, in agreement with the maintenance of CI below 10 (reduced germinal growth) in the present study during the summer in Marennes ponds, may also favour the overall higher growth performance (somatic growth) obtained in Marennes ponds. In both Brittany sites, clams experienced massive mortalities during the winter in the Bay of Brest and during the summer in the Gulf of Morbihan. Winter mortalities in clams were frequently observed on the north coast of Brittany ranging from 10% to 80% [START_REF] Goulletquer | Etude des facteurs environnementaux intervenant sur la production de la palourde japonaise d'élevage Ruditapes philippinarum[END_REF][START_REF] Paillard | Etiologie et caractérisation de la Maladie de l'Anneau Brun chez la palourde d'élevage, Ruditapes philippinarum[END_REF]. Winter mortalities of clams in the rearing site at the Bay of Brest have also been described by [START_REF] Calvez | Impact of winter mortalities on post-larval and juvenile stages, in Ruditapes philippinarum from Western Brittany[END_REF] who proposed that a reduced food supply was a weakening factor. [START_REF] Paillard | Etiologie et caractérisation de la Maladie de l'Anneau Brun chez la palourde d'élevage, Ruditapes philippinarum[END_REF] suggested that oxygen depletion and high sulfur concentrations in sediment, due to algal deposition after winter storms, was associated with reduced clam CI and glycogen reserves and thus can contribute to winter mortality. Massive mortalities and low CI observed in Gulf of Morbihan during the last summer of the experiment could not be clearly explained but was suspected to be associated with intense algal fouling on the net kept on the experimental plot and/or oxygen depletion in the mud in this site. During this field survey, some immunological parameters were clearly affected by both location of rearing sites and seasonal variations. Seasonal effects were only demonstrated for THC, haemocyte size and protein content in haemolymph. High values of THC and protein content were observed in spring-summer and low values in autumn-winter. In contrast, haemocyte size was high in autumn-winter and low in spring-summer. Thus, haemocyte size was related to low total haemocyte count (THC), a relationship that can be explained by variation of the cell division rate. When cell division occurred, the size of resulting cells is speculated to be smaller than the size of mature cells. [START_REF] Carballal | Seasonal variation and effect of age, food availability, size, gonadal development, and parasitism on the hemogram of Mytilus galloprovincialis[END_REF] described a seasonal pattern with THC in mussels Mytilus galloprovincialis being positively correlated with water temperature. For the oyster Crassostrea virginica, THC was also observed to be high during summer and low during winter [START_REF] Chu | Annual variation of hemolymph components and Perkinsus marinus infection in oysters sampled from Deep Water Shoal, James River, Virginia[END_REF][START_REF] Volety | Influence of seasonal factors on oyster hemocyte killing of Vibrio parahemolyticus[END_REF]. Protein content of clams followed a seasonal pattern with high values in summer-autumn and low values in winter-spring at all sites. Haemolymph protein content has already been demonstrated to depend on the season although an inverse trend with the highest values in winter was found for the oyster C. virginica [START_REF] Fisher | Salinity effects on the activity of granular hemocytes of American oysters, Crassostrea virginica[END_REF][START_REF] Chu | Effect of environmental factor and parasitism on hemolymph lysozyme and protein of American oyster (Crassostrea virginica)[END_REF][START_REF] Fisher | Hematologic and serologic variability of eastern oysters from Apalachicola Bay, Florida[END_REF]. This difference can be traced to the ranges of protein content which appeared to be species-specific, 2.5-8.0 mg ml_ 1 for C. virginica [START_REF] Fisher | Hematologic and serologic variability of eastern oysters from Apalachicola Bay, Florida[END_REF] and 0.2-1.4 mg ml_ 1 for V. philippinarum (this study). The latter values are in agreement with the values found by [START_REF] Oubella | Changes in hemolymph parameters in the manila clam Ruditapes philippinarum (Mollusca, Bivalvia) following bacterial challenge[END_REF] and Allam et al. (2000a) which were around 0.3 mg ml_ 1 in haemolymph of Manila clams. Similar protein contents, ranging from 0.4 to 1.0 mg ml_ 1, were measured for V. decussatus [START_REF] Ordas | Immune parameters in carpet shell clams naturally infected with Perkinsus atlanticus[END_REF]. The percentage of dead haemocytes was observed to vary greatly during the field survey. However, the variations were difficult to associate with a seasonal pattern. Indeed, the small size of the animals and resulting difficulty in obtaining the haemolymph sample may explain the high percentage of dead haemocytes observed at the beginning of the experiment (July). However, the significantly higher percentage of dead haemocytes measured in October, as compared to others measured after October, was associated with the lowest THC and to a decrease of CI during this period. As mentioned earlier, this decrease not only reflects the completion of the spawning period, which occurred by the end of the summer, but also the decreasing food availability during the fall [START_REF] Goulletquer | Etude des facteurs environnementaux intervenant sur la production de la palourde japonaise d'élevage Ruditapes philippinarum[END_REF][START_REF] Laruelle | Phénologie et déterminisme de la reproduction chez Ruditapes decussatus (L.) et R. philippinarum (Adams et Reeves) en Bretagne[END_REF]. Interestingly, a higher percentage of dead haemocytes was observed in the Bay of Brest in February when animals were experiencing massive mortalities. [START_REF] Paillard | Changes in hemolymph and extrapallial fluid parameters in the American oyster, Crassostrea virginica affected by the Juvenile oyster disease[END_REF] indicated that a high percentage of dead haemocytes may be a good indicator of the physiological status especially before or during mortality events. No seasonal pattern was observed for the lysozyme content although higher lysozyme contents in clams were observed in October for the Normandy and Brittany sites. In C. virginica, several studies found a seasonal pattern with higher lysozyme content during winter and lower values during the summer [START_REF] Chu | Effect of environmental factor and parasitism on hemolymph lysozyme and protein of American oyster (Crassostrea virginica)[END_REF][START_REF] Chu | Annual variation of hemolymph components and Perkinsus marinus infection in oysters sampled from Deep Water Shoal, James River, Virginia[END_REF][START_REF] Volety | Influence of seasonal factors on oyster hemocyte killing of Vibrio parahemolyticus[END_REF]; however, [START_REF] Fisher | Hematologic and serologic variability of eastern oysters from Apalachicola Bay, Florida[END_REF] observed higher lysozyme levels in July and lower levels during fall and winter. In controlled conditions, [START_REF] Chu | Perkinsus marinus susceptibility and defense-related activities in eastern oysters Crassostrea virginica: temperature effects[END_REF] observed that after 20 days of temperature acclimatisation, lysozyme content was higher at 10 and 15 °C than at 20 and 25 °C. In the present study, the lysozyme content was correlated well with the location of rearing sites and sites could be ranked according to their lysozyme content, in the following descending order: Marennes, Chausey, Gulf of Morbihan and Bay of Brest. The greater food availability in Marennes ponds (as mentioned above for the growth performance) may be an explanation of the maintenance of a high lysozyme content in clams from this site. Indeed, the bacteriolytic enzyme lysozyme is believed to participate in the digestion of bacteria which can form a significant part of bivalve diet [START_REF] Mchenery | Distribution of lysozyme-like activity in 30 bivalve species[END_REF]. Although some relationships have been established experimentally between BRD development and physiological and immunological modifications [START_REF] Plana | Variations in the biochemical composition of the juveniles of manila clam, Ruditapes philippinarum, infected by a Vibrio sp[END_REF][START_REF] Oubella | Experimentally variation in hemocyte density for Ruditapes philippinarum and Ruditapes decussatus (Mollusca-Bivalvia)[END_REF][START_REF] Oubella | Changes in hemolymph parameters in the manila clam Ruditapes philippinarum (Mollusca, Bivalvia) following bacterial challenge[END_REF][START_REF] Oubella | Selective induction of hemocytic response in Ruditapes philippinarum by different species of Vibrio (Bacteria)[END_REF][START_REF] Allam | Rôle des fluides extrapalléaux des bivalves dans la défense immunitaire[END_REF]Allam et al., 2000a,b), their significance in the field could not be assessed during the present study because BRD prevalence was very low. The natural population of clams close to the experimental clams in the Gulf of Morbihan had a much higher prevalence of BRD, suggests that hatchery seed used in this experiment may be BRD resistant. Moreover, the same hatchery stocks from Marennes were experimentally challenged with V. tapetis after various salinity exposures and showed also low prevalence of BRD development (Reid et al., in press). Though both experiments are in agreement with the hypothesis of BRD resistance, this deserves further investigations and new experimental in vivo challenges must be performed in the laboratory. Although this study cannot be used to assess which environmental factors have the greatest impact on animal health, it provides valuable information on the range of variation of these parameters in the field. However, this study can be useful to generate hypotheses and thus design experiments aiming to discriminate the impact of individual environmental factors (physico-chemical, pollutants, food availability and quality, parasitism) as proposed by [START_REF] Fisher | A survey of oysters Crassostrea virginica from Tampa Bay, Florida: associations of internal defense measurements with contaminant burdens[END_REF]. It can also help construct numerical models exploring growth performance and disease susceptibility. Interestingly, total haemocyte count and protein and lysozyme concentrations were positively correlated to the condition index. Moreover, the winter mortality event in Bay of Brest has been associated with a depressed immunological status (high percentage of dead haemocytes, low THC, low lysozyme activity). Thus, these haematological parameters are proposed as pertinent tools to assess physiological status in association with other indices. Haematological parameters can also be considered as nondestructive since repeated haemolymph sampling in adductor muscle had no measurable effect on survival of the clam V. philippinarum [START_REF] Paillard | Repeated hemolymph sampling of individual clams: what does it tell us about sampling procedures? National Shellfish Association Workshop[END_REF]. Advancements in the use of tools for assessing physiological and immunological status can help clam farmers to locate the best sites for favourable development of venerid culture. Regarding the low BRD prevalence in seeded clams, further investigations are also needed to verify if the hatchery-spat stocks are disease resistant.

Fig. 1 .

 1 Fig. 1. Location in France of the different rearing sites utilised for the experiment.
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 2 Fig. 2. Monthly mean temperature profile of the rearing sites.
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 3 Fig. 3. Brown Ring Disease (BRD) prevalence (clams seeded in April 2000 were disease-free).
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 5 Fig. 5. Haemocyte mortality expressed as percentage of total cells (mean, S.E., n = 14-20 for October samples, n = 19-21 for February, April and August samples). Lettering indicates the significant differences between sites for each sampling period (using Kruskal-Wallis test).
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 6 Fig. 6. (a) Haemocyte size (FSC) expressed as arbitrary units (mean, S.E., n = 14-20 for October samples, n = 19-21 for February, April and August samples). Lettering indicates the significant differences between sites for each sampling period (using Kruskal-Wallis test). (b)Haemocyte complexity (SSC) expressed as arbitrary units (mean, S.E., n = 14-20 for October samples, n = 19-21 for February, April and August samples). Lettering indicates the significant differences between sites for each sampling period (using Kruskal-Wallis test).
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