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ABSTRACT: Pathogens belonging to the genus Perkinsus infect many bivalve molluscan species
around the world, including the Manila clam Ruditapes philippinarum. We investigated the spatial
distribution of this parasite at 34 stations throughout Arcachon Bay (SW France). Prevalence of
perkinsosis was 93 % and mean infection abundance was 96 x 10° cells g~ wet gill. Lowest mean
abundances were found close to the Leyre River mouth and a significant negative correlation was
observed between mean abundance and salinity. Perkinsosis was rare at the oceanic site where salin-
ities and other environmental parameters were stable. A second aim of this study was to survey
perkinsosis during annual cycles at 4 sites within Arcachon Bay. Prevalence and intensities (+SE) of
the disease were high, on average between 70 and 100 %, and 130 x 10® + 6.7 x 10° cells g~! wet gill.
No seasonal cycle was evident. Clams were infected at 9 mm shell length and infection increased
with clam size. The third objective was to determine the disinfection and infection kinetics through a
21 mo reciprocal transplantation between a nearly Perkinsus sp.-free area and a highly affected site.
Disinfection appeared to be a very slow process and was similar at the site with favorable conditions
for Perkinsus sp. as at the site with unfavorable conditions. Conversely, infection acquisition
appeared to be episodic with spatially defined areas. Consequently, the overall lack of a clear
seasonal infection pattern is interpreted as the combination of episodic infection events and slow
disinfection kinetics.
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INTRODUCTION

Pathogens belonging to the protozoan genus Perkin-
sus occur around the world and infect numerous spe-
cies of oysters, clams and abalones. They have been
associated with massive mortalities of commercially
important mollusks including Crassostrea virginica in
the USA (Andrews & Hewatt 1957) and Ruditapes de-
cussatusin Spain and Portugal (Ruano & Cachola 1986,
Azevedo 1989). The Perkinsus genus includes several
species of molluscan parasites, including P. marinus
from C. virginica (Mackin et al. 1950, Burreson et al.
1994), P. olseni from the blacklip abalone Haliotis ru-
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ber (Lester & Davis 1981), and clams R. decussatus
and R. philippinarum (Azevedo 1989, Navas et al.
1992), P. qugwadi from Japanese scallops Patinopec-
ten yessoensis (Blackbourn et al. 1998), P. chesapeaki
from the clams Mya arenaria and Macoma balthica
(McLaughlin & Faisal 1999, Coss et al. 2001, Dungan
et al. 2002), P. mediterraneus from the European flat
oyster Ostrea edulis (Casas et al. 2004), P. honshuensis
from R. philippinarum (Dungan & Reece 2006) and
P. beihaiensis from C. ariakensis (Moss et al. 2008).
The Manila clam Ruditapes philippinarum is from
the Indo-Pacific but is now widely distributed all over
Europe. It was introduced in France in 1972, rapidly
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became naturalized, and is now a common bivalve of
tidal flats along the Atlantic coast. The Manila clam
has important commercial value. French production
was 3000 t in 2005. Arcachon Bay (a southwestern
French Atlantic lagoon) ranks first in terms of national
production, with ~1000 t being produced in the bay in
2008.

In Asia, Perkinsus sp. has been identified in Manila
clams Ruditapes philippinarum in Korea (Choi & Park
1997, Park et al. 1999, Lee et al. 2001, Park & Choi 2001),
Japan (Hamaguchi et al. 1998, Choi et al. 2002), and
China (Liang et al. 2001). Perkinsus olseniis considered
a severe pathogen with a highly destructive potential in
clams belonging to the genus Ruditapesin Spain, Portu-
gal and Italy (Azevedo 1989, Figueras et al. 1992,
Sagristd et al. 1995, Elandalloussi et al. 2008). In Europe,
Perkinsus sp. was found in R. philippinarum in Spain
(Navas et al. 1992), Italy (Da Ros & Canzonier 1985, Da
Ros et al. 1998) and France (Lassalle et al. 2007).

Perkinsus spp. pose major threats to molluscan aqua-
culture around the world. Thus, it is important to deter-
mine the infection level and the dynamics of the
Perkinsus sp. parasite. The present study makes a con-
tribution by investigating perkinosis in Ruditapes
philippinarum from Arcachon Bay during an annual
cycle. Previous studies gave an instantaneous picture
of Perkinsus sp. infection in Arcachon Bay (Fouche et
al. 1997, Lassalle et al. 2007). The aims of this study
were to (1) map the infection distribution in 34 stations
throughout Arcachon Bay; (2) survey Perkinsus sp.
infection during annual cycles in 4 sites; and (3) exam-
ine perkinsosis abundance dynamics through a cross-
transplantation experiment between a site with very
low and a site with high perkinsosis intensity.

MATERIALS AND METHODS

Study area. Arcachon Bay (44°40'N, 1°10'W) is a
180 km? semi-sheltered lagoon on the southwest coast
of France (Fig. 1). Intertidal mudflats occupy 110 km?
of the bay and these are mostly covered by seagrass
(Zostera noltii) beds. The Manila clam Ruditapes
philippinarum is generally located in the mid intertidal
zone but can also be found in areas from 2.75 m above
chart datum to shallow channels (Blanchet et al. 2005,
Cottet et al. 2007). In terms of biomass, it is the domi-
nant species in these mudflats. Arcachon Bay receives
seawater inputs from the Atlantic Ocean and freshwa-
ter inputs mostly from the Leyre River but also from
several small streams located around the bay. The mix-
ing of these fresh and oceanic waters as well as the
slow renewal by tides induce temperature and salinity
gradients within the bay (Plus et al. 2006). Water salin-
ity and sediment temperature in Manila clam habitats

Fig. 1. Arcachon Bay showing the 4 sampling stations selected

for the temporal survey (Ile aux Oiseaux, Andernos, Lanton

and Gujan) and the station where the cross-transplantation
experiment was done (Arguin)

vary from 4 to 35 and from -2 to 44°C, respectively
(Dang et al. 2008). Five sites scattered within the bay
were investigated in the present study: Andernos, Ile
aux Oiseaux, Gujan, Lanton, and the oceanic site of
Arguin (Fig. 1).

The environmental characteristics of each site —sed-
iment granulometry, sediment temperature, tidal level
and immersion time —were determined in a previous
study (Dang et al. 2010) and are reported in Table 1.
Water salinity for each site was provided by Auby et
al. (1999). These environmental factors allowed the
grouping of the sites into 3: the oceanic site of Arguin,
which is characterized by higher sediment grain size
and the relative stability of environmental variables
such as sediment temperature and water salinity
(Table 1); the inner sites Andernos and lle aux
Oiseaux, which display a lower sediment grain size,
higher percentage of silt because of their muddy inter-
tidal flat location, and higher salinities; and the inner
sites Gujan and Lanton, which share the same charac-
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Table 1. Environmental variables characterizing the sampling sites: sediment grain size (median, pm), organic matter of sediment
dry weight (%), sediment silt (%), sediment temperature (°C), water salinity, tidal level (m) and immersion time (%)

Site Sediment Sediment Sediment Sedimenttemperature Water salinity Tidal Immersion

grain size organic silt Min. Max. Mean Min. Max. Mean level time
matter

Andernos 163 3.3 14.5 -1.0 354 1538 18.5 34.5 30.0 2.11 60.42

Lanton 78 10.1 41.0 -1.7 37.8 16.0 4.8 344 26.7 1.89 70.83

Ile aux Oiseaux 97 13.0 42.4 02 379 16.1 12.1 34.8 29.6 2.63 45.14

Gujan 69 5.6 47.2 -0.2 437 16.1 4.8 344 26.7 1.46 75.00

Arguin 360 1.0 3.5 -0.2 30.0 151 312 354 342 2.07 64.58

teristics as Andernos and Ile aux Oiseaux except for
their lower salinities (Table 1). [le aux Oiseaux has the
highest tidal level (2.63 m) and Gujan has the lowest
(1.46 m) (Table 1).

Spatial distribution. Manila clams were sampled at
34 geographically referenced stations within Arcachon
Bay between mid-May and mid-June 2006 (see Fig. 2).
Stations were randomly allocated within the ~70 km?
distribution area of the species, as described by stock
assessment studies (Caill-Milly et al. 2006). The clam
density for each sampled station was given by Caill-
Milly et al. (2006). Tidal elevation (m) of each station
was provided by both SHOM (Service Hydro-
graphique de la Marine, Brest) and DDE (Direction
Départementale de I'Equipement de la Gironde, Bor-
deaux). Distances between each station and the ocean
were calculated using the Arcview 3.2 GIS software.
Temperature was provided by Auby et al. (1999). The
number of days per year when salinity was <30 was
estimated for each station by M. Plus (unpubl. data).

Ten adult Manila clams (30 to 40 mm) were ran-
domly collected by hand at each of the 34 stations and
Perkinsus sp. was subsequently detected using the fol-
lowing protocol. Clams were opened, and gills were
excised and processed as described by the quantitative
method of Ray (1952) as modified by Choi et al. (1989).
Gills were incubated in 10 ml of fluid thioglycolate
medium (FTM) supplemented with 100 pl of antibiotics
(streptomycin and penicillin G) and 500 pl of antifun-
gal (Nystatin). Gills were incubated for at least 5 d in
the dark at room temperature. After incubation, the
FTM was discarded following centrifugation and
remaining gill tissues were digested twice with 2N
NaOH at 60°C for 1 h. The resulting solution was cen-
trifuged and the supernatant discarded. Finally, the
pellet was washed twice with a sterile solution of phos-
phate-buffered saline (PBS 1x) and resuspended in 1
ml of the same solution. The number of Perkinsus sp.
hypnospores was estimated using a Malassez chamber
under light microscopy. The prevalence of perkinsosis
was defined as the percentage of individuals having
gills that were infected by Perkinsus sp. The mean

abundance was defined as the number of protozoan
cells per gram of wet analyzed gills (cells g~! wet gill);
in this case, all analyzed clams were considered. The
mean intensity of the disease was defined as the num-
ber of parasite cells per gram of wet infected gill (cells
g ! wet gill); only the infected clams were considered
in the calculation of intensity.

Clam shell length and infection abundance. To
assess size-specific infection abundance, clams of 7 to
42 mm shell length were randomly collected by hand,
but only at a single station (Lanton). A minimum of 4
ind. for each 2 mm shell length class was considered
for perkinsosis analysis.

Temporal survey on 4 sites. To follow infection
prevalence and intensity in adult clams in relation to
time and space, 4 populations were surveyed during
1 yr (February 2006 to February 2007). However, these
surveys were extended to a larger time scale where
sampling was performed for other purposes. Every
month, 30 adult clams (30 to 40 mm) were randomly
collected by hand at each of the 4 sites: [le aux Oiseaux
(from December 2005 to February 2007), Andernos
(from November 2005 to September 2007), Gujan
(from February 2006 to February 2007) and Lanton
(from January 2006 to November 2007).

Disinfection kinetics. In Arcachon Bay, clams from
Arguin were almost free of perkinsosis, whereas clams
located inside the bay were highly infected with
Perkinsus sp. At Arguin, the mean Perkinsus sp. abun-
dance (+SE) was 2.1 x 10?2 + 2.3 x 102 cells g~! wet gill,
whereas it was 1.2 x 10° £ 1.9 x 10° cells g~' wet gill at
Lanton. Moreover, the mean prevalence was 7% at
Arguin against 88 % at Lanton.

To assess perkinsosis disinfection kinetics, infected
clams from Lanton were transplanted into enclosures
at a site of much lower Perkinsus sp. abundance
(Arguin) in November 2006. Four hundred specimens
(average shell length + SD = 31.5 + 1.1 mm) were
placed in 4 topless 0.25 m? enclosures. Every month,
5 clams per enclosure were randomly sampled (total =
20 clams) for perkinsosis diagnosis, and compared with
20 clams from the native site (Lanton). At the studied
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shell length, clams did not significantly grow (Dang et
al. 2010), discounting any dilution effect of the number
of Perkinsus cells per gram of gill.

Infection kinetics. To assess infection kinetics, recip-
rocal transplantation of 400 adult clams (average shell
length + SD = 35.3 + 3.2 mm) from Arguin (low Perkin-
sus sp. abundance) to Lanton (high Perkinsus sp.) was
conducted between November 2006 and May 2007
following the same protocol as previously described for
Arguin in the previous section. Clams native to Arguin
were also monitored as a control for this experiment.

Due to the low incidence of infection at Lanton dur-
ing our experiment, other stations within inner Arca-
chon Bay were also investigated. Indeed, clams of dif-
ferent origins were transplanted at different locations
inside the bay for a growth experiment (Dang et al.
2010). In April 2006, clams from Arguin (20 to 44 mm)
were introduced to Ile aux Oiseaux (number of ana-
lyzed clams for perkinsosis diagnosis, n = 6), in June
2006 to Andernos (n = 10), in April 2007 to Lanton (n =
19) and in May 2007 to Gujan (n = 9). These clams
(lightly infected) were maintained very close (centime-
ters away) to clams from the inner bay stations (highly
infected) for 2 yr. Transplanted clams were held inside
an enclosure at a density of 320 ind. m™2. They were
collected by hand in October 2007 and their Perkinsus
sp. infection quantified to investigate whether infec-
tion at Lanton was representative of infection in other
parts of the bay (and whether clams from Arguin were
resistant to perkinsosis).

Statistical analyses. In the spatial analysis, regres-
sions were performed between Perkinsus sp. mean
infection abundance and the following 5 variables:
tidal level, distance from the ocean, maximum temper-
ature, period of salinity <30, and clam density.

To determine correlation between clam shell length
and perkinsosis mean abundance, a regression was
performed.

In temporal surveys, differences in prevalence be-
tween sites were tested using ANOVA after arcsinVP
data transformation (P = prevalence/100) (Zar 1984).
Differences in infection intensities between sites over
time were tested using a 2-way ANOVA (factors: site,
time) after logarithmic data transformation. Maximum
type I error rates were set at oo = 0.05. Prior to ANOVA,
homogeneity of variance was confirmed using
Cochran's test.

For the disinfection and infection experiments, re-
gressions were performed between time and Perkinsus
sp. mean log abundance. To evaluate whether disin-
fection during the course of the experiment was signif-
icant and to determine the influence of site, a 2-way
ANOVA was performed (factors: site, time). Statistical
analysis was performed using Statistica 7.1 software.
All reported means are accompanied by SEs.

RESULTS
Spatial distribution

The prevalence of Perkinsus sp. in clams was rela-
tively high (between 60 and 100 %). Mean perkinsosis
prevalence within the bay was 93 %. The disease was
present in all parts of the bay except at Arguin, where
the protozoan was rare. The mean prevalence at Ar-
guin was 5 % and the mean abundance of infection was
very low (213 cells g™!). In contrast, mean abundances
of infection in the inner bay stations were high and
ranged between 1.1 x 10® and 230 x 102 cells g~! wet gill
(average +SE: 96 x 10% + 9.9 x 10° cells g~} wet gill;
Fig. 2). Perkinsus sp. distribution within the bay
seemed heterogeneous. However, with the exception of
Arguin, the lowest values of mean infection abundance
were found at the Leyre River mouth. Analysis of data
from the 34 stations within the bay showed significant
negative correlations only between mean Perkinsus sp.
abundance and distance to the ocean (r =-0.39, n = 34,
p = 0.022) and between mean Perkinsus sp. abundance
and number of days when salinities were <30 (r =-0.37,
n = 34, p = 0.033). No significant relation was observed
between Perkinsus sp. infection and clam density for
densities ranging from 10 to 160 ind. m™2.

Clam shell length and infection abundance

The minimum shell length range of infected clams at
Lanton was 9 to 10 mm (Fig. 3). Perkinsus sp. infection
abundance significantly increased with shell length
(regression, r = 0.23, n = 97, p = 0.024) (Fig. 3).

[ subtidal
[ Intertidal

Fig. 2. Perkinsus sp. Mean abundance (cells g~! wet gill) at
34 stations in Arcachon Bay that were sampled in May-June
2006



Abundance

Dang et al.: Perkinsosis in Ruditapes philippinarum

155

400000+
350000
300000
250000
200000
150000
100000
50000
ol b HaneWAHN
DO A A D L D D Y P P P
/\/ Q/ \\/ ,\Q)/ )\(0/ '(\/ ,\Q)/q, q:\/q/ ({})/q/ qu/ql (i\/q/ (‘[9/ {b\/ (brb/ (go/ (g\/
Clam shell length (mm)
Fig. 3. Perkinsus sp. Size-specific mean abundance (+SE; cells
g ! wet gill) (2 mm clam shell length categories) at Lanton (n = 4)
1001
g 901
S 807
c
o
g 701
Q
D— 60_
Andernos —A—Gujan —a— Lanton ---2¢---lle aux Oiseaux
fn)
‘©
c
[0}
=
£
o)
o
-
4.37 Andernos —A&—Gujan —a— Lanton ------lle aux Oiseaux
4.1 T T T T —

6O ® © OGO AA DDA

QY QO O Q Q7 O O Q Q Q Q Ot QO

SEE @ PR F @@ PR
Date
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wet gill) of perkinsosis in the 4 inner sites of Ile aux Oiseaux,

Andernos, Lanton and Gujan from November 2005-
November 2007

Temporal survey of 4 sites

Prevalence at the 4 inner sites was high (between 70
and 100 %; Fig. 4a). Average yearly prevalences were
not different between sites (1-way ANOVA, p = 0.56).

Mean intensities of infection were high (between 4
and 5 on a logarithmic scale). No significant difference
was found between sites (F = 2.2, df = 3, p = 0.08)
(Fig. 4b) and with time (F = 0.74, df = 6, p = 0.61), and
interaction was also insignificant (F= 1.2, df =18, p =
0.26). The average intensity (over time and across
sites) was 130 x 10% + 6.7 x 10® cells g~! wet gill.

Disinfection dynamics

To obtain information on the disinfection dynamics,
clams originating from Lanton were held at Arguin
for 1.5 yr. Mean infection abundance on a log scale
showed a significant decrease (regression: r = —0.56,
df = 15, p = 0.024) (Fig. 5), from 120 x 103 + 32 x
10° cells g~! wet gill at the start to 33 x 10° = 10 x
103 cells g~! wet gill at completion. Nevertheless, mean
infection abundance remained high. A significant de-
crease in mean infection abundance was also ob-
served in the survey of control clams at Lanton (regres-
sion: r = -0.79, df = 7, p = 0.019) (Fig. 5). Disinfection
did not depend on site (2-way ANOVA: F=0.04,df =1,
p = 0.84) but was dependent on time (2-way ANOVA:
F=268,df =7 p=0.01). These 2 factors did not inter-
act (2-way ANOVA: F=0.66, df =7, p =0.7).

Infection dynamics

To understand the Perkinsus sp. infection dynamics,
a reciprocal transplantation experiment from Arguin to
Lanton was conducted. The infection variability with
time (Fig. 6) is due to the logarithmic representation.
Moreover, SEs are very important in this figure. The
infection abundance was considered stable during the
experiment, with 0.76 x 10° = 0.76 x 10° cells g~! wet
gill at the start and 1.3 x 10% + 0.4 x 103 cells g~! wet gill
at completion (regression: r = 0.29, df = 16, p = 0.262)
(Fig. 6).

In contrast, clams transplanted from Arguin to
Andernos in June 2006 (t-test: p < 0.001), to Gujan in
May 2007 (t-test: p < 0.05) and to Ile aux Oiseaux in
April 2006 (t-test: p < 0.001) developed a significantly
increased Perkinsus sp. burden. Initial mean Perkinsus
sp. abundance was similar (0.76 x 10 + 0.76 x 10° cells
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Fig. 5. Mean log infection abundance (+SE; cells g~! wet gill)

of perkinsosis in clams that were transplanted from Lanton

to Arguin and in control clams at lanton and Arguin,

respectively. (—) Regression of mean infection abundance of
transplanted clams over time
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of perkinsosis in clams that were transplanted from Arguin
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g~! wet gill) at all 3 additional sites (Andernos, Ile aux
Oiseaux and Gujan). The highest increase was at An-
dernos, where the mean abundance burden reached
160 x 10° + 43 x 10° cells g~ wet gill at experiment
completion. At [le aux Oiseaux, mean Perkinsus sp.
abundance reached 35 x 10% = 17 x 10% cells g°! wet
gill, whereas it reached 2 x 10 + 1 x 10° cells g~! wet
gill at experiment completion in Gujan.

DISCUSSION

No seasonality of perkinsosis was apparent in Arca-
chon Bay during this 2 yr survey. The stability of Per-
kinsus sp. infection could be explained by 2 hypo-
theses: (1) infection and disinfection did not occur or
were negligible during the experimental period; or (2)
the stability of infection resulted from the same quan-
tity of parasites being acquired by and purged from
the host.

The trend of decrease after peaks of infection inten-
sity generally coincides with the death of the most
heavily infected clams or with the regression of infec-
tion (Villalba et al. 2005). Considering that disinfection
is a very slow process, decrease in infection intensities
thus corresponded either with mortality or with the
appearance of a low-infected cohort. Based on the low
growth rate in Arcachon Bay (Dang et al. 2010), the
latter hypothesis is doubtful. No changes in the physi-
cal environment (e.g. a low salinity event) could be
related to the decrease of infection at Gujan from
August 2006 to October 2006.

Salinity is an important abiotic factor structuring the
abundance and prevalence of Perkinsus sp. The
decrease in salinity induced by episodic events such as
heavy rains could affect the local development of the
disease (Leite et al. 2004). When P. marinus-infected
oysters are transferred to a low salinity site, disease

® P & &
\°\°\°>\\Q

progression and mortality are delayed, suggesting a
physiological effect of salinity on the parasite (Ray &
Mackin 1954, Andrews & Hewatt 1957). For P. olseni,
the optimal salinity range is 25 to 35 (Auzoux-Borde-
nave et al. 1995). High infection intensity and preva-
lence of P. olseni generally correspond to high salini-
ties (Ray & Mackin 1954, Andrews & Hewatt 1957,
Burreson & Ragone Calvo 1996, Cigarria et al. 1997,
Park & Choi 2001). In the present study, salinity could
partly explain Perkinsus sp. distribution throughout
the bay, with a negative correlation being obtained
between the number of days when salinities were <30
and mean perkinsosis abundance. Moreover, the low-
est mean abundances were found at the Leyre River
mouth. However, Park & Choi (2001) showed that
perkinsosis was absent from sites where salinity re-
mained constant all year long. This could partly ex-
plain why perkinsosis was almost absent at Arguin
(with stable high salinity year-round). Moreover, the
probability of a clam meeting an infective particle is
certainly lower in Arguin than in the inner sites,
Arguin being the most oceanic area of the bay and
characterized by high circulation dynamics that favor
the washing of infective particles. Furthermore, Choi
et al. (2002) reported that Perkinsus infection levels
relate significantly to sediment type: clams living on
muddy flats tend to have higher levels of infection than
those on sandy tidal flats.

In contrast to the present study, a seasonal cycle of
infection intensity of Perkinsus sp. was observed dur-
ing a 5 yr survey of Ruditapes decussatus in Galicia,
Spain (Villalba et al. 2005). Highest values of Perkinsus
sp. infection were found from spring to early autumn,
which was associated with increasing temperatures
(>15°C). Infection regression occurred in winter due
to lower temperatures (annual minimum: 9 to 10°C)
(Villalba et al. 2005). Similarly, La Peyre et al. (2002)
showed that P. olseni exhibited highest metabolic
activity at 15°C. The increasing north—south latitudinal
gradient of Perkinsus sp. abundance reported by Las-
salle et al. (2007) confirmed that this protozoan prefers
higher temperatures. Chu et al. (1996) and Park & Choi
(2001) reported that high water temperatures enhance
infection intensity and prevalence of P. marinus. How-
ever, no relation between spatio-temporal patterns
of perkinsosis infection and temperature could be
deduced from the present study.

The mean infection abundance at the end of the dis-
infection experiment was 3.6x lower than that at the
beginning (14 mo after). However, even if environ-
mental conditions at Arguin were not favorable for
Perkinsus sp. development, disinfection here was sim-
ilar to that in the inner bay, where conditions were
favorable for Perkinsus sp. development. In our stud-
ied sites, disinfection appeared to be a slow pheno-
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menon. A similar result (2.6 x 10° Perkinsus cells g*
wet gill) was found in infected Manila clams from the
Gulf of Morbihan (France) that were transplanted to
Landéda (France)—a site that was free of Perkinsus
sp. (Lassalle et al. 2007), and in which 100 % of initial
infection was measured 2 yr later at the same season
(unpubl. results).

Moreover, it seems that low salinity events have little
impact on Perkinsus sp. disinfection rate within the
bay. Indeed, the Leyre River discharge was strongly
higher in March 2006, March 2007 and June 2007 rel-
ative to the same months of the past 20 yr (Météo
France data). Precipitation was substantially higher in
March 2006, February 2007, March 2007 and May
2007 relative to that in the past 20 yr (Météo France
data). These outputs of freshwater did not induce a
decrease of Perkinsus sp. infection at studied sites,
showing that the Perkinsus sp. at Arcachon is little
affected by low-salinity events.

In the reciprocal transplantation experiment, mean
Perkinsus sp. abundance evolution depended on the
destination site. No infection of the transplanted clams
occurred at Lanton between November 2006 and May
2008, although it is reputed to be a highly infected site.
However, infection occurred at Andernos between
June 2006 and October 2007, at Ile aux Oiseaux
between April 2006 and October 2007, and to a lesser
extent at Gujan between May and October 2007. The
greatest infection acquisition occurred at Andernos.
These 4 inner sites are separated by a few kilometers.
In the case of Lanton, no infection was observed for 2
yr, suggesting that the Perkinsus sp. load in clams was
acquired at least 2 yr before and hardly decreased.
This dynamics (episodic high infection and high infec-
tion stability) explains why no seasonal pattern was
observed. Consequently, the hypothesis that the
Perkinsus sp. load remained stable because of an equi-
librium between infection and disinfection is not sup-
ported.

In conclusion, the infection phenomenon at Lanton
appeared to be an episodic event in space and time.
The high infection load that was observed in Lanton
was the result of a few multiple infection events. This
could suggest that large clams that have endured sev-
eral infection events during their life spans were more
infected than small clams. The present study showed
that clams of 9 to 10 mm shell length at Lanton were
infected by Perkinsus sp. and that infection signifi-
cantly increased with clam shell length. A similar asso-
ciation between infection intensity and clam size was
observed in Ruditapes decussatus from Galicia (Vil-
lalba et al. 2005) and in R. philippinarum from Korea
(Park et al. 1999, Park & Choi 2001). Infection was
never found in carpet-shell clams that were <20 mm in
shell length in Spain (Villalba et al. 2005), and the

threshold in Manila clams from Korea was 15 mm shell
length (Choi & Park 1997).

In the transplantation experiment, clams from
Arguin were placed in enclosures that were close to
clams coming from the inner bay, i.e. infected by
perkinsosis (Andernos, Lanton, Gujan and Ile aux
Oiseaux). As no infection occurred at Lanton, contami-
nation between proximate live individuals did not hap-
pen. This indicated that the Perkinsus sp. present at
Arcachon did not have a significant direct transmission
from live host to live host. Transmission of Perkinsus
sp. between clams apparently differs from that of P.
marinus in oysters, the latter occurring with host
spawning, excretory activities, alternate host or vector
activities, heterotrophic parasite proliferation, or peri-
odic resuspension of parasite cells present in the sedi-
ment (Bushek et al. 2002, Ragone Calvo et al. 2003).
The principal mode of P. marinus transmission, how-
ever, is via the direct dissemination of parasite cells
from dead oysters (Bushek et al. 2002, Ragone Calvo et
al. 2003). Significant clam mortality might also be
required for substantial transmission of Perkinsus sp.
at Arcachon. Another study during the same period at
Lanton showed that clam mortality, Z, was not particu-
larly high (Z = 0.52 yr'!) (Dang et al. 2010).
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