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Introduction

Since the 1950s, marine ecosystems were sporadically subjected to the release of radionuclides (such as 134 Cs) from industries, nuclear accidents and fallout from nuclear weapon testing [START_REF] Friedlander | Radionuclides in the marine environment: a CRESP science review[END_REF]. Although this radioactive contamination has tended to decrease (e.g. [START_REF] Ito | Temporal and spatial variations of anthropogenic radionuclides in Japan sea waters[END_REF], it is still a concern in coastal areas receiving radioactive inputs. Marine biota can be directly impacted by waterborne contamination. It was particularly true after the accident that occurred in the civilian nuclear power plant of Fukushima where an important amount of radioactive Cs was released in the marine environment (Bailly du [START_REF] Bailly Du Bois | Estimation of marine source-term following Fukushima Dai-ichi accident[END_REF][START_REF] Chino | Preliminary estimation of release amounts of 131 I and 137 Cs accidentally discharged from the Fukushima Daiichi nuclear power plant into the atmosphere[END_REF]. After this accident, Cs isotope concentrations increased by up to 10e1000 times over prior levels in coastal waters off Japan [START_REF] Buesseler | Fukushima-derived radionuclides in the ocean and biota off Japan[END_REF].

Studies on Cs accumulation in marine biota have been subjected to many field investigations.

These studies provided some clues of Cs accumulation capacities of bivalves and fish (e.g. [START_REF] Kawai | Radioactive cesium accumulation in seaweeds by the Fukushima 1 nuclear power plant accidentdtwo years' monitoring at Iwaki and its vicinity[END_REF][START_REF] Rowan | Bioaccumulation of radiocesium by fish: the influence of physicochemical factors and trophic structure[END_REF] using metrics such as field concentration factors or ecological half-lives. However, until now, mechanisms explaining high accumulation capacities reported for certain marine organisms have yet to be unraveled [START_REF] Hamada | Food safety regulations: what we learned from the Fukushima nuclear accident[END_REF][START_REF] Buesseler | Fishing for answers off fukushima[END_REF]. Hence, levels reported from the field and questions about contamination pathways or depuration capacities of contaminated organisms need to be investigated further.

Laboratory characterizations of bioaccumulation parameters under controlled conditions are key to better understand the significance of field measurements and some studies already highlighted the importance of some factors (e.g., salinity, temperature, individual size/age) that influence Cs bioaccumulation [START_REF] Carlson | Effects of salinity on the uptake of radionuclides by Fucus vesiculosus L[END_REF][START_REF] Ke | Uptake and depuration of cesium in the green mussel Perna viridis[END_REF][START_REF] Topcuoǧlu | Bioaccumulation of 137 Cs by biota in different aquatic environments[END_REF] or the relative importance of the different exposure pathways (e.g. [START_REF] Metian | Metal and metalloid bioaccumulation in the Pacific blue shrimp Litopenaeus stylirostris (Stimpson) from New Caledonia: laboratory and field studies[END_REF]. Indeed, laboratory studies allow [START_REF]A) of Cs in three bivalve's species (G. pectinatum, I. isognomum and M. regula), one species of shrimp (P. stylirostris) and one alga (L. variegata) for 24-28 d to dissolved radiotracers (n = 10-22) and their following depuration kinetics (B) when thereafter maintained for 43-62 d in clean seawater (n = 7-15). All values are mean + SD and equations of kinetic models are described in Table 2[END_REF] comparing the bioaccumulation capacities of different marine organisms in fairly comparable contamination conditions, (2) informing about food chain transfer, (3) delineating the major uptake pathway(s) through computation of the data, and (4) providing a clear insight of major biological mechanisms that are activated during pollution events. In the past, a series of experimental studies have investigated the bioaccumulation of radio-cesium in different phyla (e.g. [START_REF] Bustamante | Assessment of the exposure pathway in the uptake and distribution of americium and cesium in cuttlefish (Sepia officinalis) at different stages of its life cycle[END_REF][START_REF] Hattink | Accumulation of 137 Cs in the European sea bass Dicentrarchus labrax (L.) in a salinity gradient: importance of uptake via gills, diet and ingested water[END_REF]Warnau et al., 1996a) focusing on food and/or seawater exposures. Some of these works suggested that Cs might be potentially biomagnified through marine food chain (e.g. Mathews and Fisher, 2008;Mathews et al., 2008;[START_REF] Zhao | Biomagnification of radiocesium in a marine piscivorous fish[END_REF]. Although few studies have tested the contribution of sediment in the global accumulation [START_REF] Børretzen | Bioavailability of sediment-associated and low molecular-mass species of radionuclides/trace metals to the mussel Mytilus edulis[END_REF][START_REF] Bustamante | Assessment of the exposure pathway in the uptake and distribution of americium and cesium in cuttlefish (Sepia officinalis) at different stages of its life cycle[END_REF][START_REF] Metian | Characterization of 241 Am and 134 Cs bioaccumulation in the king scallop Pecten maximus: investigation via three exposure pathways[END_REF], limited knowledge about Cs transfer from sediments is available.

Due to the documented influence of temperature on the Cs uptake [START_REF] Carlson | Effects of salinity on the uptake of radionuclides by Fucus vesiculosus L[END_REF][START_REF] Ke | Uptake and depuration of cesium in the green mussel Perna viridis[END_REF][START_REF] Topcuoǧlu | Bioaccumulation of 137 Cs by biota in different aquatic environments[END_REF], bivalves from tropical regions are expected to accumulate more Cs than those from temperate regions. However, limited information is available on radio-cesium bioaccumulation in tropical areas, although previous radioactive contamination events have occured there (e.g. [START_REF] Mittelstaedt | Transport of radionuclides from the Mururoa and Fangataufa atolls through the marine environment[END_REF]. Furthermore, no information is available regarding the relative importance of the uptake pathways in these warmer areas.

In this context, the aim of the present study was to investigate the bioaccumulation of Cs in tropical marine organisms via different exposure pathways (seawater, food, and sediment): the bivalves Gafrarium pectinatum (previously called Gafrarium tumidum), Isognomon isognomum and Malleus regula, the Pacific blue shrimp Penaeus stylirostris and the brown alga Lobophora variegata. When more than one exposure pathways was investigated, we also assessed the relative contribution of these pathways.

Materials and methods

Sampling and acclimation

All the organisms examined originated from NewCaledonia. The Pacific blue shrimps P. All the organisms were then shipped to IAEA-EL premises in Monaco, where they were acclimated to laboratory conditions (open circuit, 400-3000-L aquaria, water renewal: 30% h - 1 ; T°: 25 ± 0.5 °C; salinity: 36 p.s.u.; pH: 8.0 ± 0.1; light/dark cycle: 12 h/12 h) for 2 months prior to experiments. During this period, clams and oysters were fed daily a mixed algal diet (Isochrysis galbana, Heterocapsa triquetra, Thalassiosira pseudonana, Emiliania huxleyi; total cell density: 10 4 cells mL -1 ) and shrimps were fed daily precooked mussels (Mytilus edulis).

Radiotracer and counting

Uptake and depuration kinetics of 134 Cs in orgnisms were determined using a high-specific activity radiotracer purchased from Isotope Product Lab ( 134 CsCl 0.1 N, T½ = 2 years). Tracer was counted using a high-resolution γ-spectrometer system composed of 5 Germanium (N-or P-type) detectors (EGNC 33-195-R, Canberra ® and Eurysis ® ) connected to a multi-channel analyzer and a computer equipped with a spectra analysis software (Interwinner ® 6). The radioactivity was determined by comparison with standards of known activity and of appropriate geometry. Measurements were corrected for counting efficiency and physical radioactive decay. The counting time was adjusted to obtain a propagated counting error less than 5% [START_REF] Rodriguez Y Baena | A single vs. double spike approach to improve the accuracy of 234 Th measurements in smallvolume seawater samples[END_REF][START_REF] Metian | Bioaccumulation and detoxification processes of Hg in the king scallop Pecten maximus: field and laboratory investigations[END_REF].

Experimental procedure

Independent experiments were carried out to investigate Cs bioaccumulation in three bivalve species, one decapod crustacean and one alga. Depending on the species, one to three different exposure pathways were studied: seawater, food and sediment. Details of the experimental conditions are provided in Table 1. In all experiments, for individual recognition, bivalves were tagged on the shell, alga and shrimp were kept individually in a cylindrical PVC container (160 mm height X 80 mm diameter) covered above and below with 300-mm mesh size net (to allow free water circulation).

Seawater exposure

For each species, ten to twenty two individuals were placed in 70-L glass aquaria (T°: 25 ± 0.5°C; salinity: 36 p.s.u.; pH: 8.0 ± 0.1, light/dark cycle: 12 h/12 h). Organisms were exposed from 24 d (for the shrimps) to 28 d (for the other species) to the 134 Cs radiotracer with a nominal activity of 1-1.6 kBq L -1 (added radiotracer was dissolved in 0.45-mm filtered seawater according to the method described by Warnau et al., 1996b). Seawater exposures were realized in close-circuit aquaria constantly aerated. For each experiment, no change in pH was detectable after tracer addition.In order to keep radioactivity in seawater as constant as possible, seawater and spike were daily renewed during the first two weeks, then every second day. Activity of the radiotracer in seawater was checked daily, and before and after each spike renewal in order to calculate time-integrated activities (1.14 ± 0.19 Bq mL -1 to 1.62 ± 0.13 Bq mL -1 ).

Immediately before each renewal of seawater and spike, bivalves and shrimps were fed briefly (30 min) with mixed algal diet (10 4 cells L -1 ) and mussels (ad libitum), respectively, in clean -unspiked -seawater. For each experiment, organisms were collected at different time intervals to be whole-body radio-analyzed. For bivalves, some organisms (n = 3) were sacrificed at the same time intervals for dissection and determination of 134 Cs distribution between soft-parts and shells. At the end of the exposure period, 3 to 5 individuals of bivalves and shrimps were sacrificed for fine dissection (up to 5 body compartments for shrimp). Each body compartment was then weighed and radioanalyzed and activities of these compartments were summed up in order to get compartments presented in Table 3 andto isognomum) were collected at the end of the depuration period and dissected as previously described.

Food experiments

Preparation of the radiolabelled food for shrimp was carried out by exposing commercial mussels (M. edulis) for 3 weeks via natural seawater spiked with 3 kBq 134 Cs L -1 . For the bivalves, phytoplankton (I. galbana) was exposed for 6 d to the radiotracer in a 5-L glass Erlenmeyer using the same activity as the one used for the seawater exposure experiment (viz.

1.6 kBq L -1 ). At the end of the exposure period, phytoplankton was centrifuged at 2500g for 20 min in a Sorvall® RC28S ultracentrifuge, then re-suspended in clean seawater and the cell density was counted. The radioactivity of I. galbana and its spiked mediumwas g-counted before and after the cellular centrifugation.

Ten to twenty individuals of bivalves and shrimp were placed in 50 L h -1 , T°: 25 ± 0.5°C; salinity: 36 p.s.u.; pH: 8.0 ± 0.1, light/dark cycle: 12 h/12 h). After one week of acclimation in these aquaria, organisms were allowed feeding on radiolabelled food (2 h for bivalves; 3 h for shrimp; pulse-chase feeding method; see e.g. [START_REF] Metian | Bioaccumulation of essential metals (Co, Mn and Zn) in the king scallop Pecten maximus: seawater, food and sediment exposures[END_REF][START_REF] Metian | Metal and metalloid bioaccumulation in the Pacific blue shrimp Litopenaeus stylirostris (Stimpson) from New Caledonia: laboratory and field studies[END_REF]. In parallel, nonexposed individuals of shrimp and empty shells of bivalves were placed in the same aquaria during the feeding period. The latter ones were used as a control for any possible radiotracer recycling from seawater due to radiotracer leaching from the contaminated food or, later on, from depuration from the exposed animals. At the end of the feeding period, each individual (including controls) was whole-body g-counted alive. From then onwards, organisms were regularly radio-analyzed to follow the radiotracer depuration kinetics over 39 d (shrimp) to 64 d (bivalves). At the end of the depuration period, 3 to 6 individuals of each species were dissected.

Sediment experiments

Sediment (3 kg dry wt), collected in Sainte-Marie Bay, New Caledonia, was placed for 7 d in 3 L of seawater and daily spiked with 1 kBq L -1 of 134 Cs, according to the method described by [START_REF] Danis | Delineation of PCB uptake pathways in a benthic sea star using a radiolabelled congener[END_REF] and adapted by [START_REF] Hédouin | Delineation of heavy metal contamination pathways (seawater, food and sediment) in tropical oysters from New Caledonia using radiotracer techniques[END_REF]. Sediment was then placed in a 70-L aquarium to form a continuous, 2-cm thick layer. Weakly bound radiotracer was allowed leaching overnight under flowing seawater. Bivalves (n = 10-20 per species) were then placed in the aquarium (flowing natural seawater, flux: 50 L h -1 , T°: 25 ± 0.5°C; salinity: 36 p.s.u.; pH: 8.0 ± 0.1, light/dark cycle: 12 h/12 h) for 35 d. All individuals of each species were regularly radio-analyzed during the exposure period. Sediment samples were also regularly collected and γ-counted to verify that the radiotracer activities remained constant. At the end of the exposure period, some individuals (n = 3-5 per species) were collected and dissected for determining 134 Cs body distribution.

Remaining individuals were transferred for 49 d into a new aquarium (same conditions as previously described, but with clean -unspiked -sediment) in order to follow the depuration kinetics of 134 Cs. The radioactivity in sediment was regularly checked in order to ensure that no tracer recycling occurred in the sediment. Although no radioactivity was detected in the sediment, the whole sediment was renewed after one week. At the end of the depuration period, some individuals (n = 3-5 per species) were collected and dissected for determining 134 Cs body distribution.

Cs release during ecdysis of the Pacific blue shrimp P. stylirostris

During both depuration period following seawater and feeding experiments (see 2.3.1 and 2.3.2), few moulting events occurred for the studied shrimp. Associated release of Cs was studied although this was not the scope of the present paper. A description of the collection methodology can be found in [START_REF] Metian | Metal and metalloid bioaccumulation in the Pacific blue shrimp Litopenaeus stylirostris (Stimpson) from New Caledonia: laboratory and field studies[END_REF] and a brief analysis of the results is available in the Appendix.

Data analysis

Uptake kinetics of 134Cs were expressed in terms of change in concentration factor (CF, viz. ratio between whole-body activity -Bq g -1 wet wt -and time-integrated activity of radiotracers in seawater -Bq g -1 ) over time for the seawater exposure and in terms of change in transfer factors (TF: ratio between the whole-body activity -Bq g -1 wet wt -and time-integrated activity in the sediment -Bq g -1 wet wt) over time for the sediment exposure.

Kinetics were best described using a simple first-order exponential kinetic model (Eq. ( 1)):

CFt = CFss (1 -e -ket ) (1)
where CFt and CFss are the concentration factor at time t (d) and at steady-state, respectively, and ke is the depuration rate constant (d -1 ) (e.g. [START_REF] Whicker | Radioecology: Nuclear Energy and the Environment[END_REF].

Depuration kinetics of 134 Cs in seawater, food and sediments experiments were expressed as the change in the percentage of remaining radioactivity (radioactivity at time t divided by the initial radioactivity measured in organisms at the beginning of the decontamination period * 100) over time. The depuration kinetics were best fitted using either a simple-component (Eq.

(2)) or twocomponent exponential depuration model (Eq. ( 3)):

At = A0s e -ket (2) At = A0s e -kest + A0l e -kelt (3)
where ke is the depuration rate constant (d -1 ), At and A0 are the remaining activities (%) at time t (d) and 0, respectively; 's' and 'l' subscripts stand for the shortand long-lived exponential components, respectively. A biological half-life (Tb½s and Tb½l) may be calculated from the corresponding depuration rate constant (kes and kel, respectively) according to the relation Tb½ = ln2/ke [START_REF] Whicker | Radioecology: Nuclear Energy and the Environment[END_REF]. Model constants and their statistics were estimated by iterative adjustment of the model using the non linear curve fitting routines in the Statistica® software 7.0. The level of significance for statistical analyses was always set at α = 0.05.

The relative contribution of each pathway (seawater, food and sediment) was determined using a global bioaccumulation model as detailed in [START_REF] Hédouin | Delineation of heavy metal contamination pathways (seawater, food and sediment) in tropical oysters from New Caledonia using radiotracer techniques[END_REF]. The equation of the model has been modified to integrate each exposure pathway (seawater, food and sediment) as necessary (sediment was not considered for shrimps). The parameters used in the global bioaccumulation model were the biokinetic parameters obtained from our experiments as well as the ingestion rate of each species (g -1 d -1 , wet wt basis; from a preliminary set of experiments on bivalves and on shrimp) and the partition coefficients in phytoplankton (Kdf; calculated as Concentration Factor after 6 d of exposure e n = 3 -, right before feeding organisms). Partition coefficients in sediment (Kds) was obtained from the litterature (IAEA, 2004).

Results

Seawater experiments

The whole-body uptake kinetics of 134 Cs from seawater in the 5 investigated species are depicted in Fig. 1A. They were best described by a first-order exponential model. In both oysters I. isognomum and M. regula, 134 Cs was taken up in a similar manner, reaching wholebody concentration factors at steady state (CFss) of 1.29 ± 0.52 and 1.21 ± 0.04, respectively, after 28 d (Table 2). 134 Cs was accumulated more efficiently in the non-bivalve taxa. Indeed, after 24 d and 28 d of exposure, the shrimp P. stylirostris and the alga L. variegata reached whole-body CFss of 8.3 ± 0.2 and 15.6 ± 1.0, respectively.

The dissections carried out on bivalves during the seawater exposure period allowed determining the uptake kinetics of 134 Cs in the whole soft-parts of the 3 species of bivalves (Fig. 2). The latter kinetics were also best described by a first-order exponential model and M. regula displayed a slightly higher concentration factor than I. isognomum and G. pectinatum (CFss of 4.62 ± 0.44, 3.74 ± 0.71 and 3.26 ± 0.13, respectively) although differences were not statistically significant.

The results of the depuration kinetic experiments over 43-62 d after the uptake period are shown in Fig. 1B. The whole-body depuration kinetics were best fitted by a double exponential model in the three bivalves, and were best described by a simple exponential model in the alga and the shrimp. In the case of a double exponential model, the long-term compartment contributed to 38-53% of the depuration kinetic. In this compartment, Cs was strongly retained (22 d for the clam and tending to infinity for the oysters). At the end of the depuration period, remaining activities in whole soft-parts of the oysters and the clams were 18 ± 9% and 19 ± 14%, respectively (data not shown; the associated model parameters could not be determined accurately for these whole soft-parts depuration).

The distribution of 134 Cs between soft tissues and shells of the organisms at the end of uptake time (28 d) is shown in Table 3. The major part of the 134 Cs activity was localized in the shells in both oysters (80-83%) whereas in clams the main fraction of 134 Cs was present in the softparts, even though shells represented 84% of the total body weight. Calculated CF28d in whole soft-parts confirmed this result (CF28d soft-parts: 3.2 ± 1.1 vs. CF28d whole body: 0.8 ± 0.3; Table 4). Substantial concentration capacities of the oyster soft parts were also highlighted by higher CF28d in the whole soft-parts than for the whole body (Table 4). As for the shrimp, the major part of 134 Cs was localized in the abdominal muscle, which contained 87.5% of whole body activity. At the end of depuration phase, the proportion of Cs associated with whole soft-parts was greater than that observed at the end of the uptake period in both oyster species (increasing from 17 to 20% at the end of the uptake phase to 60-74% at the end of the depuration phase).

In contrast, the distribution of 134Cs in the soft tissues of the clams at the end of the depuration phasewas not significantly different than at the end of uptake phase (Table 3).

Food experiments

The whole-body depuration kinetics of 134 Cs ingested with food were best fitted by a double exponential model in the investigated organisms (oysters, clam and shrimp; Fig. 3 and Table 2). Assimilation efficiencies (A0l) were variable depending on the species, from 7 to 9% for the oysters to 39% and 41% for the shrimp and the clam. The lowest depuration rate values (kel) were obtained for the clam (0.008 ± 0.005 d -1 ). The higher kel was observed for the shrimp (0.044 ± 0.008 d -1 ). An intermediate situation was observed for the oysters, with kel = 0.013 ± 0.003 d -1 for I. isognomum and 0.018 ± 0.004 d -1 for M. regula. The values of kel allowed determining Tb½l ranging between 16 and 89 d (Table 2).

At the end of the depuration period, 134 Cs was mainly associated with the soft-parts of the bivalves (75-81% of the total body load; Table 3) except for the oyster I. isognomum for which the largest part of 134 Cs was associated with the shell (i.e., 72%; Table 3). In the shrimp the major part of 134 Cs was stored in the muscle (73%).

Sediment experiments

The uptake kinetics of the bivalves exposed to radiolabelled sediment during 35 d were best described by an exponential modelwith a steady state reached within the ten first days of exposure. The values of the 134 Cs transfer factor at steady state (TFss) were low (<0.1) for all species examined (Fig. 4A, Table 2).

The depuration kinetics were best described by a double exponential model. The proportion of 134 Cs associated with the long-lived component was higher than in the depuration kinetics observed after the seawater and dietary exposures. The biological half-life of 134 Cs depurated according to this long-lived component ranged between 36 and 58 d. Both oysters displayed similar behavior and retained 62-63% of 134 Cs from sediment vs. 79% for the clam (Fig. 4B, Table 2).

The body distribution of 134 Cs at the end of the exposure period (35 d) is shown in Table 3. The major part of the 134 Cs activity was associated with the shell for both oysters (>98%) as well as for the clam (78%; Table 3). The fraction of 134 Cs associated with the soft-parts of the bivalves represented only <2%-22%, and TF30d lower than whole-body were calculated in the soft-parts (Table 4).

At the end of the depuration period, tissue distribution of 134 Cs was similar with 134 Cs mainly located in the shells of all bivalves (>94%; Table 3).

Bioaccumulation model

The relative contribution of each exposure pathway to the global bioaccumulation of 134 Cs in the bivalves and the shrimp was calculated using the kinetic parameters determined in the different experiments (see paragraph 2.4. and Table 2) and other parameters such as the 134 Cs Kdf in phytoplankton (8178 for I. galbana; present study) and mussel (100; Wang et al., 2000), Kds in sediment (4000; IAEA, 2004) and the ingestion rates determined in bivalves and shrimp (IR = 0.0046-0.0149 g g -1 d -1 and 0.3472 g g -1 d -1 respectively; present study). Results of the computations indicate that the food pathway was the major contributor (56-83%) to the global bioaccumulation of 134 Cs in the different taxa whereas seawater and sediment contributed for <1-31% and 6-24%, respectively (Fig. 5).

Discussion

There is currently a lack of knowledge about the bioacumulation of 134 Cs in tropical marine taxa and thereby on the relative importance of the different exposure pathways for these organisms. Based on the fact that temperature influences positively the uptake of Cs in marine organisms, some authors have speculated that tropical marine species such as bivalves may have higher Cs accumulation capacity than similar species from temperate regions [START_REF] Ke | Uptake and depuration of cesium in the green mussel Perna viridis[END_REF]. The present study provides first answers to this assumption by characterizing Cs accumulation in different species from New Caledonia (South Pacific) exposed via different pathways (seawater, food and sediment) and by comparing results obtained with published data on Cs accumulation in different temperate species (see Fig. 6).

In this study, whole-body CFs of 134Cs were generally low (<1.3 for bivalves) but in accordance with the values reported in other studies, which ranged between 0.8 and 7, with maximal values for the clam Macridiscus melanaegis [START_REF] Ueda | Comparison of influences of sediments and sea water on accumulation of radionuclides by marine organisms[END_REF]. Our results indicate that tropical bivalves did not accumulate 134 Cs more than species from temperate regions (Fig. 6) as what was speculated in mussels [START_REF] Ke | Uptake and depuration of cesium in the green mussel Perna viridis[END_REF] or in freshwater fish [START_REF] Twining | Bioaccumulation of 137 Cs and 85 Sr by an Australian sub-tropical freshwater teleost (Bidyanus bidyanus)[END_REF].

The similarity of concentration capacities between tropical and temperate species is also true for the studied alga and shrimp. Indeed, the CF obtained in P. stylirostris (8.26) is relatively low compared to CFs from temperate decapod crustaceans (Fig. 6). For example, [START_REF] Sezer | Biokinetics of radiocesium in shrimp (Palaemon adspersus): seawater and food exposures[END_REF] observed CF of 15 after 30 d of exposure in the Baltic prawn Palaemon adspersus.

In the present study kinetics parameters were mainly obtained from whole-body kinetics analyses, thus including the shell compartment. The role of the shell was somehow highlighted during our experiments and it can explain some of the differences observed among species. For example, during the exposure to 134 Cs by radiolabelled sediment, whole body TFs were strongly different between oysters and clams (factor 4 higher for oysters) whereas TFs in whole softparts did not differ to such a high extent (Table 4).

Compared to whole-body weight, shell weigth in oysters and clams greatly differ, as well as the shell anatomy, structure and composition. In addition, shell surface/volume ratio is much higher in oysters (flattened shape) than in clams (rounded shape). All these shell characteristics can influence whole-body bioaccumulation kinetics, as shown in the results section of this study (e.g. body distribution of Cs or CFs and TFs in whole-body individuals vs. their body compartments). In particular our results showed that shells of the oysters are much more Csreactive than those of the clams for which the soft-parts are the main accumulator of Cs.

The study also showed that the distribution of 134 Cs in bivalves and shrimp was pathway-and species-dependent. In most cases, 134 Cs ingested from food was associated with internal tissues. Wang et al. (2000) have already demonstrated that more than 99.5% of 134 Cs was concentrated in the soft-parts of the scavenging gastropod Babylonia formosae habei after food exposure. Conversely, in most cases, when organisms were exposed via seawater, Cs was mainly associated with the shells. This result is not surprising as adsorption processes on external surfaces are logically dominant when organisms are exposed through ambient water, whereas absorption processes through internal surfaces are dominant when exposed via the food [START_REF] Carvalho | An experimental study on the bioaccumulation and turnover of Po 210 and Pb 210 in marine shrimp[END_REF][START_REF] Guary | Experimental study of the transfer of transuranium nuclides in marine decapod crustaceans[END_REF].

The determination of the predominant uptake pathway(s) of 134 Cs provides important information. Some authors have reported that food is the major route for Cs uptake in taxa such as cephalopods [START_REF] Bustamante | Assessment of the exposure pathway in the uptake and distribution of americium and cesium in cuttlefish (Sepia officinalis) at different stages of its life cycle[END_REF], teleosts and elasmobranchs [START_REF] Hewett | The accumulation of radioactive caesium from food by the plaice (Pleuronectes platessa) and the brown trout (Salmo trutta)[END_REF][START_REF] Pentreath | The Uptake of Radionuclides by I-Group Plaice (Pleuronectes platessa) off the Cumberland Coast, Irish Sea[END_REF]. Sediments can also act as a significant source of contaminants to filter-feeders and burrowing organisms (e.g., [START_REF] Fisher | The trophic transfer of metals in marine systems[END_REF]Luoma,1995). For instance, particulate matter can represents 13% of the source of accumulated Cs in the green mussel Perna veridis (Wang et al., 2000). However, most of the previous studies assessed relative importance of uptake pathways by comparing kinetic parameters or CF and TF. Actually such simple comparison is not that informative. Indeed, TF from sediment are generally much lower than CF from sea water, but the radionuclide concentration in sediment is generally much higher than that in seawater; bioaccumulated quantities depend on both parameters. The bioaccumulation model developed by [START_REF] Thomann | Equilibrium model of fate of microcontaminants in diverse aquatic food chains[END_REF] and [START_REF] Thomann | Steady-state model of biota sediment accumulation factor for metals in two marine bivalves[END_REF] allows the determination of relative contributions [START_REF] Landrum | Toxicokinetics in aquatic systems: Model comparisons and use in hazard assessment[END_REF]. Our study showed that food was the main source of Cs for the 3 bivalve species studied as well as for the Pacific blue shrimp. The proportion of dietary contribution is not clearly dependent of the AE factor. Indeed, although both oyster species have similar and relatively low AE (7-9%), the dietary contribution varied largely (56-83%). But the contribution of food was positively related to their ingestion rate (IR): I. isognomum had a lower IR than M. regula (0.0046 g g -1 d -1 vs. 0.0149 g g -1 d -1 , respectively) and a lower contribution of food (56% vs. 83%). Similarly to bivalves, this relation also exists for P. stylirostris (high IR -0.0434 g g -1 d -1 -and a relatively high proportion of the Cs coming from food e 78% -). Altough there are not directly comparable due to the different food tested (mussels vs. phytoplankton).

Conclusion

The present study provides new information about Cs accumulation in different tropical marine taxa. Results indicate that the selected tropical species accumulate globally Cs similarly than species from temperate regions but absorption efficiency seems to be greater in the tropical species. Nonetheless, there are large interspecific differences regarding the physiological parameters driving the accumulation of the radionuclide via the three different pathways tested (seawater, food and sediments). The use of a global bioaccumulation model based on wholebody biokinetic parameters showed that food was the predominant uptake pathway for 134 Cs bioaccumulation in the 3 bivalve species and the Pacific blue shrimp. [START_REF] Gutknecht | Uptake and retention of 137 Cs and 65 Zn by seaweeds I[END_REF][START_REF] Topcuoǧlu | Bioaccumulation of 137 Cs by biota in different aquatic environments[END_REF][START_REF] Ueda | Comparison of influences of sediments and sea water on accumulation of radionuclides by marine organisms[END_REF]Warnau et al., 1996). b [START_REF] Børretzen | Bioavailability of sediment-associated and low molecular-mass species of radionuclides/trace metals to the mussel Mytilus edulis[END_REF][START_REF] Bryan | The accumulation of radioactive caesium by marine invertebrates[END_REF][START_REF] Cranmore | Loss of 137 Cs and 60 Co from the oyster Crassostrea gigas[END_REF][START_REF] Evans | Uptake and loss of 134 Cs and 60 Co by the Baltic bivalve Macoma baltica in a laboratory microcosmos[END_REF]Güngor et al., 2001;IAEA, 1975;[START_REF] Kalaycı | Investigation of radiocesium biokinetics in Manila clam (Ruditapes philippinarum)[END_REF][START_REF] Metian | Characterization of 241 Am and 134 Cs bioaccumulation in the king scallop Pecten maximus: investigation via three exposure pathways[END_REF][START_REF] Morgan | The uptake of radioactivity by fish and shellfish I: 134 Cs by whole animals[END_REF][START_REF] Nolan | Accumulation of metal radiotracers by Mytilusedulis[END_REF][START_REF] Norfaizal | Experimental Studies on the Biokinetics of 134 Cs and 109 Cd in the Blood Cockle Anadara Granosa[END_REF][START_REF] Pouil | Delineation of 134Cs uptake pathways (seawater and food) in the variegated scallop Mimachlamys varia[END_REF][START_REF] Qureshi | Bioaccumulation of 137 Cs, Zn and Cr[VI] in the green mussel Perna viridis: influence of salinity and temperature[END_REF][START_REF] Suzuki | Accumulation of 137 Cs by useful mollusca[END_REF][START_REF] Ueda | Comparison of influences of sediments and sea water on accumulation of radionuclides by marine organisms[END_REF]Wang et al., 2000;[START_REF] Yu | Biokinetics of cesium in Perna viridis[END_REF]. c [START_REF] Bryan | Potassium metabolism and the accumulation of 137 Cs by decapod Crustacea[END_REF][START_REF] Morgan | The uptake of radioactivity by fish and shellfish I: 134 Cs by whole animals[END_REF][START_REF] Sezer | Biokinetics of radiocesium in shrimp (Palaemon adspersus): seawater and food exposures[END_REF][START_REF] Topcuoǧlu | Bioaccumulation of 137 Cs by biota in different aquatic environments[END_REF]Warnau et al., unpublished data). Table 1. Experimental conditions used for the different independent experiments. The conditions of exposure were similar the one from to acclimation period (T°: 25 ± 0.5°C; salinity: 36 p.s.u.; pH: 8.0 ± 0.1; light/dark cycle: 12 h/12 h).

Table 2. Parameters (mean ± ASE, n = 6-22) of the whole-body uptake and/or depuration kinetics of 134 Cs in three bivalves species (G. pectinatum, I. isognomum and M. regula), one species of shrimp (P. stylirostris) and one alga (L. variegata) exposed to the radiotracers via seawater (A) and/or food (B) and/or sediment (C). Uptake parameters: CFss: concentration factor at steady state ku: uptake rate constant (d -1 ); E: exponential model. Depuration 

  stylirostris were obtained from the Ifremer experimental farm (Station d'Aquaculture Ifremer de Saint-Vincent, New Caledonia) in 2002. The clams G. pectinatum were collected by seashore fishing in Dumbéa Bay (22°11'2.50''S, 166°24'3.80''E), the two oysters I. isognomum and M. regula and the brown alga, L. variegata were collected by SCUBA diving in Maa Bay (22°12''0.29''S, 166°19'0.42'' E) in 2002.

  determine 134 Cs body distribution. The remaining animals (n = 7-10 per species) were then placed in non-contaminating conditions (open circuit, water renewal: 50 L h -1 , T°: 25 ± 0.5°C; salinity: 36 p.s.u.; pH: 8.0 ± 0.1, light/dark cycle: 12 h/12 h) for 43 d (shrimp) to 59 d (bivalves and alga) in order to follow the depuration kinetics of 134 Cs from the organisms. Three individuals of each species (except for I.
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 2 Figure 2. Whole soft-parts Concentration Factors (CF, mean ± SD, n = 3-5) of 134 Cs in three

Fig. 3 .

 3 Fig. 3. Depuration kinetics of Cs in three bivalve's species (G. pectinatum, I. isognomum and

Figure 4 .

 4 Figure 4. Uptake kinetics (A) of Cs in three bivalve's species (G. pectinatum, I. isognomum and

Figure 5 .

 5 Figure 5. Relative contributions (%) of the uptake pathways (seawater, food and sediment) to the total bioaccumulation of 134 Cs in three bivalve's species (G. pectinatum, I. isognomum and

Figure 6 .

 6 Figure 6. Comparison of kinetic parameters: concentration and transfer factors (TF and CF) and percentages of retention (A0) obtained for Cs from in different taxa in experimental conditions. For each study, three values were considered: the mean and the mean ± SD obtained for CF and/or A0. When the values were not directly available, a graphical estimate was performed from uptake and depuration kinetics. Bars are ranges of values. Light gray and dark gray bars represent respectively values from literature and values of this study. Black vertical lines indicate means calculated from all the considerate values. a[START_REF] Gutknecht | Uptake and retention of 137 Cs and 65 Zn by seaweeds I[END_REF][START_REF] Topcuoǧlu | Bioaccumulation of 137 Cs by biota in different aquatic environments[END_REF] 

  parameters: A0s and A0l: activity (%) lost according to the short-and the long-lived exponential component, respectively; Tb½: biological half-life (d) [Tb½ = ln2/ke]; O and T: one-component and two-components exponential models, respectively. ASE: asymptotic standard error; R²: determination coefficient of kinetics. Probability (p) of the parameter estimation. NS (Not significant): p > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001. Table 3. Body distribution (%; mean ± SD) of 134 Cs in three bivalve species (G. pectinatum, I. isognomum and M. regula) and one species of shrimp (P. stylirostris) during seawater (after 24-28 d of exposure and after 43-72 d of depuration), feeding (39-72 d after feeding the organisms with radiolabelled I. galbana for bivalves and M. edulis for shrimp) and sediment (after 35 d of exposure and after 49 d of depuration) experiments.Weights were expressed as a percentage of total mass.Weight proportions (%) are provided such as the number of individuals (n) dissected each time (under brackets).

  n.a. : information not available. a This compartment includes muscle, digestive tract and cuticle. b Deveined muscle.

  Table 4. Whole-body and tissues Concentration factors and Transfer factor (mean ± SD, n = 3-5) of 134 Cs in three bivalve species (G. pectinatum, I. isognomum and M. regula) seawater (after 28 d of exposure) and sediment (after 30 d of exposure) experiments.
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