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Abstract

The present study aimed at examining the influesfd®od quality and quantity
on the assimilation efficiency (AE) of metals inavabundant bivalves in the New
Caledonia lagoon, the oystelsognomon isognomoand the clanGafrarium tumidum
Bivalves were exposed via their food to the radicdrs of three metals of concern in
New Caledonia®Mn, °‘Co and®*zn) under different feeding conditions (phytoplaotkt
species, cell density, and cell-associated metatextration). When bivalves were fed
Heterocapsa triquetra, Emiliania huxlegind Isochrysis galbanaAE of Mn, Co and Zn
was strongly influenced by the phytoplankton spe@ad by the metal considered. In
contrast, when fed one given phytoplankton spepieviously exposed to different
concentrations of Co, phytoplankton-associateddad had no influence on the AE and
on the retention time of the metal in both bivalvbtetals ingested with. galbana
displayed generally the highest AE in both bivaspecies, except for Mn in clams for
which the highest AE was observed fdr triquetra Influence of food quantity was
investigated by exposing bivalves to different chsities of. galbana(5 x 10°, 1¢f or
5x 10* cell mr?). As for food quality, food quantity was founditdluence AE of Mn, Co
and Zn, the highest AE being observed when bivalvere fed the lowest cell density.
Overall, results indicate that the two bivalve seecare able to adjust their feeding

strategies according to the food conditions prawgiin their environment.

Keywords: Mollusks, Isognomon isognomonGafrarium tumidum,New Caledonia,

Radiotracer, Feeding
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1. Introduction

Changes in coastal ecosystem functioning due tor@mbgenic metal inputs is a
worldwide issue of concern especially as metals @we biodegradable and enter
biogeochemical cycles (Tessier and Turner, 199%)the coral reef lagoon of New-
Caledonia, metal contamination is a critical prablen relation with its extreme
biodiversity (Labrosse et al., 2000). Indeed, thgobn is subject to an increasing
environmental pressure imposed by urban developarmhintensive mining activities. In
addition, the use of hydrometallurgic process eyiptp heated and pressured sulphuric
acid (lixiviation) has been recently developed iawNCaledonia and is expected to be
implemented at industrial scale early 2010 (Gorokil, 2001, 2003). Such a process
will provide new potential to exploit laterite seithat display lower nickel (Ni) contents
than garnierite ores currently used in pyrometgltuplants, such as at the Société Le
Nickel, and will allow recovering the cobalt (Ca a by-product (Mihaylov et al., 2000;
Dalvi et al., 2004). However, the Ni and Co exti@ttbased on lixiviation is an
unselective process that may result in additiomsdtdrges of by-product metals such as
chromiun (Cr), iron (Fe), manganese (Mn) or zino)(ZGoro-Nickel, 2001; Baroudi et
al., 2003).

Although long lasting contamination exists in Newl&lonia (Laganier, 1991;
Ambatsian et al., 1997) with high levels of metaported in coastal marine sediments
(e.g. Fernandez et al., 2006), few data on coniaimim levels in marine organisms and

possible local marine ecosystem impairments ardadl@ so far in the open literature
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(e.g. Monniot et al., 1994; Dalto et al.,, 2006; Heéih et al., 2008a,b; Metian and
Warnau, 2008; Chouvelon et al., 2009). Thereforegrammes for monitoring possible
impact of the land-based mining activities in thewNCaledonia lagoon are needed. Such
programmes should largely rely on the use of bidtoorspecies, as already developed
and implemented in temperate areas (e.g. US anM&del Watches; see e.g. Goldberg
et al., 1983; Warnau and Acuia, 2007; Thébault e2@08). Indeed, the main advantage
of the biomonitoring approach compared to direcasneement in water or sediment is to
provide a direct and time-integrated assessmenh@fmetal fraction that is actually
available to the organisms (bioavailable fracti@ny., Phillips, 1991; Coteur et al., 2003,
Danis et al., 2004; Metian et al., 2008b).

In this context, both experimental and field stsdieve recently identified the
oysterlsognomon isognomaoandthe clamGafrarium tumidumas promising candidates
biomonitoring metal contamination in New Caledoliaigoon waters (Metian et al., 2005;
Hédouin et al., 2006, 2007, 2008a; Chouvelon e2aD9).

It is now well established that food is often a dwent pathway for metal
bioaccumulation in marine invertebrates and thatdfoomposition and/or quantity can
strongly influence metal assimilation efficiencyEA(e.g., Borchardt, 1983; Riisgard et
al., 1987; Wang and Fisher, 1999a). Furthermoegjifeg processes such as filtration rate
are flexible in marine filter-feeding organisms amdy be adapted according to the
changes in environmental conditions such as foaghtify and/or composition (e.g.,
Widdows and Donkin, 1992; Navarro and Iglesias,3)9%or example, Cd assimilation
in the musseMytilus edulisis inversely related to food quantity (Borchatt83). In the

scallopPecten maximydgood is the main bioaccumulation pathway for A§§%) when
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diet is composed of Bacillariophyceae phytoplankidrereas dietary contribution drops
below 40% when the scallop is fed Prymnesiophyqaagoplankton (Metian et al.,
2008a). Furthermore, heterorhabdic bivalves (thadgch gills are composed of 2
different filament types) are also able to selbet particles that they are ingesting (Ward
et al., 1998), which results in a preferential stgen of nutritionally-rich particles that
may also affect metal influx from food (e.g., Bay©893; Wang and Fisher, 1997).

The objective of this study was thus to investighe possible influence of food
quality (i.e. phytoplankton species) and quantitytbe assimilation efficiency of three
metals of concern in New Caledonia lagoon waters, ({@n and Zn) in theoyster
Isognomonisognomonand the clanGafrarium tumidum The variations in the feeding
conditions that were considered are: (1) the pHsitdgion species used as food, (2) the
phytoplankton density and (3) the metal concemmatssociated with phytoplankton.
Radiotracer techniques were used to enhance tleetaet sensitivity of metals and to
allow for measuring metal flux at environmentalBalistic contaminant concentrations

(Warnau and Bustamante, 2007).

2. Materials and Methods

2.1. Collection and Acclimation

The organisms (n = 100 per species) were collebye@CUBA diving in Maa

Bay (oystersisognomon isognomnor by hand-picking in Dumbea Bay (clams

Gafrarium tumidurp in October 2003. Both locations are located 12@okm north of
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Nouméa City, New Caledonia. Body size is knownftech bioaccumulation of metals in
marine organisms (e.g., Boyden, 1974; Warnau £1985); hence, according to previous
preliminary studies (Metian, 2003; Hédouin et 2006, 2008a), only individuals with a
shell longer than 70 mm. (sognomoi or a shell wider than 35 mn&( tumidunm were
used in the experiments. After collection, clamd aysters clams were shipped to IAEA-
MEL premises in Monaco, where they were acclimd@d2 months to laboratory
conditions (open circuit aquarium; water renewa0%3 hr'; salinity: 36 p.s.u.;
temperature T° = 25 + 0.5°C; pH = 8.0 =+ 0.1; liglatk cycle: 12 hrs/12 hrs) simulating
the conditions prevailing in the New Caledonia lagoDuring acclimation, bivalves
were fed phytoplankton using the Prymnesiophydsaehrysis galbang10* cells mi).

Recorded mortality was lower than 5% over the azation period.

2.2. Radiotracers and Counting

Investigated elements (Co, Mn and Zn) were intredutto the experimental
microcosms as radiotracers of high specific agtjvgurchased from Amersham, UK
(*'Co in 0.1M HCI, T,= 271.8 d) and Isotope Product Lab., USMn in 0.1M HCI, T,
=312.2 d®Znin 0.5M HCI; T,= 243.9 d).

Radioactivity was measured using a high-resolutieapectrometer system
composed of three Germanium -N or P type- detedlBGNC 33-195-R, Eurysiy
connected to a multi-channel analyzer and a commgfeipped with a spectra analysis
software (Interwinnét 6). The radioactivity of the samples was deterahingy

comparison with standards of known activities anfl appropriate geometry.
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Measurements were corrected for counting efficienbgckground and physical
radioactive decay. Counting times were adaptedtaio counting rates with propagated

errors less than 5% (Rodriguez y Baena et al., 2006

2.3. Experimental Procedures

2.3.1. Testing the influence of Co concentratiofoird

Isochrysis galbanaells from an axenic stock culture were resusperide 4
erlenmeyer flasks (light/dark cycle: 12 hrs/12 ar5°C). Each flask contained 500 ml
sterile-filtered seawater enriched with /2 nutteerwithout EDTA and Si (Guillard,
1975). Flasks were spiked with 4 increasing Co entrations (0, 5, 50, 500 ng)land
phytoplankton was allowed to grow under these deon@ for 6 d. Added Co
concentrations were realized using increasing amotrCo(NG;), (synthesis quality,
Merck) and a fixed activity of the correspondingdicdaracer *’Co (2.5 kBq T,
corresponding to 0.13 ng C&)l The range of concentrations selected coversethos
encountered in the New Caledonia lagoon watersnéifelez et al., 2002; Goro-Nickel,
2004). After 6 d of incubation, cell density incsed from 16to 1.5x 1° cell mI*. The
cells were gently filtered (1 pm-mesh size, NuctePoPolycarbonate filters) and
resuspended in clean seawater. The radioactivithefadiolabelled. galbanain each
flask wasy-counted before and after the filtration. The radiovity of algal cells used in
feeding experiments was not significantly differamong the different flasks, with an

average calculated activity of 0.49 + 0.14 uBqtell
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For each added Co concentration, 4 groups of ®oy/éshell length from 71 to 94
mm) and 4 groups of 9 clams (shell width from 35@mm) were placed in 4 aquaria
containing 16 | of 0.45-um filtered natural seawdidose circuit aquaria constantly
aerated; other parameters as previously describgdters were acclimated for one week
to these conditions and seawater was renewed duglves from each aquarium were
then allowed to feed for 2 hrs on one out of thkafiches of previously radiolabelled
Isochrysis galbang10* cell m*) (pulse-chase feeding method; see e.g. Warnau, et a
1996b).

Empty shells were placed as control in each agomti check for any direct
uptake of radiotracers from seawater due to passdiycling from phytoplankton cells
during the 2-hr feeding period (Metian et al., 200These control shells were
radioanalysed at regular intervals of time.

At the end of the feeding period, all organismsemecounted and open circuit
conditions were restored (water renewal rate: 30% &alinity: 36 p.s.u.; T° = 25 +
0.5°C; pH = 8.0 £ 0.1; light/dark cycle: 12 hrsMi®). From that time on, all individuals
were y-counted at different time intervals over a 25-digee in order to determine the
whole-body depuration kinetics of the radiotraceigested with food. Throughout the
depuration period, bivalves were fed daily for 1 ron-radiolabelled phytoplankton

(Isochrysis galbanal(® cell mrY).

2.3.2. Testing the influence of phytoplankton speci



186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

Two batches of 9 oysters (shell length from 73 @on®m) and 2 batches of 9
clams (shell width from 35 to 44 mm) were place®iaquaria containing 16 | of 0.45-
pum filtered natural seawater (close circuit agueaastantly aerated; other parameters as
previously described). Clams and oysters were matéd to these conditions for 1 week
(daily seawater renewal) and then fed either rabteled Emiliania huxleyi or
Heterocapsa triquetrg10* cell mI*) for 2 hrs (pulse-chase feeding) in order to asises
possible influence of the phytoplankton speciesnwetal assimilation efficiency and
retention capacity in the bivalves. Both phytopkamkspecies occur naturally in several
bays of the New Caledonia lagoon where the clardsogsters are living (Jacquet et al.,
2006).

For radiolabelling phytoplankton species, experitaeapproaches conducted on
I. galbanawere applied to the Prymnesiophycé&aehuxleyiand to the Dinophyceasd.
triquetra. Cells from axenic stock cultures were re-suspémdéwo different erlenmeyer
flasks (18 cell mI*), containing 4.5 | sterile-filtered seawater eheid with f/50 forE.
huxleyiand enriched with f/2 nutrients without EDTA andf& H. triquetra (Guillard,
1975) The two cultures were spiked with 5 kBd lof **Mn, *>’Co and ®zn,
corresponding to 3.6 ng Mi'| 25 ng Cot and 60 ng Zn}. The cultures were then
incubated for 6 d at 25°C (light/dark cycle: 12/hgshrs). After incubation, the cell
densities were ¥ 10° cell mr* for E. huxleyiand 1.6x 10° cell mI™* for H. triquetra The
cells were then gently filtered, resuspended iarcleeawater angcounted as described
above (section 2.3.1.). The radioactivity of algells used in the feeding experiments

was 0.26 + 0.18 pBq céllfor E. huxleyiand 0.96 + 0.11 uBq c@lifor H. triquetra for
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>Mn, 2.1 + 0.8 and 20.8 + 12.1 puBq ¢kfbr >’Co and 3.2 + 1.3 and 3.3 + 0.1 uBq Cell
for ®°Zn, respectively.

Empty bivalve shells were used as controls for iptessmetal recycling and
whole-body depuration kinetics of radiotracer ingdswith the food were determined in

both bivalve species as described in section 2.3.1.

2.3.3. Testing the influence of cellular density

Three groups of 9 oysters (shell length from 71920mm) and 3 groups of 9
clams (shell width from 36 to 45 mm) were place®iaquaria containing 16 | of 0.45-
um filtered natural seawater (close circuit aguaaastantly aerated; other parameters as
previously described), and acclimated for one wédkily seawater renewal) during
which time their food was prepared.

To do this, cells of. galbanafrom an axenic stock culture were resuspended in an
erlenmeyer flask containing 4.5 | sterile-filteredawater enriched with /2 nutrients
without EDTA and Si. The culture was then spikethvi kBq I* of **Mn, *>’Co and®zn
and incubated for 6 d at 25°C (light/dark cycle:ht&/12 hrs). After incubation, the cell
density had increased from*1® 1.4x 10° cell m*. Three sub-samples of 58, 115 and
580 ml of the culture were then gently filtered aaduspended in clean seawater. These
3 batches were prepared to obtain final cell demdit x 10°, 10 and 5x 10* cell mr in
the 16-1 exposure aquaria. The radioactivity ofrédiolabelled. galbanawas measured
before and after the cellular filtration. The raatitivity of algal cells ranged from 1.11 to

1.80 uBq celf for **Mn, 0.83 to 1.37 uBq célifor °’Co, 2.69 to 4.38 uBq céifor *zn.

1C
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Each group of clams and oysters was then fed fas2ne of the radiolabelldd
galbanabatches (% 10°, 10 or 5x 10* cell mI*). Whole-body depuration kinetics of the
radiotracers ingested with the food were then Wdd as described in section 2.3.1 and
controls (empty shells) were placed in the aquésraassessing possible radiotracer

recycling.

2.4. Data Analysis

Depuration of the radiotracers was expressed agpéneentage of remaining
radioactivity (radioactivity at time t divided byitial radioactivity measured in the
organisms just after the feeding period * 100) (kéar et al., 1996b; Rodriguez y Baena
et al., 2006Db).

Depuration kinetics for all experiments were fitteding kinetic models and
statistical methods as described by Warnau etl806a,b) and Lacoue-Labarthe et al.
(2008). Depuration kinetics were always best fittgda double-component exponential
equation (decision based on F test and ANOVA tafaetvo fitted model objects):

A= Agsees'+ Ag gel!

where k is the depuration rate constantdA; and Ayare the remaining activities (%) at
time t (d) and O, respectively, and ‘s’ and ‘I’ are thévseripts for the short-lived and
long-lived components. The short-lived componeptesents the loss of the radiotracer
fraction that remains associated with the faeces ianrapidly eliminated with them,
whereas the long-lived component describes the dbske radiotracer fraction that is

actually absorbed by the organism and slowly elat@d (Whicker and Schultz, 1982;

11



254 Warnau et al.,, 1996b). The long-lived componenbtvedl assessing the assimilation
255 efficiency (AE) of the radiotracer ingested withotb (AE = Ay). Also, for each
256 exponential component (s and 1), a biological hi&fcan be calculated (J.,s and T)
257 from the corresponding depuration rate constagfkd k) according to the relationy},
258 =1In2/k.

259 Constants of the models and their statistics wesdémated by iterative
260 adjustments of the model and Hessian matrix contipataising the nonlinear curve-
261 fitting routines in the Statistica® 5.2.1 softwabsfferences among the estimated kinetic
262 parameters for the different feeding conditionsenested using comparison tests of the
263 means and possible trends linking metal conceatratio cell densities were assessed
264 using simple linear regression techniques (Zar,619%he level of significance for
265 statistical analyses was always set at0.05.

266

267 3. Results

268

269 Depuration kinetics of the radiotracers were fokaWwin the organisms which
270 ingested enough food to display sufficient radinétgt to be accurately counted. Most
271 oysters met this requirement; however some clamsglaliing very low activities were
272 discarded. No activity was detected on control Ishehdicating that no detectable
273 recycling of phytoplankton-associated tracers aezlin the experimental microcosms.
274

275 3.1. Effect of Co Concentration in Phytoplankton

276

12
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Fitting of the whole-body depuration kinetics *0€o in oysters fed Co-loaddd
galbanaby a double-exponential model was quite satisfgotR®?: 0.86-0.90) for all the
food-associated Co concentrations tested (Tablegl,1). The major fraction (80-85%)
of the total radioactivity in oysters was rapidbst (Ty.s< 1d) whereas the long-lived
component accounted for only 15-20% of tH@o ingested with food that was eliminated
with a biological half life (T ranging from 13 to 25 d.

Similarly, the fit of the whole-body depuration Yo in clams was quite good
(R2: 0.27-0.64) for all the Co concentrations tés(@able 1, Fig. 1). However, the
estimated AE of'Co ingested with food was much higher than in ags(ee., 76-84%)
and this fraction was retained with g,Fanging from 36 to 39 d.

In both bivalve species, no significant differen(pealways > 0.05) was found
among the estimated kinetic parameters;,(Res Aol Kej) determined for the 4 different

food-associated Co concentrations.

3.2. Effect of Phytoplankton Species

In oysters, depuration kinetics 8Mn, °>’Co and®Zn ingested with. galbana
(I1SO), E. huxleyi(EMI) or H. triquetra (HET) (1¢ cell m*) were best described by a
double-exponential model (R% 0.23- 0.63 for 1S(,100.83 for EMI and 0.57-0.92 for
HET) (Table 2, Fig. 2). No significant differenceasvfound among estimated..Ifor all
radiotracers and all phytoplankton species tedtecddition, no significant difference
was found between AEs for Co and Mn in oysters Bddl and HET, and for Zn in

oysters fed ISO and EMI. In contrast, significaiftedlences (p < 0.02) among AEs were

13
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observed for Co and Mn (ISO > HET = EMI, p < 0.064y fro Zn (ISO = EMI > HET,
p < 0.02).

In clams, fitting of the whole-body depuration bétradiotracers ingested with
galbana E. huxleyi or H. triquetrg10* cell mI*) were genrally somewhat better than in
the oyster (R2: 0.47-0.98 for 1SO, 0.47-0.93 for [EAvid 0.61-0.89 for HET) (Table 2,
Fig. 2). T of **Mn was significantly longer when it was assimilafedm HET than
from EMI or ISO (p = 0.03 and 0.004, respectivelgjgnificant differences were also
observed among AEs calculated for Co, Mn and Zesteg with the three phytoplankton
strains (Mn: 1ISO < EMI = HET, p < 0.03; Co: ISO ME> HET, p < 0.0004; and Zn:

ISO> EMI > HET, p = 0.04).

3.3. Effect of Cellular Density

When oysters were fed 4@nd 5x 10* cells mi* of radiolabelled!. galbana
whole-body depuration kinetics 8Mn, °’Co and®*Zn were fitted with R? ranging from
0.23 to 0.63 and 0.38 to 0.60, respectively (T&hl€ig. 3). No significant difference in
Twy, and AE between cell densities was found for Cacdntrast, significant differences
in AE were found for Mn and Zn, with higher AE aallated at the low cell density (p =
0.001 and 0.0003, respectively).

For clams, examination depuration kinetics of tha@igtracers (R2: 0.33-0.65 at 5
x 10° cell m* and 0.47-0.98 at fcell mi*) indicated that F, was not significantly

different between the two food densities for alteth radiotracers (Table 2, Fig. 3).
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However, when fed the low cell density, clams ipavated Co, Mn and Zn with

significantly higher AE (p = 0.003, 0.047 and 0.80fespectively).

4. Discussion

During the last two decades, dietary pathway has lrecreasingly recognized as
a major source of contaminant accumulation in nearivertebrates (e.g. Wang et al.,
1996; Reinfelder et al., 1998; Wang and Fisher9b99The assimilation efficiency (AE)
and retention time () are the critical parameters in assessing and iugléhe dietary
uptake of contaminants and numerous studies haem lbevoted to assess these
parameters in different marine organisms (e.g., §\&mal., 1996; Warnau et al., 1996b,
1999; Pan and Wang, 2008). However, as almosteainutropical environments (e.g.,
Phillips, 1991; Chong and Wang, 2000; Metian et 2005), only very few data are yet
available regarding AE andy} parameters for organisms from New Caledonia (e.qg.
Hédouin et al., 2006, 2007).

Ideally, the concentrations of metals in the tissoka biomonitor species should
reflect those occurring in the ambient environmdritis essential criterion has been
previously experimentally assessed Forsognomonand G. tumidumfor the dissolved
pathway (Hédouin et al., 200this issu¢ Exposures to a range of dissolved
concentrations of As, Cr, Co, Cd, Mn, Ni and Znigated that, over a realistic range of
concentrations, these elements were generally bemdrated in direct proportion to

their concentration in seawatdpifl.). The results presented here are complementahy wit

15
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these previous studies as they expand the availkbtevledge regarding metal
accumulation irfl. isognomorandG. tumidumo the dietary pathway.

When ingested with phytoplankton previously expoge@ range of increasing
Co concentration (up to 500 ng added @oCo was shown to be assimilated in the same
proportion (AE) and retained with similar relatigérength (T.,) whatever the food-
associated Co concentration was (see Fig.1 andeInblhe experimental conditions
were designed to cover the whole range of Co cdretéons that can be encountered in
New Caledonia waters, from pristine up to extrenme@gptaminated areas (Fernandez et
al., 2002; Goro-Nickel, 2004). Similar trends haeen previously reported by Chong
and Wang (2000) who observed that concentratidddpfCr and Zn in sediment had little
effect on the assimilation efficiency of sedimentibd metals in the green musBelrna
viridis and in the Manila clarRuditapes philippinarumHowever, the response to metal
concentration variation in ingested food appeardepend on the element as well as on
the species investigated. Indeed, whereas AE of @ musseMytilus eduliswas not
affected by the Se concentration in the ingestatbdis Thalassiosira pseudonajaAE
of Zn and Cd did respectively decrease and incteasth increasing contamination of
the diatom used as food (Wang and Fisher, 1996)eftleeless, along with data obtained
from exposures to increasing dissolved Co conceotrain the same species (Hédouin
et al.,this issug, the present results on Co AE indicate that enfield Co concentrations
in both I. isognomonand G. tumidumwould be reflecting the level of Co in their
environment, both in the dissolved and particupdtases.

Whereas food quality and quantity were shown toehawited influence on the

retention time of Co, Mn and Zn in clam and oysigsues, metal AE generally differed
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387

388

according to the feeding conditions. Metals weraegally better assimilated when
bivalves were fed. galbanathan the two other phytoplankton speciEs tfuxleyi or H.
triquetra). 1. galbanacells have comparable cell length (c.l.: 4-6 umjl @ell width
(c.w.: 2-4 um) thark. huxleyicells (c.l.: 3-4 um; c.w.: 3-4 um), but are muchafier
than H. triquetra cells (c.l.: 20-28 um; c.w.: 14-18 um). Hence, th#ferences and
similarities in AE observed among the feeding ctiods indicate that phytoplankton size
would not be the major factor driving metal AEghe two bivalves. Bivalves are able to
feed selectively on particles of different size aofl different nature (various
phytoplankton species as well as inorganic padjcie.g., Newell et al.,, 1989) and
species-related selectivity and/or dietary prefeesncould at least partly explain the
specific differences observed in AE. Alternativety complementarily, specific
difference in metal speciation such as storageehtetal under bioavailable forms in the
cytoplasm of the phytoplankton cells (e.g., Reuéeland Fisher, 1991; Wang et al.,
1996; Metian et al., 2008a) could also explainAkedifferences that were observed.
Food availability is another key factor that is Wehown to influence feeding
behaviour of filter-feeding bivalves (e.g. Bayneakt 1987; Bayne, 1993; Pan and Wang,
2008). Generally, filter-feeders can adjust théiration rate to ambient phytoplankton
density and thereby are able to maintain a stabdgestion rate even at high food
concentrations (Jin et al., 1996; Dong et al., 2@ang and Wang, 2004). Although no
conclusion on the influence of this adaptive fegdaehaviour could be directly drawn
from our results, it is clear that food availalyilitotably influenced the AE of the metals

examined irl. isognomorandG. tumidum
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It is nowadays well documented that the dietaryhwaly is an important
contributor to the global bioaccumulation of metalsnarine organisms (e.g. Wang and
Fisher, 1997; Metian et al., 2008a). Since the gestudy has shown that the feeding
behaviour ofl. isognomonand G. tumidumis influenced by the feeding conditions
(quality and/or quantity of food), it is stronglgaommended that future studies take into
account these parameters so as to refine the poediof biodynamic models (e.g.,
Thomann et al., 1995; Metian et al, 2008a; Pan\afatig, 2008). The consideration of
such data is also needed to explain bioaccumulat&ta obtained in the framework of
biomonitoring programmes. For example, Bendell-Ypurand Arifin  (2004)
demonstrated the influence of mussel feeding belavon their predicted tissue
concentrations in Cd, especially under conditiohkighly variable quantity and quality
of suspended particles.

In conclusion, our experimental results suggest fihad quality (phytoplankton
composition) and quantity (cell density) may plagignificant role in the assimilation of
metals ingested with food ih isognomonand G. tumidum Because of the major
importance of the dietary contribution to global tatebioaccumulation in marine
organisms, it is thus recommended to pay greattaiteto factors influencing AE. This
would help refining both bioaccumulation model peéidns and interpretation of data

from field surveys and biomonitoring programmes.
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Captions to Figures

Figure 1. Influence of phytoplankton-associated Co concéintia on whole-body
depuration kinetics of'Co in the oystetsognomon isognomaand the clanGafrarium
tumidumfed radiolabelledsochrysis galbang10 cells miY). A(%): remaining activity

(%) + SD (n = 9 oysters; n = 6 clams fand 5 ngt and n = 8 clams for 50 and 500 ng

.

Figure 2. Influence of phytoplankton specidsdchrysis galbanaEmiliania huxleyiand
Heterocapsa triquetral0® cells mi*) used as food on whole-body depuration kinetics of
*Mn, >'Co and®zn in the oystetsognomon isognomadm = 9 forl. galbanaand 8 forE.
huxleyiandH. triquetrg) and the clanGafrarium tumidun(n = 8 forl. galbanaand 7 for

E. huxleyiandH. triquetra). A(%): remaining activity (%) + SD.

Figure 3. Influence of phytoplankton cell density £5.0°, 10* or 5x 10* cells mi*) on
whole-body depuration kinetics ofMn, *‘Co and ®*Zn in the oysterlsognomon
isognomon(n = 9 for 18 cells mi* and 5x 10* cells mi*) and the clamGafrarium
tumidum(n = 6 for 5x 10° cells mI* and n = 8 for 1Dcells miY) fed radiolabelled

Isochrysis galbanaA(%): remaining activity (%) + SD.
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Table 1 Assimilation efficiency (AE, %), depuration ratenstant (k, d*) and biological

half-life (Twys, d) of >’Co in the oystedsognomon isognomoand the clamGafrarium

tumidum fed radiolabelledisochrysis galbana10* cell mI*) previously exposed to four

increasing Co concentrations (n = 9 oysters peceatnation tested, n = 6 clams fdoand 5

ng I* and n = 8 clams for 50 and 500 nd).l ASE: asymptotic standard error; RZ

determination coefficient.

Co concentration

Species AE £ ASE ke ASE Tws £ ASE R?
added(ng ")

I.isognomon O 158+7.0 0.032+0.036* 22 +24* 0.87
5 19.6 £+5.4 0.054 +£0.028* 13 +7* 0.88
50 16.6 £6.2 0.050+£0.036* 14 +10* 0.86
500 14.7+6.6 0.027 +£0.033* 25+ 30* 0.90

G.tumidum O 77.2+39 0.018+0.006 37.+172 0.64
5 77.4+39 0.019+0.006 36+1C 0.27
50 75.7+3.9 0.018+0.006 39z%12 0.51
500 84.1+59 0.019+0.007 3613 0.51

Significance of the estimated paramet&ns:< 0.05° p< 0.01,° p< 0.001¢ p< 0.0001, * not

significant (p > 0.05)
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Table 2. Assimilation efficiency (AE, %), depuration ratenstant (k, d*) and biological

half-life, (T, d) of >*Mn, *’Co and®Zzn in the oysteilsognomon isognomoand the clam

Gafrarium tumidunfed radiolabelleEmiliania huxleyi(10* cell mI*), Heterocapsa triquetra

(10* cell mI*) andlsochrysis galban#&10 cell mi* and 5 16 cell mI* for I. isognomon5 10

cell mr* and 18 cell mi* for G. tumidum (n = 8 oysters; n = 7 clams per phytoplankton

species tested). ASE: asymptotic standard erroig&®érmination coefficient.

Species Phytoplankton Cell density Isotope AE + ASE ke = ASE To £ ASE  R2
strain (cells mIt)
|.isognomon E. huxleyi 10° “Mn  34+6.5 0.028 +0.015* 24 +13* 0.74
10° >'Co 22+56 0.039+0.021* 18+ 10* 0.83
10° %Zn 70+6.5 0.0002 +0.007* 2783* 0.11
H. triquetra 10" >Mn 20+2.6" 0.025+0.012 28+1%F 0.92
10° *Co 21+4.F 0.050+0.026 14+6° 0.88
10 %Zn 51 +3.2 0.006+0.005* 123 +109* 0.57
|. galbana 10" *Mn  90+5.6 0.010+0.005 70 +32° 0.23
10° *Co 55+7.F 0.026+0.010 26+10° 0.63
10 %7n 76 +4.1 0.015+0.008 45+13 0.36
5 10 >Mn 41+7.8 0.015+0.014* 47 +46* 0.38
5 10 *Co 37 +21*  0.027 +0.043* 26 +42* 0.51
510 %Zn 52+3.5 0.010+0.005 70+ 34 0.60
G.tumidum  E. huxleyi 10° Mn  39+4.3% 0.051+0.019 14+3° 0.92
10° >'Co 80+3.5 0.010+0.004 7026 0.47
10° %Zn 42 +2.3 0.014+0.0084 48+14 0.93
H. triquetra 10" >Mn 56 +23° 0.021+0.026* 34+ 10* 0.61
10° *Co 41+3.f 0.014+0.0068 49+09° 0.89
10° %Zn 33+7.3% 0.005+0.016* 143 +474* 0.71
|. galbana 10" *Mn  22+3.7 0.044+0.018 165 0.65
10° >'Co 73+2. 7 0.010+0.008 68+271° 0.33
10° %Zn 51+3.8 0.013+0.008 55+25 0.52
510 >Mn 72+17.9F 0.046+0.021 15+7° 0.98
510 *Co 87+6.f 0.002+0.005* 416 +135* 0.47
510 %Zn 90 +3.0 0.011+0.003 6116 0.68

Significance of the estimated parameténs:< 0.05° p< 0.01,° p< 0.001¢ p< 0.0001, * not

significant (p > 0.05)
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