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Among natural radionuclides, 210 Po is the major contributor to the radiation dose received by marine organisms. In cephalopods, 210 Po is concentrated in the digestive gland, which contains over 90% of the whole-body burden of the nuclide. Although previous studies showed that 210 Po was taken up independently of 210 Pb, its parent nuclide, very little is known about the factors influencing its levels in cephalopods. To the best of our knowledge, no studies investigated 210 Po levels in different species at the same time. In the present study, 210 Po was analysed in the digestive gland of 62 individuals from 11 species representing a large range of feeding ecologies and habitats, including squids, cuttlefish and octopus species from coastal to deep-oceanic habitats. Among species, the highest activity was measured in Loligo vulgaris (5720 ± 3606 Bq/kg) and the lowest in T. megalops (188 Bq/kg). However, considering the habitats (benthic vs pelagic and neritic vs oceanic), no significant differences appeared. At the species level, no differences between sexes were found so both sexes were plotted together to test the size effect for species with at least 8 individuals (i.e., Eledone cirrhosa, L. vulgaris, L. forbesi and Sepia officinalis). In the first three species, 210 Po levels decreased significantly with increasing size or weight but not in S. officinalis. In squid, this could be related to ontogenetic changes in diet from a high proportion of crustaceans (high Po content) in small individuals to fish (low Po content) in larger individuals, while the high dietary plasticity of S. officinalis at all stages of its life cycle could explain the lack of decrease in 210 Po with size. In comparison to the few data from the literature, the levels of 210 Po concentrations in the cephalopod community of the Bay of Biscay were overall in the same range than those reported in other cephalopods, varying across 4 orders of magnitude. Further studies are needed to understand the mechanism of retention in the cephalopod digestive gland.

Introduction

Cephalopods have the ability to concentrate contaminants in their tissues to very high concentrations (e.g., [START_REF] Penicaud | Metal bioaccumulation and detoxification processes in cephalopods: a review[END_REF][START_REF] Rodrigo | The role of the cephalopod digestive gland in the storage and detoxification of marine pollutants[END_REF]. In this respect, the digestive gland appears to be a key organ in the metabolism of organic, metallic and radioactive contaminants (e.g., [START_REF] Martin | High copper concentrations in squid livers in association with elevated levels of silver, cadmium, and zinc[END_REF][START_REF] Ueda | Amounts of trace elements in marine cephalopods[END_REF][START_REF] Guary | Experimental studies on the biokinetics of plutonium and americium in the cephalopod Octopus vulgaris[END_REF]Bustamante et al. 2002a; [START_REF] Ueno | Specific accumulation of polychlorinated biphenyls and organochlorine pesticides in Japanese common squid as a bioindicator[END_REF]. Thus, this organ is deeply involved in the processes of assimilation, detoxification and retention of contaminants, being the storage tissue for organochlorinated compounds and trace elements (e.g., [START_REF] Tanabe | Polychlorobiphenyls, DDT, and hexachlorocyclohexane isomers in the western North Pacific ecosystem[END_REF][START_REF] Miramand | Concentration and distribution of heavy metals in tissues of two cephalopods, Eledone cirrhosa and Sepia officinalis from the French coast of the English Channel[END_REF]Bustamante et al. 2002b;[START_REF] Danis | Bioaccumulation of PCBs in the cuttlefish Sepia officinalis from sea water, sediment and food pathways[END_REF]. The digestive gland of cephalopods also concentrates natural radionuclides such as polonium 210 ( 210 Po) to very high levels compare to the other tissues (Heyraud and Chery 1979;[START_REF] Smith | Concentrations of the elements Ag, Al, Ca, Cd, Cu, Fe, Mg, Pb and Zn, and the radionuclides 210 Pb and 210 Po in the digestive gland of the squid Nototodarus gouldi[END_REF][START_REF] Waska | Distribution patterns of chalcogens (S, Se, Te, and 210 Po) in various tissues of a squid, Todarodes pacificus[END_REF].

'This organ contains over 90% of the whole-body burden of the nuclide in cephalopods, which is the most dominant radionuclide within the marine tropic pathway that results in 210 Po accumulation in marine organisms [START_REF] Carvalho | An experimental study on the bioaccumulation and turnover of polonium-210 and lead-210 in marine shrimp[END_REF]. Previous studies showed that 210 Po was taken up independently of 210 Pb, its parent nuclide [START_REF] Smith | Concentrations of the elements Ag, Al, Ca, Cd, Cu, Fe, Mg, Pb and Zn, and the radionuclides 210 Pb and 210 Po in the digestive gland of the squid Nototodarus gouldi[END_REF][START_REF] Fowler | 210 Po in the marine environment with emphasis on its behaviour within the biosphere[END_REF]), but very little is known about the factors influencing 210 Po levels in cephalopods. In planktonic crustaceans as well as in fish, size appears a key factor determining 210 Po levels in the organisms (Cherry andHeyraud 1988, 1991;[START_REF] Strady | 210 Po and 210 Pb trophic transfer within the phytoplankton-zooplankton-anchovy/sardine food web: a case study from the Gulf of Lion (NW Mediterranean Sea)[END_REF]. In cephalopods, the relationships with size do not appear so clear, with negative and positive relationships considering muscle or whole organisms, respectively [START_REF] Heyraud | Polonium-210 and Lead-210 in edible molluscs from near the Cape of Good Hope: Sources of variability in polonium-210 concentrations[END_REF]. More broadly, little information is available concerning 210 Po in cephalopods as investigations to date mainly focused on a limited number of commercial species such as the common cuttlefish Sepia officinalis and the European squid Loligo vulgaris (e.g., [START_REF] Heyraud | Polonium-210 and lead-210 in marine food chains[END_REF][START_REF] Smith | Concentrations of the elements Ag, Al, Ca, Cd, Cu, Fe, Mg, Pb and Zn, and the radionuclides 210 Pb and 210 Po in the digestive gland of the squid Nototodarus gouldi[END_REF][START_REF] Waska | Distribution patterns of chalcogens (S, Se, Te, and 210 Po) in various tissues of a squid, Todarodes pacificus[END_REF].

Cephalopods are a class of marine molluscs that are widespread in diverse marine habitats from polar to tropical environments and from coastal waters to the deep-sea [START_REF] Boyle | Cephalopods ecology and fisheries[END_REF]. Thus, they occupy benthic (e.g. octopus), nectobenthic (cuttlefish, bottlesquid), neritic and oceanic (mainly squids) habitats from the surface to deep waters and have a large variety of trophic niches. Importantly, they constitute a primary food source for many marine predators such as fish, marine mammals or seabirds, for instance the swordfish Xiphias gladius, the longfinned pilot whale Globicephala melas or the wandering albatross Diomedea exulans [START_REF] Clarke | Cephalopods as prey. III. Cetaceans[END_REF][START_REF] Croxall | Cephalopods as prey. I. Seabirds[END_REF][START_REF] Klages | Cephalopods as prey. II. Seals[END_REF][START_REF] Smale | Cephalopods as prey. IV. Fishes[END_REF]. Due to their key position in marine food webs, they represent a major vector of contaminants to their predators, as previously shown for cadmium [START_REF] Bustamante | Cephalopods as a vector for the transfer of cadmium to top marine predators in the North East Atlantic Ocean[END_REF]). However, estimation of marine predator exposure to 210 Po following predation on cephalopods is limited due to paucity of knowledge regarding their tissue-burden levels and bioavailability as prey for higher trophic organisms. In humans, exposure to 210 Po through the consumption of cephalopods is generally limited, given that polonium concentrations are relatively low in the edible parts (i.e. muscles) compared with other edible seafood (e.g. oysters, mussels, scallops, all of whose soft tissues are consumed; [START_REF] Belivermiş | Mercury and Po-210 in mollusc species in the island of Gökçeada in the north-eastern Aegean Sea: Bioaccumulation and risk assessment for human consumers[END_REF], Bustamante et al. 2002c). Similarly, only the flesh of fish is consumed contributing to a low polonium intake for human consumers [START_REF] Kılıç | 210 Po and 210 Pb in fish from northern Aegean Sea and radiation dose to fish consumers[END_REF]. However, unlike fish gut, the digestive gland of cephalopods is consumed in some countries such as in Japan where it is used for making a widely consumed dish named shiokara or consumed directly from very fresh squids. Thus, the consumption of cephalopod digestive gland may also be of direct concern to public health and more knowledge and research into the contents and potential risks to human consumers from consuming 210 Po from cephalopods is required.

Among natural radionuclides, 210 Po is the major contributor to the radiation dose received by marine organisms. In addition to its high specific activity and assimilation efficiency [START_REF] Fowler | 210 Po in the marine environment with emphasis on its behaviour within the biosphere[END_REF][START_REF] Belivermiş | Mercury and Po-210 in mollusc species in the island of Gökçeada in the north-eastern Aegean Sea: Bioaccumulation and risk assessment for human consumers[END_REF], 210 Po is a high energy alpha particle emitter (5.3 MeV; Cherry and Shannon 1974) that can cause intense ionization of tissues. It can thus account for until 80% of the committed efficient dose due to natural radionuclides in human consumers of seafood [START_REF] Piñero-García | Concentration of radionuclides in Swedish market basket and its radiological implications[END_REF].

In this context, the present study aims at providing baseline data on 210 Po levels in cephalopods for a large range of species from the North-eastern Atlantic waters and at investigating the factors (e.g., sex, size, taxonomy) influencing their levels. To this end, 210 Po levels have been determined in the digestive gland of several cephalopod species, including squid, cuttlefish, and octopus caught in the Bay of Biscay, including coastal to deep-waters species.

Materials and Methods

Study area

Fieldwork was carried in the Bay of Biscay (from 1 to 10° W and from 43 to 48° N) opening onto the North-East Atlantic Ocean between France and Spain (Fig. 1). The Bay of Biscay is a very large bay of more than 220 000 km² with a continental shelf extending more than 200 km offshore in the north of the Bay but only 10 km in the south. Two main river plumes, i.e. the Loire and the Gironde, influence its hydrological structure [START_REF] Planque | Detecting hydrological landscapes over the Bay of Biscay continental shelf in spring[END_REF][START_REF] Puillat | Hydrographical variability on the French continental shelf in the Bay of Biscay, during the 1990s[END_REF]. The Bay of Biscay is home to a rich fauna including many protected species, such as sharks, rays, seabirds and marine mammals [START_REF] Lassalle | An assessment of the trophic structure of the Bay of Biscay continental shelf food web: comparing estimates derived from an ecosystem model and isotopic data[END_REF]. It is subject to numerous anthropogenic activities such as extensive fishery activity [START_REF] Lorance | Assessment of impacts from human activities on ecosystem components in the Bay of Biscay in the early 1990s[END_REF]OSPAR, 2010).

Sampling and sample preparation

Sampling was carried out in October-November 2011 during the EVHOE ("EValuation Halieutique de l'Ouest de l'Europe"; https://doi.org/10.17600/11040060) groundfish survey conducted by Ifremer ("Institut Français de Recherche pour l'Exploitation de la Mer"). During this survey, bottom and pelagic trawls were performed on the continental shelf, on the slope and in the canyons indenting the continental slope to specifically collect neritic, oceanic and deep-sea organisms.

For the present study, selected cephalopods included 62 individuals belonging to 11 species (Table 1). Cephalopod species were caught in various habitats (inshore vs. offshore waters, pelagic vs. benthic or demersal domains). They belong to six squid species: the veined squid Loligo forbesi, the European squid L. vulgaris, the European flying squid Todarodes sagittatus, the lesser flying squid Todaropsis eblanae, the Atlantic cranch squid Teuthowenia megalops, the reverse jewel squid Histioteuthis reversa; one bobtail species: the stout bobtail Rossia macrosoma; one cuttlefish species: the common cuttlefish Sepia officinalis; and three octopus species: the common octopus Octopus vulgaris, the spider octopus Octopus salutii, the horned octopus Eledone cirrhosa.

Each individual was frozen at -20°C on board and back to LIENSs laboratory. They were then thawed and dissected to remove the digestive gland. Wet weight (g), dorsal mantle length (mm) for all specimens and total length (for octopuses, in mm) were determined as well as the sex by direct observation of the gonads.

Following dissection, digestive gland samples were frozen at -20°C in individual plastic bags and freeze-dried for 48h. Freeze-dried samples were ground into a fine powder with porcelain mortar and pestle. The homogenised samples were then stored individually in plastic vials.

Radionuclide determination

Subsamples of ~1 g dry weight (dw) of cephalopod digestive gland were spiked with 209 Po yield tracer (ca. 50 mBq; T1/2 =102 years) to assess the chemical yield and calculate the activity concentration of 210 Po. The internal standard was prepared with a certified standard solution of 209 Po (Eckert & Ziegler® Isotope Products). They were then digested adding 2 mL of 65% HNO3 and 2 mL of 30% H2O2 in round bottom flasks in a hot plate with temperature control (80°C). The solution was evaporated near to dryness to remove the acids, a step which was repeated 3 more times. The residues were then dissolved in 5 mL 0.5M HCl. Ascorbic acid was added until the yellow colour faded permanently, and polonium was allowed to deposit spontaneously onto silver discs for 8 h (Flynn, 1968). Measurements were performed with a high-resolution alpha spectrometer (CANBERRA) with passivated implanted planar silicon (PIPS) detectors with an active area of 450 mm² and 17.6 keV nominal resolution. Samples were measured until at least 400 counts were observed for individual 210 Po peak. The characteristic peak areas of the alpha particles from 210 Po and the tracer 209 Po activity at the energies of 5.30 MeV and 4.88 MeV were used in the analysis of the sample spectra. The Certified Reference Material (CRM) IAEA-437 (Mussel from Mediterranean Sea) was used for accuracy control. CRM samples were processed following the same way as the cephalopod samples. The recovery obtained for 210 Po in the CRM was 90 ± 3%.

Statistical analysis

Descriptive statistics were applied using Minitab 13.1. Differences between species, habitats, and between males and females were determined using Mann-Whitney U test. Size (mantle length), weight (total body mass) and sex were considered as factors of variation in the species with more than 8 individuals (Loligo vulgaris, L. forbesi, Eledone cirrhosa and Sepia officinalis) and their effects were checked using ANCOVA on log transformed values. The significance for statistical analyses was always set at α=0.05.

Results

Levels of 210 Po in cephalopod digestive gland

The concentrations of 210 Po in the digestive gland of 11 species of cephalopods from the Bay of Biscay are given in Table 1. Concentrations of 210 Po varied widely across the dataset, i.e. from 188 Bq kg -1 dw in the mesopelagic squid Teutowenia megalops to 11853 Bq kg -1 dw in the neritic squid Loligo vulgaris (Table 1). On average, L. vulgaris contained the highest concentrations of 210 Po with 5720 ± 3606 Bq kg -1 dw on average. More generally, the two species of loliginids (i.e. L. forbesi and L. vulgaris) showed the highest concentrations and the mesopelagic squids the lowest, whereas benthic and necto-benthic species had intermediate levels (Fig. 2). Considering the habitats (benthic vs pelagic and neritic vs oceanic), there was no significant difference (p>0.05).

Influence of size and sex on 210 Po concentrations

The variations of 210 Po concentrations in the digestive gland of cephalopods with size (mantle length) according to the sex were tested for the species with more than 8 individuals, i.e. Loligo forbesi, L. vulgaris, Sepia officinalis and Eledone cirrhosa. There was no difference due to sex in the four species. In these species, males and females when considered together to assess size effect. 210 Po concentrations significantly varied with size in only three species over four, i.e. L. forbesi (n=10), L. vulgaris (n=10) and Eledone cirrhosa (n=17), but not in Sepia officinalis (n=8; Fig. 3).

Discussion

The concentrations of 210 Po were considered in the digestive gland of several species of cephalopods from the Bay of Biscay as this organ plays a major role in the metabolism of trace elements in these molluscs, and of this natural radionuclide in particular [START_REF] Heyraud | Polonium-210 and lead-210 in marine food chains[END_REF][START_REF] Smith | Concentrations of the elements Ag, Al, Ca, Cd, Cu, Fe, Mg, Pb and Zn, and the radionuclides 210 Pb and 210 Po in the digestive gland of the squid Nototodarus gouldi[END_REF][START_REF] Finger | Molecular association of Cu, Zn, Cd and 210 Po in the digestive gland of the squid Nototodarus gouldi[END_REF]. As for some trace elements such as Ag, Cd, Cu and Zn (Miramand andBentley 1992, Kojadinovic et al. 2011), the digestive gland of cephalopods contains over 90% of the whole-body burden of the 210 Po and the muscle tissues had only very low concentrations [START_REF] Heyraud | Polonium-210 and lead-210 in marine food chains[END_REF][START_REF] Smith | Concentrations of the elements Ag, Al, Ca, Cd, Cu, Fe, Mg, Pb and Zn, and the radionuclides 210 Pb and 210 Po in the digestive gland of the squid Nototodarus gouldi[END_REF]. But in contrast to Ag, Cd, Cu and Zn that have high affinity to thiols groups of the metallothioneins in cephalopods (Bustamante et al. 2002b), 210 Po was rather associated with high molecular weight proteins (> 70kDa) in the digestive gland of the squid Nototodarus gouldi [START_REF] Finger | Molecular association of Cu, Zn, Cd and 210 Po in the digestive gland of the squid Nototodarus gouldi[END_REF]. In this squid species, [START_REF] Smith | Concentrations of the elements Ag, Al, Ca, Cd, Cu, Fe, Mg, Pb and Zn, and the radionuclides 210 Pb and 210 Po in the digestive gland of the squid Nototodarus gouldi[END_REF] also pointed that there was no correlation between 210 Po and these metals, further suggesting a minor role of metallothioneins in its bioaccumulation. In contrast, 210 Po was shown correlate with Fe [START_REF] Smith | Concentrations of the elements Ag, Al, Ca, Cd, Cu, Fe, Mg, Pb and Zn, and the radionuclides 210 Pb and 210 Po in the digestive gland of the squid Nototodarus gouldi[END_REF]. Although there is only a limited number of studies that looked to molecular binding of 210 Po in marine organisms, it appears that ferritin in fish (i.e. the Atlantic mackerel Scomber scombrus), bivalves (i.e. the Pacific oyster Crassostrea gigas) and crustaceans (i.e., the lobster Homarus gammarus) plays an important role in the accumulation of 210 Po in the liver or digestive gland of these organisms [START_REF] Durand | 210 Po binding to metallothioneins and ferritin in the liver of teleost marine fish[END_REF][START_REF] Durand | Ferritin and hemocyanin: 210 Po molecular traps in marine fish, oyster and lobster[END_REF], and the coaccumulation of both elements can support the binding of 210 Po to ferritin in the digestive gland of cephalopods too. However, these authors also showed that metallothioneins in fish and hemocyanin in lobster bind 210 Po to important extent. This highlights the need to further investigate specifically molecular binding of 210 Po in more details, considering that the radionuclide subcellular distribution may vary among cephalopods taxa (see [START_REF] Penicaud | Metal bioaccumulation and detoxification processes in cephalopods: a review[END_REF].

The efficient retention of 210 Po in this organ consistently lead to high concentrations in the different species investigated here and in those reported in the literature (Table 2). This review shows that all the species that have been analysed are species of commercial interest and consumed by humans, including octopus, cuttlefish and squids of the Ommastrephid and Loliginid families. To the best of our knowledge, our study is thus the first one to report values about the digestive gland 210 Po concentrations in a wide range of cephalopod species, considering benthic and pelagic species living in neritic and oceanic habitats, including mesopelagic species. The effect of the habitat on trace element concentrations in cephalopods was significant for Cd and Hg in cephalopods from the same area, with benthic species having higher values than pelagic ones [START_REF] Bustamante | Cephalopods as a vector for the transfer of cadmium to top marine predators in the North East Atlantic Ocean[END_REF][START_REF] Bustamante | Total and organic Hg concentrations in cephalopods from the North East Atlantic waters: influence of geographical origin and feeding ecology[END_REF]. In the present study, habitat did not clearly influence 210 Po concentrations, with pelagic species showing at the same time the highest (Loliginids) and the lowest (Ommastrephids and mesopelagic squids) values (Fig. 2).

The present review also shows that 210 Po concentrations in the digestive gland of cephalopods varied over 4 order of magnitude, suggesting that the accumulation of 210 Po in this organ is likely influenced by biological factors, including the digestive physiology that differs between Ommastrephids and Loliginids (see [START_REF] Penicaud | Metal bioaccumulation and detoxification processes in cephalopods: a review[END_REF].

Among these biological factors, we have also considered the influence of sex and the size for the species with at least 8 individuals, i.e., the curled octopus E. cirrhosa, the common cuttlefish S. officinalis, the veined squid L. forbesi and the European squid L. vulgaris. We found no differences between 210 Po concentrations of males and females. This result is consistent with previous studies on the Japanese flying squid Todarodes pacificus and on the arrow squid Nototodarus gouldi [START_REF] Smith | Concentrations of the elements Ag, Al, Ca, Cd, Cu, Fe, Mg, Pb and Zn, and the radionuclides 210 Pb and 210 Po in the digestive gland of the squid Nototodarus gouldi[END_REF][START_REF] Waska | Distribution patterns of chalcogens (S, Se, Te, and 210 Po) in various tissues of a squid, Todarodes pacificus[END_REF]. This suggests that the physiological mechanisms of 210 Po accumulation and elimination are not implied in the sexual maturation and gametogenesis.

In contrast to sex, size dramatically influenced 210 Po concentrations in the digestive gland of cephalopods (Fig. 3). Such a decrease with size has often been reported for a variety of marine organisms including crustaceans, molluscs and fish [START_REF] Fowler | 210 Po in the marine environment with emphasis on its behaviour within the biosphere[END_REF]). As food is the dominant source of 210 Po in marine organisms [START_REF] Heyraud | Polonium-210 and lead-210 in marine food chains[END_REF]Cherry et al., 1989;[START_REF] Carvalho | Contribution à l'étude du cycle du polonium-210 et du plomb-210 dans l'environnement[END_REF], this general decrease along size suggests a close relationship between 210 Po concentration in these marine organisms and their food ingestion rates [START_REF] Fowler | 210 Po in the marine environment with emphasis on its behaviour within the biosphere[END_REF]. Also, it could result 1) from a dilution of 210 Po due to the fast growth of cephalopods and/or 2) from a switch in the diet along ontogeny as shown for some metals such as Cd and Hg [START_REF] Chouvelon | Interspecific and ontogenic differences in  13 C and  15 N values and Hg and Cd concentrations of cephalopods[END_REF]. To the best of our knowledge, there was a single study that considered the influence of size on 210 Po concentrations in cephalopods [START_REF] Heyraud | Polonium-210 and Lead-210 in edible molluscs from near the Cape of Good Hope: Sources of variability in polonium-210 concentrations[END_REF]. These authors reported an increase of 210 Po concentrations in whole squids from South Africa but they also considered unusual their own results as it was not following the decreasing paradigm. They suggested that a difference in diet between large and small squids could explain their unusual result. Variation of the diet with size in cephalopods is well documented (e.g., [START_REF] Nixon | Cephalopod diets[END_REF] and for instance, it results in higher Cd exposure of small sizes squids compared to adults, as the crustacean prey of the juveniles are Cd-enriched compared to Cd-poor fish [START_REF] Penicaud | Metal bioaccumulation and detoxification processes in cephalopods: a review[END_REF]). Thus, decreasing Cd concentrations with increasing body size was already reported for L. forbesi sampled in the Bay of Biscay and around the UK [START_REF] Pierce | Geographic, seasonal and ontogenetic variation in cadmium and mercury concentrations in squid (Cephalopoda: Teuthoidea) from UK waters[END_REF][START_REF] Chouvelon | Interspecific and ontogenic differences in  13 C and  15 N values and Hg and Cd concentrations of cephalopods[END_REF].

In turn, 210 Po concentrations appeared to be higher in crustacean prey of squids than in fish [START_REF] Heyraud | Polonium-210 and Lead-210 in edible molluscs from near the Cape of Good Hope: Sources of variability in polonium-210 concentrations[END_REF][START_REF] Carvalho | Polonium ( 210 Po) and lead ( 210 Pb) in marine organisms and their transfer in marine food chains[END_REF]), which should lead to a decrease in 210 Po values as observed in the present study. However, in our sampling, the common cuttlefish showed no significant variation of 210 Po with size. Although this can be due to a limited number of individuals considered, a similar result has been reported for Cd in this species [START_REF] Chouvelon | Interspecific and ontogenic differences in  13 C and  15 N values and Hg and Cd concentrations of cephalopods[END_REF], likely due to the opportunistic feeding behaviour of common cuttlefish. This plasticity is supported by investigations of their diet trough stomach content analyses [START_REF] Du Sel | The diet of the cuttlefish Sepia officinalis L. (Mollusca: Cephalopoda) during its life cycle in the Northern Bay of Biscay (France)[END_REF][START_REF] Neves | Feeding habits of the cuttlefish Sepia officinalis during its life cycle in the Sado estuary (Portugal)[END_REF] as well as by the large variations in δ 15 N values (a proxy of the tropic position) with size in this species, confirming that the common cuttlefish has a strong dietary plasticity at all stages of its life cycle [START_REF] Chouvelon | Interspecific and ontogenic differences in  13 C and  15 N values and Hg and Cd concentrations of cephalopods[END_REF].

Cephalopods are preyed upon by many large predators such as tuna, swordfish, seabirds and marine mammals (Clark 1996[START_REF] Croxall | Cephalopods as prey. I. Seabirds[END_REF][START_REF] Smale | Cephalopods as prey. IV. Fishes[END_REF]. The concentrations of Po in the muscle of the sperm whale (Physeter macromphalus) from the Azores, which feeds exclusively on mesopelagic cephalopods, were 5.0 ± 0.2 Bq kg -1 ww [START_REF] Carvalho | Polonium ( 210 Po) and lead ( 210 Pb) in marine organisms and their transfer in marine food chains[END_REF]). This value is of the same order of magnitude as the one reported in the muscles of bigeye tuna (3.0 ± 0.1 Bq kg -1 ) from Madeira Islands [START_REF] Carvalho | Polonium ( 210 Po) and lead ( 210 Pb) in marine organisms and their transfer in marine food chains[END_REF], which feed on a variety of prey including both epipelagic and mesopelagic organisms and includes fish and squids in its diet [START_REF] Duffy | Global trophic ecology of yellowfin, bigeye, and albacore tunas: Understanding predation on micronekton communities at ocean-basin scales. Deep Sea Research Part II: Topical Studies in Oceanography[END_REF]). However, epipelagic marine mammals such as common and white sided dolphins Delphinus delphis and Stenella coeruleoalba have higher concentrations of 210 Po activity in their muscle tissue than sperm whales (Marta and Carvalho 2011), likely because they include small pelagic fish and Loliginids in their diet. To the best of our knowledge, there is no data on large predators from the Bay of Biscay while there is a large community of fish, seabirds and marine mammals foraging in this highly productive area. Future studies should investigate Po in the tissues of top predators, to determine if those feeding mainly on cephalopods, and particularly on the neritic ones such as delphinids [START_REF] Lahaye | Long-term dietary segregation of common dolphins Delphinus delphis in the Bay of Biscay, determined using cadmium as an ecological tracer[END_REF] are at risk due to high exposure to this radioelement. 
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 1 Figure 1. Map of the study area.
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 2 Figure 2. Concentrations of 210 Po (Bq kg -1 dw) in the digestive gland of 11 species of cephalopods from the Bay of Biscay, North Atlantic Ocean.

Table 2 .

 2 210 Po concentrations in the digestive gland of cephalopods for selected families. All concentrations are presented in Bq kg -1 dw.

	Family	Species	Location	Number	Mean ± SD	Range	Reference
	Octopodidae						
		Eledone aldrovandii	Mediterranean Sea	1	481		Heyraud and Cherry 1979
		Eledone cirrhosa	Bay of Biscay, Atlantic Ocean	17	1367 ± 384	823-2239	Present study
		Octopus vulgaris	Mediterranean Sea	2	-	814-851	Heyraud and Cherry 1979
		Octopus vulgaris	Mediterranean Sea	4	1814 ± 74		Heyraud and Cherry 1979
		Octopus vulgaris	Mediterranean Sea	1	2400*		Guarry et al. 1981
		Octopus vulgaris	Bay of Biscay, Atlantic Ocean	2	-	1695-2561	Present study
		Octopus salutii	Bay of Biscay, Atlantic Ocean	1	-	1585	Present study
	Sepiidae						
		Sepiella inermis	South-eastern coast of India	32	745 ± 52*	-	Khan & Wesley 2011a
		Sepia officinalis	Mediterranean Sea	3	1986 ± 352	1628-2331	Heyraud and Cherry 1979
		Sepia officinalis	Bay of Biscay, Atlantic Ocean	8	1265 ± 783	366-2389	Present study
		Sepia pharaonis	South-eastern coast of India	12	1232 ± 48*	-	Khan & Wesley 2011b
	Loliginidae						
		Loligo forbesi	Azores Islands, Atlantic Ocean 1	193*		Carvalho 2011
		Loligo forbesi	Bay of Biscay, Atlantic Ocean	10	2551 ± 3144 342-10901	Present study
		Loligo vulgaris	Mediterranean Sea	5	3367 ± 1702 1702-6068	Heyraud and Cherry 1979
		Loligo vulgaris	Atlantic Ocean	5	137 ± 107	59-322	Heyraud and Cherry 1979
		Loligo vulgaris	Atlantic Ocean	4	2294 ± 444	1813-2701	Heyraud and Cherry 1979
		Loligo vulgaris	Bay of Biscay, Atlantic Ocean	10	5720 ± 3606 1808-11853	Present study
		Uroteuthis duvauceli	South-eastern coast of India	22	1799 ± 69*	-	Khan & Wesley 2011
		Uroteuthis duvauceli	South-eastern coast of India	25	825 ± 69*	-	Khan & Wesley 2011
	Ommastrephidae						
		Nototodarus gouldi	Bass Strait, Australia	26	9600 ± 4600 4800-24200	Smith et al. 1984
		Nototodarus gouldi	Port Philip Bay, Australia	6	2900 ± 1600 1700-5600	Finger & Smith 1987
		Todarodes pacificus	Korean East coast, Japan Sea	10	1208 ±269	695-1819	Waska et al. 2008
		Todarodes sagittatus	Bay of Biscay, Atlantic Ocean	6	1735 ± 1786 532-5218	Present study
		Todaropsis eblanae	Bay of Biscay, Atlantic Ocean	4	714 ± 258	332-880	Present study

* converted from wet weight using a factor 4.1 according to

[START_REF] Heyraud | Polonium-210 and lead-210 in marine food chains[END_REF] 
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Table 1. Characteristics of sampled cephalopods from the Bay of Biscay and the activity concentrations (Bq kg -1 dw) of 210 Po in their digestive gland. Values are provided as mean ± SD and range (min-max). ND: Not determined. 
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