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ABSTRACT: Progeny of Crassostrea virginica oysters, introduced into France in 1992, were reared at 3 
different locations. A survey was taken of these young C. virginica oysters during 1993. Histological 
and electron microscopical examination revealed a parasite interpreted as a Marteilia-like protozoan in 
1 oyster. The structure and the initial stages of the developmental cycle of this parasite are described 
for the first time in American oysters. However, no mature spores were detected. Thus, exact identifi- 
cation of the protozoan is difficult. This study indicates that American oysters could be infected with 
Marteilia spp. during cohabitation with Marteilia-infected native bivalves in France. 
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for the first time, the presence of a Marteilia-like para- 

The Pacific oyster Crassostrea gigas was introduced site in the American oyster C. virginica, in France. 
into France in the late 1960s at the same time as the 
disappearance of the Portuguese oyster C. angulata, 
which was destroyed by iridoviral infections (Comps & 
Duthoit 1976, Comps et al. 1976). Considering the eco- 
nomic importance of the Pacific oyster to the French Specimens and sampling procedures. After histo- 
shellfish industry, the possible appearance of major logical examination of 80 fixed Crassostrea virginica 
diseases among this species could be catastrophic. This adult oysters to confirm the absence of lesions and 
led to investigations into the replacement of C. gigas recognized pathogens, 50 live oysters with the same 
with another non-indigenous species, C. virginica. origin were brought from England (Dr S. Utting, Fish- 

After a histological examination of 80 specimens to eries Laboratory Conway) to the IFREMER laboratory 
confirm the absence of recognized pathogens, Crass- in La Tremblade (Charente Maritime, France) in 1992. 
ostrea virginica adult oysters were imported from Animals were maintained under quarantine and, 6 wk 
England to the IFREMER Laboratory in La Tremblade after their importation, spawning was induced. Larvae 
(Charente-Maritime, France) in 1992. Progeny of these were reared at  IFREMER's hatchery and then, after 
oysters were deployed in the wild in April 1993 to test histological examination, young spat were transferred 
their growth performance. In July 1993, a histological to the Bouin nursery (Vendee, France) for growth until 
survey was performed among these 1 yr old oysters. April 1993. The parents were destroyed after spawn- 
Histological examination revealed a protozoan parasite ing. 
in the epithelia of the digestive gland in 1 oyster. Ultra- In March 1993, 30 juveniles from the Bouin nursery 
structural analysis and observation of the first steps of were examined by light and electron microscopy. After 
the developmental cycle suggest that the protozoan this control, spat were placed in the wild in April 1993, 
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ente Maritime, France) (Fig. l ) ,  to test their growth 
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INTRODUCTION

The Pacific oyster Crassostrea gigas was introduced
into France in the late 1960s at the same time as the
disappearance of the Portuguese oyster C. anguJata,
which was destroyed by iridoviral infections (Comps &

Duthoit 1976, Comps et al. 1976). Considering the eco
nomic importance of the Pacific oyster to the French
shellfish industry, the possible appearance of major
diseases among this species could be catastrophic. This
led to investigations into the replacement of C. gigas
with another non-indigenous species, C. virginica.

After a histological examination of 80 specimens to
confirm the absence of recognized pathogens, Crass
ostrea virginica adult oysters were imported from
England to the IFREMER Laboratory in La Tremblade
(Charente-Maritime, France) in 1992. Progeny of these
oysters were deployed in the wild in April 1993 to test
their growth performance. In July 1993, a histological
survey was performed among these 1 yr old oysters.
Histological examination revealed a protozoan parasite
in the epithelia of the digestive gland in 1 oyster. Ultra
structural analysis and observation of the first steps of
the developmental cycle suggest that the protozoan
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might belong to the genus Marteilia. We report herein,
for the first time, the presence of a Marteilia-like para
site in the American oyster C. virginica, in France.

MATERIALS AND METHODS

Specimens and sampling procedures. After histo
logical examination of 80 fixed Crassostrea virginica
adult oysters to confirm the absence of lesions and
recognized pathogens, 50 live oysters with the same
origin were brought from England (Dr S. Utting, Fish
eries Laboratory Conway) to the IFREMER laboratory
in La Tremblade (Charente Maritime, France) in 1992.
AnimaIs were maintained under quarantine and, 6 wk
after their importation, spawning was induced. Larvae
were reared at IFREMER's hatchery and then, after
histological examination, young spat were transferred
to the Bouin nursery (Vendée, France) for growth until
April 1993. The parents were destroyed after spawn
ing.

In March 1993, 30 juveniles from the Bouin nursery
were examined by light and electron microscopy. After
this control, spat were placed in the wild in April 1993,
in 2 different locations, Bourcefranc and Arvert (Char
ente Maritime, France) (Fig. 1), to test their growth
performances or were held in the IFREMER laboratory
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Bourcefranc, 
La Trernblade 

and Arvert h 
Fig. 2. Marteilia-like parasite infecting Crassostrea virgjnica 
oyster. Light microscopy. Toluidine blue stain. Multinucleate 

Fig. 1 Locat~ons of Crassostrea vlrglnica samples collected stages of the parasite [arrobvheads) ln the e~i thel lum of diges- 
for light and electron microscopical analysis tive tubules of the host. L: lumen of digestive tubule. X 800 

in La Tremblade. In July 1993, 30 oysters from each 
site (Bourcefranc, Arvert and La Tremblade) were 
examined by light and electron microscopy. 

Light microscopical examination. After oysters were 
removed from the shell, they were sagittaly sectioned, 
then one half was placed in Davidson's fluid, the other 
half in Carson's fixative. Samples fixed in Davidson's 
fluid were dehydrated through an  ascending ethanol 
series, cleared in xylene and embedded in wax, sec- 
tioned at 3 to 4 pm thickness, stained with Hemo- 
toxylin and Eosin, and carefully checked for lesions 
and pathogens. 

Electron microscopical examination. Pieces of gill 
and digestive g1.and were taken from tissues stored in 
Carson's fixative, rinsed for 48 h in 0.2 M cacodylate 
buffer, fixed in 2.5% glutaraldehyde in 0.2 M cacody- 
late buffer at a pH of 7.2, and post-fixed in l % osmium 
tetroxide In the same buffer. Specimens were cleared 
in propylene oxide and embedded in Epon resin. Sec- 
tions for light microscopy of 1 pm were stained in 2.5 '% 
toluidine blue in 1 % aqueous sodium borate solution. 
Ultrathin sections were collected on copper grids and 
double stalned with uranyl acetate and lead citrate and 
observed in a JEOL JEM 1200 EX transmission elec- 
tron microscope at 60 kV 

RESULTS 

A parasite infection was found in the epithelia of 
the digestive gland of 1 American oyster from Avert 
(Fig. 2). The parasite consisted of uninucleate or multi- 
nucleate, spherical to elongated cells, and had a maxi- 
mum dimension of up to 12 pm (Figs. 3 & 4). 

Ultrastructurally, the primary cells were delimited by 
a plasmalemma without a cell wall or fibrillar layer. 
The cytoplasm contained large multivesicular bodies 
and ribosomes. Free vermiform or oblate haplosporo- 
somes up to 50 nm in diameter and up to 265 nm long 
were also found in the cytoplasm (Fig. 5). Fusiform 
striated inclusions were observed in the same cell 
compartment (Fig. 6). These structures consisted of 
membranes of endoplasmic reticulum cisternae alter- 
nating with electron-dense zones in periodic arrays 
(30.6 nm periodicity). A small number of vesicular 
mitochondria containing a few cristae were also seen 
(Figs. 3 & 4). Some primary cells contained 1 or 2 small 
spherical cells (secondary cells), 2.8 to 4.7 pm in dia- 
meter (Fig. 7) .  Initially, the secondary cells (presporan- 
gia or sporangial primordia at that moment) were 
delimited by 2 parallel membranes. The cytoplasm 
lacked multivesicular bodies, haplosporosomes and 

Figs. 3 to 8. Marteilia-like parasite infecting Crassostrea virginica. Electron microscopy. Fig. Early stage of Marteilia-like par- 
asite. C, :  primary cell; N: nucleus of the primary cell; H: haplosporosomes; S: striated bodies; HC: host cell. Scale bar = 1 pm. 
Fig. 4. Early stage of Marteilia-like parasite. C, primary cell; N,: nucleus of the primary cell; C?: secondary cell, N2 nucleus of 
the secondary cell; HC. host cell. Scale bar = 1 pm. Flg. Vermiform to oblate haplosporosomes (arrowheads) of a primary cell 
Scale bar = 200 nm. Fig. Fusiform striated bodies (arrowheads) in the cytoplasm of a primary cell. Scale bar = 500 nm. Fig. A 
presporangium or sporangial pnmordia (C2) observed ins~de a primary cell (C,). Scale bar = 1 pm. Fig. A spore pnmordium (S) 
within a sporont (C2)- Polymorphic inclusion bodies (arrowheads) can be detected In the cytoplasm of the sporont and the spore 

primordium. C,  primary cell; HC: host cell. Scale bar = 500 nm 
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Fig. 1 Locations of Crassostrea virginica samples collected
for light and electron microscopical analysis

in La Tremblade. In July 1993, 30 oysters from each
site (Bourcefranc, Arvert and La Tremblade) were
examined by light and electron microscopy.

Light microscopical examination. After oysters were
removed from the shell, they were sagittaly sectioned,
then one haJf was placed in Davidson's fluid, the other
half in Carson's fixative. Samples fixed in Davidson's
fluid were dehydrated through an ascending ethanol
series, cleared in xylene and embedded in wax, sec
tioned at 3 to 4 jlm thickness, stained with Hemo
toxylin and Eosin, and carefully checked for lesions
and pathogens.

Electron microscopical examination. Pieces of gill
and digestive gland were taken from tissues stored in
Carson's fixative, rinsed for 48 h in 0.2 M cacodylate
buffer, fixed in 2.5 % glutaraldehyde in 02 M cacody
late buffer at a pH of 7.2, and post-fixed in 1 % osmium
tetroxide in the same buffer. Specimens were cleared
in propylene oxide and embedded in Epon resin. Sec
tions for light microscopy of 1 jlm were stained in 2.5 %
toluidine blue in 1 % aqueous sodium borate solution.
Ultrathin sections were collected on copper grids and
double stained with manyl acetate and lead citrate and
observed in a JEOL lEM 1200 EX transmission elec
tron microscope at 60 kV

Fig. 2 lvlarteilia-like parasite infecting Crassastrea virginica
oyster. Light microscopy. Tolu.idine blue stain. Multinucleate
stages of the parasite (arrowheads) in the epithelium of diges-

tive tubules of the hast. L lumen of digestive tubule. x 800

RESULTS

A parasite infection was found in the epithelia of
the digestive gland of 1 American oyster from Avert
(Fig. 2). The parasite consisted of uninucleate or multi
nucleate, spherical to elongated cells, and had a maxi
mum dimension of up to 12 jlm (Figs. 3 & 4).

Ultrastructurally, the primary cells were delimited by
a plasmalemma without a cell wall or fibrillar layer.
The cytoplasm contained large multivesicular bodies
and ribosomes. Free vermiform or oblate haplosporo
somes up to 50 nm in diameter and up to 265 nm long
were also found in the cytoplasm (Fig. 5). Fusiform
striated inclusions were observed in the same cell
compartment (Fig. 6). These structures consisted of
membranes of endoplasmic reticulum cisternae alter
nating with electron-dense zones in periodic arrays
(30.6 nm periodicity). A small number of vesicular
mitochondria containing a few cristae were also seen
(Figs. 3 & 4) Sorne primary cells contained 1 or 2 small
spherical cells (secondary cells), 2.8 to 4.7 jlm in dia
me ter (Fig. 7). Initially, the secondary cells (presporan
gia or sporangia.l primordia at that moment) were
delimited by 2 parallel membranes The cytoplasm
lacked multiveslcular bodies, hapIosporosomes and

Figs. 3 ta 8. f\1arteilia-jike parasite infecting Crassastrea virginica. Electron microscopy. f'ig. 3. Early stage of Marleilia-like par
asite. CI' primary cell; N: nucleus of the primary ceIl; H: haplosporosomes; S striated bodies; HC: hast cell Scale bar = 1 ].lm.
Fig. 4 Early stage of Marleilia-like parasite. CI primary ceIl; NI: nucleus of the primary (eIl; C2: secondary cel!; N 2 nuel us of
the secondary cel!; HC: hast cel.!. Scale bar = 1 ].lm Fi . 5. Vermiform to oblate haplosporosomes (arrowheads) of a primary ceIl.
Scale bar =200 nm. Fig. 6. Fusiform striated bodies (arrow'headsl in th(~ cytoplasm of a primary cell Scale bar =500 nm. Fig. 7. A
presporangium or sporangial pnmordia (C 21observed inslde a primary cell (Cd. Scale bar = 1 ].lm Fig. 8. A spore pnmordium {SI
within a sporont (C2). Polymorphic Illelusion bodies (arrowheads) can be detected III the cytoplasm 01 the sporont and the spore

primordium. CI primary ceIl; HC: host cel!. Scale bar = 500 nm
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striated inclusions. Only mitochondria, numerous ribo- 
somes and endoplasmic cisternae were observed. The 
cytoplasm became progressively vacuolated and con- 
tained electron-dense inclusion bodies, 250 nm in 
diameter. No mature spores were detected in the 
affected oyster, although formation of tertiary cells 
(spore primordia) was sometimes observed (Fig. 8) .  

The host reaction consisted of hemocytic infiltration 
of connective tissue in the digestive gland and 
epithelia of digestive diverticula where parasites were 
located. This reaction at some places in the oyster 
resulted in focal, massive concentrations of hemocytes. 

DISCUSSION 

Our study reports the presence of a protozoan infec- 
tion in epithelia of the digestive gland of 1 American 
oyster reared in Arvert (Charente Maritime, France). 
The structure and the initial stages of the detected 
parasite were characteristic of the early stages ob- 
served in the developmental cycle of parasites belong- 
ing to the genus Marteilia (Grizel et  al. 1974). 

The morphological features of the observed parasite 
and the histological location of the presporulation stages 
are in agreement with those described by Perkins (1976) 
for the species Marteilia refringens, but they also agree 
with those of M. maurini (Comps et al. 1982, Auffret 
& Poder 1985). The only differences found by Comps 
et al. (1982) between these 2 species of Marteilia were 
their respective hosts and some structures of the spores: 
the shape of the haplosporosomes of the outer sporo- 
plasm and the structure of the spore envelope. Without 
mature spores from infected oysters, we could not 
determine the species of Marteilia present. 

Parasites of the genus Marteilia have now been 
reported in several species of marine molluscs in dif- 
ferent parts of the world (Grizel et al. 1974, Comps et 
al. 1975, Perkins & Wolf 1976, Comps 1977, Cahour 
1979, Comps 1983, Auffret & Poder 1985). The present 
study reports for the first time the detection of a 
Marteilia-like protozoan in the American oyster Crass- 
ostrea viriginica held in French waters. 

Moreover, the presence of a Marteilia-like parasite 
in American oysters reared for 3 mo at a French loca- 
tion (Arvert, Charente Maritime) where native bivalve 
molluscs are infected with Marteiha spp. and the 
absence of parasites among oysters reared in the 
IFREMER hatchery and nursery suggest that the 
American oyster infection had occurred after contact 
with infected bivalves present in the wild. Similarly, 
controlled introductions of healthy oysters, Ostrea 
chilensis from Chile and 0. angasi from Australia, into 
locations along the French coasts where 0. edulis was 
naturally infected by M. refringens led to the trans- 

Responsible Subject Editor: A. K. Sparks, Seattle, 
Washington, USA 

mission of the infection to these newly introduced 
species (Grizel et al. 1983, Bougrier et al. 1986). No 
parasite was observed in the oysters cultivated in 
Bourcefranc (Charente Maritime) or in those reared 
at the IFREMER hatchery (La Tremblade, Charente 
Maritime) or at the IFREMER nursery (Bouin, Vendee). 
For oysters held at the IFREMER center, this result was 
expected because the laboratory is free of Marteilia 
spp.; for those reared in Bourcefranc, the site is in the 
open sea where Marteilia spp. infections are more 
rarely observed among native bivalves. 

Our report demonstrates the possible susceptibility 
of the American oyster Crassostrea virginica to a 
Marteilia-like parasite in France. Thus, the American 
oyster is not considered to be a possible substitute for C. 
gigasin France. Moreover, this study underlines the po- 
tential danger of introducing non-indigenous species of 
bivalves for rearing without sufficient control protocols. 
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striated inclusions. Only mitochondria, numerous ribo
somes and endoplasmic cisternae were observed. The
cytoplasm became progressively vacuolated and con
tained electron-dense inclusion bodies, 250 nm in
diameter. No mature spores were detected in the
affected oyster, although formation of tertiary cells
(spore primordial was sometimes observed (Fig. 8).

The host reaction consisted of hemocytic infiltration
of connective tissue in the digestive gland and
epithelia of digestive diverticula where parasites were
located. This reaction at sorne places in the oyster
resulted in focal, massive concentrations of hemocytes.

DISCUSSION

Our study reports the presence of a protozoan infec
tion in epithelia of the digestive gland of 1 American
oyster reared in Arvert (Charente Maritime, France).
The structure and the initial stages of the detected
parasite were characteristic of the early stages ob
served in the developmental cycle of parasites belong
ing to the genus Marteilia (Grizel et al. 1974).

The morphological features of the observed parasite
and the histologicallocation of the presporulation stages
are in agreement with those described by Perkins (1976)
for the species Marleilia refringens, but they also agree
with those of M. maunni (Comps et al. 1982, Auffret
& Poder 1985). The only differences found by Comps
et al. (1982) between these 2 species of Marteilia were
their respective hosts and sorne structures of the spores:
the shape of the haplosporosomes of the outer sporo
plasm and the structure of the spore envelope. Without
mature spores from infected oysters, we could not
de termine the species of Marteilia present.

Parasites of the genus Marteilia have now been
reported in several species of marine molluscs in dif
ferent parts of the world (Grizel et al. 1974, Comps et
al. 1975, Perkins & Wolf 1976, Comps 1977, Cahour
1979, Comps 1983, Auffret & Poder 1985). The present
study reports for the first time the detection of a
Marteilia-like protozoan in the American oyster Crass
ostrea viriginica held in French waters.

Moreover, the presence of a Marteilia-like parasite
in American oysters reared for 3 mo at a French loca
tion (Arvert, Charente Î'vlaritime) where native bivalve
molluscs are infected with Marteilia spp. and the
absence of parasites among oysters reared in the
IFREMER hatchery and nursery suggest that the
American oyster infection had occurred aIter contact
with infected bivalves present in the wild. Similarly,
controlled introductions of healthy oysters, Ostrea
chilensis from Chile and 0. angasi from Australia, into
locations along the French coasts where 0. edulis was
naturally infected by M. refringens led to the trans-
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mission of the infection to these newly introduced
species (Grizel et al. 1983, Bougrier et al. 1986). No
parasite was observed in the oysters cultivated in
Bourcefranc (Charente Maritime) or in those reared
at the IFREMER hatchery (La Tremblade, Charente
Maritime) or at the IFREMER nursery (Bouin, Vendée).
For oysters held at the IFREMER center, this result was
expected because the laboratory is free of Martei1ia
spp.; for those reared in Bourcefranc, the site is in the
open sea where Marleilia spp. infections are more
rarely observed among native bivalves.

Our report demonstrates the possible susceptibility
of the American oyster Crassostrea virginica to a
N!arteilia-like parasite in France. Thus, the American
oyster is not considered to be a possible substitute for C.
gigas in France. Moreover, this study underlines the po
tential danger of introducing non-indigenous species of
bivalves for rearing without sufficient control protocols.
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