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Abstract : 
 
Asari (=Manila) clam, Ruditapes philippinarum, is the second bivalve mollusc in terms of production in 
the world and, in many coastal areas, can beget important socio-economic issues. In Europe, this 
species was introduced after 1973. In Arcachon Bay, after a decade of aquaculture attempt, Asari clam 
rapidly constituted neo-naturalized population which is now fished. However, recent studies emphasized 
the decline of population and individual performances. In the framework of a national project 
(REPAMEP), some elements of fitness, stressors and responses in Arcachon Bay were measured and 
compared to international data (41 publications, 9 countries). The condition index (CI = flesh 
weight/shell weight) was the lowest among all compared sites. Variation in average Chla concentration 
explained 30% of variation of CI among different areas. Among potential diseases, perkinsosis was 
particularly prevalent in Arcachon Bay, with high abundance, and Asari clams underwent Brown Muscle 
Disease, a pathology strictly restricted to this lagoon. Overall element contamination was relatively low, 
although arsenic, cobalt, nickel and chromium displayed higher values than in other ecosystems where 
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Asari clam is exploited. Finally, total hemocyte count (THC) of Asari clam in Arcachon Bay, related to 
the immune system activity, exhibited values that were also under what is generally observed 
elsewhere. In conclusion, this study, with all reserves due to heterogeneity of available data, suggest 
that the particularly low fitness of Asari clam in Arcachon Bay is due to poor trophic condition, high 
prevalence and intensity of a disease (perkinsosis), moderate inorganic contamination, and poor 
efficiency of the immune system. 
 
 
Highlights 
 
► Asari clams characteristics are compared among 9 countries through 41 references. ► 30% of 
condition index variation is explained by chlorophyll a concentration. ► Chla and diseases explain most 
of Asari clam poor fitness in Arcachon Bay. 
 

Keywords : Ruditapes philippinarum, Condition index, Perkinsus, Brown Muscle Disease, Element 
contamination, Immune system, Arcachon Bay 
 
 
 
 
1. Introduction 

 
Mollusc bivalves display a strong phenotypic plasticity, i.e. their environment modulate their population 
dynamics, including reproduction, recruitment, growth and mortality ( de Montaudouin, 1996, Newell, 
2004 and Peterson and Black, 1987). Factors involved in individual growth are the best understood. 
Most bivalves are suspension feeders and their growth performance is strongly related to food 
availability ( Suh and Shin, 2013 and Watanabe et al., 2009) alongside the role played by temperature 
( Fan et al., 2007 and Nam Han et al., 2008). For 
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intertidal bivalves, food availability directly depends on immersion time and plankton 

quantity (and quality). However many factors may disrupt the relation between trophic source 

and specific consumers. Competition with other suspension-feeders has been well-

documented (Fukumori et al., 2008; Troost et al., 2009). Many medium-scale experiments 

highlighted intra- and interspecific competition, mainly focusing on growth performance 

(Brock, 1980; Kamermans et al., 1992; Peterson, 1982; Ramón, 1996), but also on condition 

index (de Montaudouin and Bachelet, 1996) which represents the ratio between the flesh 

weight and the shell weight (or volume). At larger scale, the strategy rather consisted in 

assessing the capacity of the environment to sustain bivalve production (“carrying capacity”) 

(Dame and Prins, 1998; McKindsey et al., 2006; Sarà and Mazzola, 2004). 

Finally, co-occurring abiotic and biotic factors can impair bivalve fitness. Parasites are 

omnipresent in bivalve communities (de Montaudouin et al., 2000; Gam et al., 2008; 

Thieltges and Reise, 2007). Clades like trematodes are prevalent in bivalves and rather 

considered as population regulators, although they may induce mass mortality (Jonsson and 

André, 1992; Thieltges, 2006). In shellfish aquaculture, infectious diseases represent the first 

cause of mortality and can be related to few protozoan genuses (Perkinsus, Bonamia, 

Marteilia, Haplosporidium), bacteria and virus such as Vibrio and herpes virus, respectively 

(Morley, 2010; Rowley et al., 2014). Harmful algal bloom is another preoccupying source of 

stress impairing bivalve fitness, in interaction or not with other factors, e.g. parasitism 

(Lassudrie et al., 2014). Bivalve communities, exploited or not, are mainly distributed along 

coastal systems where anthropogenic pressure can also exert strong constraints. As filter-

feeders, bivalves are efficient bioaccumulators (Byrne and O'Halloran, 2001; Carroll et al., 

2009; Lehtonen et al., 2006; Verlecar et al., 2006). All kinds of pollutants may perturb bivalve 

physiology and impair their performances (Guerlet et al., 2010; Kim et al., 2008; Mearns et 

al., 2012). 
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The world production of marine bivalves in 2011 is ca. 12.8 million tons/year, when pooling 

fisheries and aquaculture statistics (FAO, 2014). Three groups of bivalves (oysters, mussels 

and clams) represented ca. 78 % of the total aquatic production (FAO, 2014). None are 

preserved from episodic or chronic crisis (Carnegie, 2005). Factors responsible of mass 

mortality are often identified, pathogen or drastic environmental changes for instance. 

Conversely, the responsibility of bad performances (deficit of growth, condition index, 

recruitment) is much more difficult to identify, due to the diversity of factors interacting 

within their habitat (as described above). 

The Asari clam (Ruditapes philippinarum) originates from Indo-Pacific waters. Since 1930, it 

has been introduced into different part of the world (Flassch and Leborgne, 1992). In Europe, 

R. philippinarum was primarily introduced in France for culture purposes in 1972 and later to 

England, Spain and Italy (Flassch and Leborgne, 1992). Within a few years, this bivalve 

established neo-natural populations in most southern European countries. In France, Arcachon 

Bay population ranked first in terms of biomass and exploited stock (Sanchez et al., 2014). 

The exploited stock was steadily declining (1159 t in 2008 vs 723 t in 2012) causing a crisis 

for fishermen and a drop of fishing licences. Deficit of growth, condition index and 

recruitment were quantified (Dang et al., 2010b). Among possible factors involved in these 

bad performances, diseases were evoked although their prevalence and intensity cannot 

explain alone this chronic crisis (Binias et al., 2014b; Dang et al., 2013; Dang et al., 2008). 

Between 2009 and 2013, in the framework of a French Ministry of Environment program 

(LITEAU 3, REPAMEP Project), a pluridisciplinary team monitored several parameters 

related to R. philippinarum biology in Arcachon Bay. Fitness of R. philippinarum in this Bay 

(and environmental factors) was compared to Asari clam fitness (and environmental factors) 

described in the literature elsewhere in the world where this species is exploited in order to 
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detect environmental factors impairing or ameliorating Asari clam fitness in the Bay of 

Arcachon. 

Two major problems were encountered. Firstly, most studies dealt with one type of factor 

(e.g. parasitism or chemical contaminants or harmful algal bloom, etc.) and did not provide 

data concerning other co-occurring stressors. Besides, the description of physical factors was 

usually scarce even for basic hydrological parameters like temperature, salinity, emersion 

time. Similarly, the presence of pathogens, pollutants, phycotoxins was analysed in terms of 

prevalence, levels or bioaccumulation but was rarely related to bivalve fitness. Conversely, 

studies dealing with fitness were rather (usually) in the framework of a population dynamics 

concern and did not take into account environmental stressors.  

The second main difficulty was related to the heterogeneity of methods and units among 

studies, e.g. fresh flesh weight vs. dry flesh weight, whole body measurement vs. single organ 

measurement, parasite intensity (= number of parasites per infected individual) vs. parasite 

abundance (= number of parasites per individual), different spatial and temporal scales, etc. 

Finally, in order to compare the parameters that were measured in Arcachon Bay to 

international literature, we had to restrict our analysis to: 1) condition index for fitness 

evaluation; 2) Chla concentration in the water for environmental data; 3) perkinsosis (no 

comparison for Brown Muscle Disease which only exists in Arcachon Bay); 4) twelve trace 

elements; and 5) total hemocyte count (THC) as a response to stress (Table 1).  

 

2. Materials and methods 

2.1. Study site 

Arcachon Bay is a 180-km2 semi-sheltered lagoon on the southwest Atlantic coast of 

France (Fig. 1). It is subjected to continental water inputs through mainly the Leyre River but 
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also many streams situated around the lagoon. In parallel, the lagoon receives marine waters 

from the Atlantic Ocean. Muddy intertidal flats colonized by Zostera noltei sea grass bed 

dominate the inner part of the lagoon (110 km2) whereas intertidal sand flats (Arguin, Fig. 1) 

are situated at the mouth of the bay. For this study, Arcachon Bay was divided in two sites: 

“Arcachon lagoon” (156 km²) and “Arguin” (24 km²) under oceanic influence. R. 

philippinarum is, in terms of biomass and excluding oyster culture, the dominant species of 

intertidal flats. The species inhabits both Arcachon lagoon and Arguin. 

 

2.2. R. philippinarum condition index 

Among the different possible condition indices, we selected the most consensual one for 

R. philippinarum :  

CI = dry flesh weight (mg)/dry shell weight (g) (Walne and Mann, 1975). 

Beyond R. philippinarum analyzed in the REPAMEP project in 2012 (Binias et al., 2014b), 

four other recent studies in Arcachon Bay (2003-12) were considered and compared as well as 

with ten others in the world based on the same CI calculations (Table 1). 

 

2.3 Chla in the water 

Chla concentration (in µg.L-1) was the only environmental factor which average values could 

be found in a sufficient number of sites where R. philippinarum condition index was 

available. All data are from the literature (Table 1). 

 

2.4. Diseases 

In the framework of REPAMEP project, R. philippinarum was manually sampled at 39 

sites in Arcachon Bay (Autumn 2009), at low tide (Binias et al., 2014a). Clams were found in 

33 of these sites (Figure 1) and Perkinsus olseni abundance was estimated using the protocol 
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from Ray (1952) modified by Choi et al. (1989). Clams were dissected and their gills were 

excised and weighed. The gills were incubated in 10 mL of fluid thioglycollate medium 

(FTM) supplemented with antifungal (Nystatin final concentration 40 mg mL-1) and 

antibiotics (Streptomycin and penicillin G final concentration 66 mg.mL-1 and 32 mg.mL-1 

respectively). Gills were incubated for at least one week in the dark at room temperature. 

After this time, the FTM was discarded following centrifugation (10 min-800 × g). Gill 

tissues were digested twice with 2 N NaOH at 60 °C for 1 h. After centrifugation (10 min-800 

× g), the supernatant was discarded and the pellet washed twice with a sterile solution of 

Phosphate Buffered Saline and resuspended in 1 mL of the same solution. Perkinsus sp. 

hypnospores were enumerated on a Malassez counting chamber by light microscopy. The two 

parameters that could be compared with the literature were abundance and prevalence (Table 

1). Abundance is defined as the number of cells per gram of wet gill tissues of analyzed clams 

and prevalence as the percentage of infected clams. 

R. philippinarum from Arcachon Bay is also impacted by Brown Muscle Disease (BMD). 

Benefiting from a resource monitoring (Sanchez et al., 2013), a total of 497 stations were 

sampled (May-June 2012) to collect 11701 V. philippinarum all over the lagoon. Samples 

consisted in sediment cores (0.25 m²) using a Hamon grab, taken to a depth of 20 cm. 

Individuals with shell length ≥ 23 mm (=threshold of infection according to previous studies) 

were dissected. The anterior muscle was observed under stereoscope to check necrosis related 

to BMD (Dang et al., 2008; Dang et al., 2009b). The prevalence was defined as the percentage 

of infected individuals (≥ 23 mm).  

 

2.5. Trace element determination in clams and sediments 

During REPAMEP project, R. philippinarum was seasonally sampled at 6 sites (Arguin + 

5 inner lagoon sites) in 2010, 2011 and 2012 (Fig. 1). Flesh of two individuals per replicate 
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was extracted from the shell, mechanically homogenized and freezed under -20°C until 

analysis. Twelve trace elements (silver ‘Ag’, aluminium ‘Al’, arsenic ‘As’, cadmium ‘Cd’, 

chromium ‘Cr’, cobalt ‘Co’, copper ‘Cu’, mercury ‘Hg’, manganese ‘Mn’, nickel ‘Ni’, lead 

‘Pb’ and zinc ‘Zn’) were determined in 5 replicates per sampling site or time of total flesh R. 

philippinarum (in µg.g-1 dw for dry weight) by ICP-OES (ICP-OES 720, Agilent 

Technologies) or ICP-MS (Thermo Fisher Scientific XSeries II). Aliquots of the biological 

samples were first digested in 3 mL of pure HNO3 (Merck, Darmstadt, Germany) in a 

pressurized medium at 100 °C for 3h (hot block CAL 3300, Environmental Express, USA). 

Digestions were then diluted up to 18 mL with ultra-pure water (Milli-Q, Bedford, MA, 

USA). Three control samples (two CRMs and one blank) treated and analysed in the same 

way as the samples were included in each analytical batch. The CRMs were dogfish liver 

DOLT-4 (NRCC) and lobster hepatopancreas TORT-2 (NRCC). Trace element 

concentrations were expressed in µg.g-1 dw, which was the most consensual unit in the 

investigated literature (Table 2). The same sites were also sampled at one occasion for 

sediment analysis according to the same procedure. Only seven elements (As, Co, Cu, Mn, 

Ni, Pb and Zn) were determined in these samples. The detection limits were (µg/L):  Ag 330; 

Al 310; As 200; Cd 214; Co 240; Cr 270; Cu 230; Mn 260; Ni 230; Pb 220; Zn 210. 

Total Hg analyses were carried out by atomic absorption spectrophotometry with an 

Advanced Mercury Analyser (ALTEC AMA 254) on 0.1 g of dried clams. Mercury analyses 

were run under a thorough quality controlled program that includes analysis of certified 

reference material (CRM; lobster hepatopancreas TORT-2; National Research Council, 

Canada). Standard aliquots were treated and analysed according to the same conditions as the 

samples. The results were in good agreement with the certified values, with a mean recovery 

rate of 92%. The detection limit of the method is 0.01 ng Hg with an average analytical 

variability of 5%. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

9 
 

 

2.6. Total hemocyte count in R. philippinarum 

Beyond R. philippinarum individuals that were analyzed in the REPAMEP project in 2012 

(Binias et al., 2014b), we took into account results from a study performed in 2007 and 2008 

(de Montaudouin et al., 2010) (Fig. 1, Table 1). The methodology was similar in both 

monitoring. Hemolymph was withdrawn from the posterior adductor muscle using a 1 mL 

syringe fitted with a 25 gauge needle. The hemolymph was filtered on 80 µm mesh and stored 

on ice to minimize cell clumping. An aliquot of hemolymph (100 µL) was diluted by adding 

100 µL of filtered sterile seawater and fixed with addition of 200 µL of a formaldehyde 

solution at 6.4% in seawater. Total hemocyte count (THC) was measured by Flow Cytometry 

using a FACScalibur flow-cytometer (BD Biosciences, San Jose, CA) equipped with a 488 

nm argon laser. Hemocyte cells were detected on the flow-cytometer using DNA marker 

(SYBR® Green I) and their concentrations, in cells per mL, were estimated from the flow rate 

measurement of the flow cytometer (Marie et al., 1999). 

In order to compare the THC data obtained in the frame of the present work (cells 

maintained in formaldehyde solution at 4°C, one week maximum before measurement) to the 

others works (THC done on live hemocytes), it is necessary to apply a correction to the 

obtained concentration. In fact, fixation induces some cell lost. The correction applied (C. 

Lambert Com. Pers.) is the following:  

THC measured on live cells = 2648.42 + 1.33479 x THC measured on fixed cells. 

(Pearson test, P = 0.055, R² = 0.75)  

 

2.7. Data treatment 

Results from Arcachon Bay were compared to 50 references from the literature on R. 

philippinarum in nine countries (France, Ireland, Italy, Portugal, Spain, USA, China, Korea, 
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Japan; Table 1). Measured parameters were: condition index (CI), phytoplankton biomass 

through chlorophyll a concentrations (Chla, µg.L-1), Perkinsus olseni abundance and 

prevalence (BMD was not compared due to its absence out of Arcachon Bay), trace element 

concentrations and total hemocyte count (THC). Only results on clams > 20 mm, were taken 

into account for this study. This choice was motivated by the interest to work on mature 

individuals and to allow comparisons since this range was the most studied in the literature for 

cited parameters. Minimal and maximal mean values (e.g. minimal and maximal mean values 

in a monthly or seasonal monitoring) for each parameter measured in R. philippinarum from 

Arcachon lagoon were compared to individuals from Arguin, which is considered as an 

uncontaminated site out of Arcachon Bay (Fig. 1), and also compared to data from several 

other sites, according to international literature. Finally, Pearson correlation test was applied 

to compare condition index of R. philippinarum and Chla content in the water. 

 

3. Results 

3.1. Condition index and relationship with Chlorophyll a concentration 

Condition index inside Arcachon lagoon was comprised between 32 and 46 (Fig. 2). This 

range is below those recorded at Arguin (out of the lagoon, in the oceanic part) (55 to 70) and 

those in other sites in the world (51 to 103). 

When pooling all available data in the literature (Table 1), a significant positive 

correlation was observed between the median condition index and the median Chla 

concentrations in the water (p = 0.008,  N = 22, Pearson Test; Fig. 3). Median Chla 

concentration variation explained 30% of CI variation. The correlation was not modified 

when taking into account whether R. philippinarum were in intertidal or subtidal position (not 

illustrated). 
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3.2. Perkinsus olseni prevalence and abundance 

Comparing available data (Table 1), the average maximum range of Perkinsus sp. 

abundance in R. philippinarum inside Arcachon lagoon was 2.09×105 cells g-1 (in gill wet 

weight; Fig. 4). Perkinsosis is rare or absent from the outer part of the lagoon (Arguin), and 

other French northern sites such as Marennes-Oléron and Landéda (Lassalle et al., 2007). 

Morbihan station in France, as well as sites in Korea and Japan displayed higher maximal 

values (>1.106 cells g-1).  

P. olseni prevalence range was also high in Arcachon lagoon (70 to 100%) (Fig 5). 

Similar levels are reached in Fangar Bay, Spain (57 to 100%, Elandalloussi et al., 2008), 

Seonjaedo Island, Korea (38 to 97%, Uddin et al., 2010) and Japan (57 to 94%, Choi et al., 

2002; Hamaguchi et al., 1998). In other French sites which are monitored for this parameter, 

prevalence is comprised between 0% in sites such as Arguin, Marennes-Oléron, Landéda, and 

87% in Morbihan, France (Fig. 5). 

 

3.3. Brown Muscle Disease (BMD) 

Estimation of BMD prevalence in Arcachon lagoon during REPAMEP project was 4% of 

individuals with shell length ≥ 23 mm, with high spatial heterogeneity. These results are not 

presented in the present paper because this disease was not described elsewhere. 

 

3.4. Trace element concentrations in clams and sediments 

R. philippinarum from Arcachon lagoon displayed maximal seasonal concentrations of 

nine trace elements 2 to 4 times higher than those from Arguin, namely Al (×2.5), As (×2), Cd 

(×3), Co (×2), Cr (×2), Cu (×2), Hg (×4), Mn (×3), and Ni (×2; Table 2). Conversely, Ag, Pb 

and Zn reached similar concentrations in the lagoon and at Arguin.  
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In parallel, four elements reached higher maximal concentrations in Arcachon lagoon 

compared to other sites from the literature. Arsenic concentrations in the lagoon were 2-fold 

higher compared to Venice lagoon but are in the same order of magnitude as in Marano 

lagoon, Italy (Sfriso et al., 2008; Table 2). Concentrations of cobalt in Arcachon lagoon were 

also twice those previously recorded in Venice and Marano, Italy (Moschino et al., 2012; 

Sfriso et al., 2008) but was largely below concentrations in Korea (Ji et al., 2006). The highest 

nickel concentrations in Arcachon lagoon was two-fold the highest concentration recorded in 

other sites, i.e. in Kyeonggi Bay, Korea (Ji et al., 2006). Finally, chromium maximal 

concentration in Arcachon lagoon was above all other studied sites, from 1.5 to 40 fold. 

Concerning sediment contamination, all trace element concentrations (As, Co, Cu, Mn, 

Ni, Pb, Zn) were higher in Arcachon lagoon than in Arguin (Table 3). For example, Ni 

maximal mean concentration in the lagoon was approximately 18-fold higher compared to 

those in Arguin. Concentrations of arsenic had also a tendency to be higher than in Italian 

sites. Pb and Zn maximal mean values were above other studied sites with the exception of 

the Venice lagoon (Table 3). 

 

3.5. Immune response: total hemocyte count (THC) 

THC in R. philippinarum from Arcachon lagoon is in the lower range of values recorded 

in the literature (Fig. 6). Indeed, THC reached maximal mean values of 800 000 cell mL-1 

while those of Brest and Marennes-Oléron reached 2 400 000 and 1 750 000 cell mL-1, 

respectively. The highest value was however observed in Southern Puget Sound, USA, with 

clams reaching 4 100 000 cell mL-1 (Allam et al., 2001). 

 

4. Discussion 
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4.1. Condition index and relationship with Chlorophyll a concentration 

Condition index (CI) of bivalves gives a comprehensive idea of the fitness of the 

population (Beninger and Lucas, 1984; Marin et al., 2003). Ruditapes philippinarum CI 

values in Arcachon Bay are about half of what is observed in other parts of the world ([32-46] 

vs. [51-103], respectively, see references in Table 1) which suggests a particularly poor 

fitness. Other authors used morphological characteristics as a proxy for nutritional conditions 

(Caill-Milly et al., 2012 and 2014; Watanabe & Katayama, 2010). Our results are consistent 

with such previous approach for which the globularity of the shell observed for Arcachon was 

in accordance with phenotypic changes under "unfavorable" conditions. This deficit of CI is 

not the only worrying parameter: recruitment and individual growth that were assessed in 

previous studies also highlight low values (Dang et al., 2010b; de Montaudouin et al., 2010). 

Two non-exclusive hypothesis can be evoked, genetic and/or phenotypic (Peterson and Beal, 

1989). R. philippinarum was officially introduced at a single occasion in 1972 (Flassch and 

Leborgne, 1992) and a genetic impoverishment of the population could be expected. 

However, transplant experiments showed that Asari clams transported from the lagoon to the 

more oceanic area (Arguin) recovered in terms of CI (de Montaudouin, 2013) and growth 

(Dang et al., 2010b), even when they were parasitized by Perkinsus (Dang et al., 2010a). 

These results suggest a high phenotypic plasticity, i.e. that environment explains a significant 

part of R. philippinarum poor performances in the lagoon. 

The only environmental parameter that could be statistically tested in relation with CI was 

the average concentration of Chla in the water. Primary production is associated with bivalve 

production including CI (Gam et al., 2010; Ivell, 1981; Möller and Rosenberg, 1983). 

Arcachon Bay is known as a mesotrophic lagoon with annual average Chla concentration of 

ca. 2 µg.L-1 (Glé, 2007). In this study, it is one of the lowest values recorded in waters where 

R. philippinarum is exploited and explains 30% of CI variability among investigated sites. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

14 
 

This trophic deficit could be exacerbated by the intertidal position of R. philippinarum, 

emersion being a disadvantage for suspension-feeder growth (de Montaudouin, 1996; 

Peterson and Black, 1988). However, applying emersion time to our model (condition index 

as a function of Chla concentration in the water) did not change the results: the effect of 

emersion seems negligible compared to the effect of the low phytoplankton concentration in 

the water of Arcachon Bay. A recent study on morphological patterns related to 

environmental variability at the scale of four French sites also revealed significant 

relationships with chlorophyll a concentrations even if the levels of Chla differed (Caill-Milly 

et al., 2014). 

 

4.2 Diseases 

Diseases represent another possibility to explain R. philippinarum health deficit and 

Arcachon lagoon appears at a hot spot with two dominant diseases, as already observed in 

2007-08 (de Montaudouin et al., 2010). Whereas trematodiasis and brown ring disease (BRD) 

were not considered in this study due to their scarcity (Dang et al., 2009a; Lassalle et al., 

2007), perkinsosis and brown muscle disease are at a high level of infection compared to 

other sites. Unfortunately, there are no available data correlating CI and Perkinsus 

concentration in R. philippinarum but there is evidence of a loss of fitness for these bivalves 

infected by P. olseni (Cigarría et al., 1997; Dang et al., 2013; Pretto et al., 2014; Shimokawa 

et al., 2010; Villalba et al., 2005; Waki et al., 2012; Yoshinaga et al., 2010). In Arcachon 

lagoon, the parasite abundance in gill can overpass 105 cells.g fresh weight which is the 

suggested threshold to observe pathological effects (Dang et al., 2009a). 

The other prevalent disease in R. philippinarum from Arcachon lagoon is the BMD. This 

disease was identified for the first time in Arcachon Bay in 2005 and consists in the 

progressive decay of posterior adductor muscle leading to death. Estimation of BMD 
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prevalence in Arcachon lagoon during REPAMEP project was 4% of individuals with shell 

length ≥ 23 mm. There is no possible comparison with other sites. Indeed, so far, this disease 

was observed only in Arcachon lagoon, although there was a suspicion in Portugal (Pers 

observation) and in Great Britain (Bateman et al., 2012). Nevertheless, BMD participates to 

the global fitness deficit of R. philippinarum (Binias et al., 2014b; Dang and de Montaudouin, 

2009) compared to other sites which are all BMD-free. 

 

4.3 Trace elements 

Trace element concentrations, in average, display relatively low values although some (9 

among the investigated elements) are over values observed in other ecosystems exploiting R. 

philippinarum. Data on aluminum remain scarce and none concerns R. philippinarum. So far, 

effect of Al on R. philippinarum health is unknown. On one hand, arsenic maximum average 

concentration in R. philippinarum in inner Arcachon Bay is twice higher than in clams from 

Arguin and are similar to concentrations observed in the industrialized inner lagoon of Venice 

in Italy (Moschino et al., 2012). Arcachon Bay is not an industrialized area but however 

sediment As concentrations were also relatively high and over ERL (Effect Range-Low) 

threshold as defined by Long et al. (1995). On the other hand, Arcachon As concentrations in 

R. philippinarum remain below national median in Mytilus edulis (I.F.R.E.MER, 2005). The 

deleterious effect of As for organisms remains delicate to claim because its toxicity depends 

on its chemical form. Despite a high cadmium bioaccumulation potential in R. philippinarum 

(Baudrimont et al., 2005), maximal cadmium concentrations remained low in the present 

study with a maximal value of 0.66 µg.g-1 dw (below consumption safety level, CE No. 

466/2001). This is slightly over Arguin value (max=0.23 µg.g-1 dw) and similar to 

concentrations of R. philippinarum challenged with fairly pristine sediment of Bay of Cadiz 

(Spain) (Riba López et al., 2010), or of R. philippinarum in the most oceanic and unpolluted 
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part of Venice lagoon in Italy (Moschino et al., 2012). The highest recorded values coincide 

with concentrations for which some cellular responses (as metallothionein synthesis) of clams 

were detected with putative minor stress (de Montaudouin et al., 2010). However, values are 

much lower than in areas where pollution is obvious as in Jiaozhou Bay in China (Wang et al., 

2010) or inner Venice lagoon (Moschino et al., 2012). Chromium concentrations in R. 

philippinarum in Arcachon Bay, both at Arguin and Arcachon lagoon, are in the same ranges 

of the sites known to be polluted such as Jiaozhou Bay, China (Wang et al., 2010) and 7-11 

times higher than in other contaminated sites of Cadiz Bay (Spain) (Riba López et al., 2010) 

or Venice lagoon (Moschino et al., 2012). Manganese is a required trace element for all living 

organisms (enzyme cofactor) that however is rarely measured in R. philippinarum. In 

Arcachon Bay, it is in the range of levels measured in Italy but about two fold lower than in 

Asian sites, Jiaozhou Bay (China) (Wang et al., 2010), and Kyeonggi Bay (Korea) (Ji et al., 

2006). Like chromium, nickel is at a high level in Arcachon lagoon, with maximal 

concentrations in R. philippinarum almost as high as those observed in polluted area of 

Jiaozhou Bay (China) (Wang et al., 2010). Conversely, concentrations in sediment are rather 

low compared to this Chinese bay and other sites reviewed in the related study (Wang et al., 

2010), and are below ERL guideline (Long et al., 1995). Most mercury compounds are toxic 

and dangerous at very low levels in both aquatic and terrestrial ecosystems. Mercury is a 

persistent substance and bioaccumulates in living organisms like suspension-feeding bivalves. 

The maximal concentrations range around 1.2 g.g-1 dw, which is a higher value than the 

maximal concentrations recorded in Cadiz Bay (Spain) (Riba López et al., 2010), in North 

Médoc (France) (Baudrimont et al., 2005) or Venice lagoon (Italy) (Moschino et al., 2012) 

and slightly higher than the French National median for Mytilus edulis (1.1 µg.g-1 dw). 

 

4.4. Total hemocyte count (THC) 
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To assess apparent resistance of R. philippinarum in their environment many molecular and 

cellular biomarkers are available. However, the only one that could be compared among a 

relevant number of sites or studies was the THC. THC is often, but not always, correlated to 

other parameters involved in the immune response that would contribute to clam defenses 

against pathogens, e.g. hemocyte viability, phagocytic activity, adhesion etc. (Allam and 

Ford, 2006; Paul-Pont et al., 2010b). Thus, low THC values in R. philippinarum from 

Arcachon lagoon compared to those from other sites suggest a certain weakness to react to 

stress. In particular, our data show that clams from Arcachon lagoon display “low maxima” 2 

to 6 fold lower as compared to other sites, reinforcing the idea that they would have low 

capacity to react against stressors including pathogens. 

 

5. Conclusion 

Difficulty to obtain really comparable data must be reminded to explain the heterogeneity of 

results. However, there is strong evidence that Asari clams from Arcachon lagoon display low 

condition index compared to all other sites and that a significant cause is the low values of 

Chla in plankton. Moreover, condition index and Chla concentrations are also relatively low 

at Arguin where disease and element contamination are at very low levels. Low Chla 

concentration values in the water column and poor R. philippinarum condition index may also 

rise the hypothesis that the carrying capacity for filter feeders in Arcachon Bay is reached. 

High biomass of bivalves (mostly oysters Crassostrea gigas) has been recorded in Arcachon 

Bay (Sanchez et al., 2013; Scourzic et al., 2011) which could deplete seston and exert a top-

down control of primary production. Carrying capacity evaluation necessities robust dynamic 

models and remains difficult to obtain (McKindsey et al., 2006). It was successfully 

performed in few coastal areas in relation with aquaculture (Bacher et al., 1998; Dame and 

Prins, 1998) and should be a research perspective in Arcachon Bay. After trophic source 
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deficit, perkinsosis appears as a particularly prevalent disease, with high parasite abundance. 

Brown Muscle Disease is only present in Arcachon bay and represents undoubtedly a 

supplementary handicap for its Asari clam population. Trace element concentrations in clams 

are, in average, at lower levels than levels tolerated regarding regulatory issues but often at 

higher concentration than in other sites with R. philippinarum production. Beyond average, it 

would be relevant to look for element concentration peaks and especially regarding nickel and 

chromium. Finally, this study suffers from limitations in terms of stressors that were measured 

in this REPAMEP project and/or that were investigated in other sites for comparison (PAH, 

harmful algal blooms, pesticides …), considering that it is now admitted that these stressors 

can interact on bivalve response with additive, synergistic or antagonistic effects (Lassudrie et 

al., 2014; Paul-Pont et al., 2010a,b). Besides, antimicrobial peptides in oyster hemolymph 

proved to have a bacterial origin suggesting to take into account the role of hosted 

bacteriocinogenic bacteria into bivalve defense (Defer et al. 2013). Changes in the hosted 

microbiota can occur under environmental stress which, in the particular instance of 

bacteriocinogenic bacteria, could affect the bivalve defense and finally the bivalve fitness, 

consistently with the hologenome theory (Zilber-Rosenberg and Rosenberg, 2008). The 

assessment of bacterial community in clam individuals from different origins would allow 

addressing this question for the Asari clam microbiota. 
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Fig. 1. Arcachon Bay map with the sampling sites indicated inside the lagoon and at Arguin: 

 sampling sites for trace elements in 2010, 2011 and 2012 (this study),  sampling sites for 

perkinsosis measurements in 2004 (IFREMER, 2005), 2006, 2007 (Dang et al., 2010a, 2013) 

and 2009 (Binias et al., 2014a), and  sampling sites for total hemocyte count (THC) 

determinations in 2007, 2008 (de Montaudouin et al. 2010) and 2012 (this study). 
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Fig. 2. R. philippinarum – Mean range of condition index in Arcachon lagoon (main habitat 

of the Asari clam), Arguin (out the lagoon) and other sites in France, Ireland, Italy, Portugal 

and Korea (see Table 1). 
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Fig. 3. Relationship between the median condition index (CI) and the median chlorophyll a 
concentration (in µg of Chl a per L) in  Arcachon lagoon,  Arguin and  other sites from 
the literature in France, Ireland, Italy, Portugal and Korea. 
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Fig. 4. Infection abundance range (cell g-1 ww) in logarithmic scale of Perkinsus in clams 

from France: Arcachon lagoon (Lag), Arguin (Arg), Marennes-Oléron (Mar), Morbihan 

(Morb), Landéda (Land), Noirmoutier (Noir), Korea (Kor) and Japan (Jap). 
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Fig. 5. Infection prevalence range (%) of perkinsosis in clams from France: Arcachon lagoon 

(Lag), Arguin (Arg), Marennes-Oléron (Mar), Morbihan (Morb), Landéda (Land), 

Noirmoutier (Noir), Cotentin (Cot), Spain: Eo estuary (Eo), Fangar Bay (Fang), Huelva 

(Huel), Japan (Jap), and Korea: Jeju Island (Jeju), Seonjaedo Island (Seon). 
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Fig. 6. Total hemocyte count (THC, cell mL-1) in clams from France: Arcachon lagoon (Lag), 

Marennes-Oléron (Mar), Landéda (Land), Bay of Brest (Brest), Chausey Island (Chau), 

Morbihan (Morb), and USA: Southern Puget Sound (Pug). 
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Table 1 

References used from the literature to compare Asari clam (R. philippinarum) trace element concentrations, perkinsosis abundance and 

prevalence, total hemocyte count (THC), condition index (CI) and phytoplankton biomass through chlorophyll a concentrations (Chl a) between 

Arcachon Bay and different sites in the world. 

Sites Trace elements Perkinsosis THC CI Chl a 

Arcachon  7, 8, 14, 15, 19, 30, 34 8, 19 8, 14, 16, 30 25, 44 

France 5 19, 24, 29, 30, 34 1, 2, 13, 19, 20, 24, 45 6, 17, 26, 30, 45 3, 10, 22, 31, 32, 44 

Ireland    21 18 

Italy 35, 42, 46   9, 35 9, 27, 43 

Portugal    48 35 

Spain  12, 23, 37    

USA   2   

China 39, 49     

Korea 33 38, 40, 41, 47, 50  4 4, 41 

Japan  11, 28    

1 – Allam et al., 2000; 2 –Allam et al., 2001; 3 – Bacher and Goulletquer, 1989; 4 – Baek et al., 2014; 5 – Baudrimont et al., 2005; 6 – Beninger and Lucas, 1984; 7 – Binias 
et al., 2014a; 8 – Binias et al., 2014b; 9 – Boscolo et al., 2003; 10 – Bruchon et al., 2008; 11 – Choi et al., 2002; 12 – Cigarría et al., 1997; 13 – da Silva et al., 2008; 14 – 
Dang et al., 2013; 15 – Dang et al., 2010a; 16 – Dang et al., 2010b; 17 – Daou and Goulletquer, 1988; 18 – Darecki et al., 2003; 19 – de Montaudouin et al., 2010; 20 – 
Delaporte et al., 2003; 21 – Drummond et al., 2006; 22 – Dutertre et al., 2013; 23 – Elandalloussi et al., 2008; 24 – Flye-Sainte-Marie et al., 2009; 25 – Glé, 2007; 26 – 
Goulletquer, 1989; 27 – Gunatilaka et al., 2009; 28 – Hamaguchi et al. 1998; 29 – Hégaret et al., 2007; 30 – IFREMER, 2005; 31 – IFREMER, 2011; 32 – IFREMER, 2013; 
33 – Ji et al., 2006; 34 – Lassalle et al., 2007; 35 – Lopes et al., 2007; 36 – Moschino et al., 2012; 37 – Navas et al., 1992; 38 – Ngo and Choi, 2004; 39 – Pan and Wang, 
2011; 40 – Park and Choi, 2001; 41 – Park et al., 2006; 42 – Sfriso et al., 2008; 43 – Sfriso et al., 2003; 44 – SOMLIT, 2014; 45 – Soudant et al., 2004; 46 – Trombini et al., 
2003; 47 – Uddin et al., 2010; 48 – Velez et al. 2015; 49 – Wang et al., 2010 ; 50 – Yang et al., 2012. 
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Table 2 

Trace element concentration ranges (minima and maxima means in µg g-1 dw) in Asari clams from Arcachon lagoon and Arguin (this study) and 

other sites obtained from the literature in France, Italy, China and Korea. Details about reference numbers are indicated in Table 1. 

Location Ref Ag Al As Cd Co Cr Cu Hg Mn Ni Pb Zn 

Arcachon (lagoon)  0.6-4.2 98.0-550.0 30.0-60.5 0.2-0.7 2.5-4.0 17.5-97.0 7.0-15.0 0.4-1.2 7.0-30.3 8.3-71.0 0.9-4.0 76.5-86.5 

Arcachon (Arguin)  1.6-5.3 30.0-200.0 27.0-30.0 0.1-0.2 1.8-2.0 20.0-40.0 5.0-8.0 0.2-0.3 9.0-10.0 3.0-35.0 0.4-3.3 60.0-80.0 

France              

Gironde estuary 5    0.1   20.0 0.10    90.0 

Italy              

Marano lagoon 42   42.8-64.0 0.3-0.4 1.5-2.7 3.1-4.4 8.4-13.7 1.4-2.0 13.1-25.8 3.0-8.4 0.5-1.2 68.7-81.7 

Venice lagoon 36, 42   14.6-30.1 0.4-1.7 0.8-2.4 1.2-2.6 7.9-21.5 0.2-0.6 8.0-19.0 1.1-9.2 0.4-3.2 88.7-186.5 

Pialassa Baiona 46        0.3-0.6     

China              

Jiaozhou Bay 49    1.1-1.7  15.6-25.3 7.4-13.7  28.2-45.9 18.0-26.2 2.1-7.3 70.3-80.8 

Clear Water Bay 39        0.03-0.11     

Korea              

Kyeonggi bay 33    0.5-2.2 0.6-8.6 0.6-2.4 5.5-14.3  20.5-177.0 2.7-33.5 0.3-1.7 64.7-162.0 

 

  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

42 
 

Table 3 

Trace element concentration ranges (minima and maxima means in µg g-1 dw) in sediments from Arcachon lagoon, Arguin (this study) and other 

sites obtained from the literature in France, Italy, China and Korea. Details about reference numbers are indicated in Table 1. 

Location Ref As Co Cu Mn Ni Pb Zn 

Arcachon (lagoon)  9.7-26.0 4.2-9.5 8.9-26.0 85.2-214.3 9.9-22.7 15.1-38.4 63.5-146.5 

Arcachon (Arguin)  9.8-15.2 0.6-0.8 1.4-2.1 14.0-19.3 0.8-1.3 1.0-2.4 8.9-10.7 

France         

Gironde estuary 5   20.0-30.0     

Italy         

Marano lagoon 42 4.0-6.6  2.7-4.2 357.0-386.0 18.6-26.3 2.4-6.8 4.1-26.7 

Venice lagoon 36, 42 5.7-20.8 6.6-13.8 6.3-58.0 244.0-360.0 18.7-46.6 7.2-57.7 41.7-391.5 

China         

Jiaozhou Bay 49   14.2-25.1 407.5-564.9 33.1-39.9 12.9-21.9 72.9-88.1 

Korea         

Kyeonggi Bay 33  7.8-8.6 8.4-9.3 450.0-842.0 12.2-17.1 12.7-13.7 47.7-56.8 

 

 

 




