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INTRODUCTION

Following implementation of European Commission
Directive 91/67/EEC leading to free movement of
stocks of Crassostrea gigas, the intestinal copepod
Mytilicola orientalis (Mori) (Copepoda: Cyclopoida)
was discovered in several locations around the Irish
coastline (De Grave et al. 1995). M. orientalis is native
to Korea and Japan and is present in the guts of many
bivalve species, with original Asian hosts including the
Pacific oyster (Grizel 1985). M. orientalis was intro-
duced to the Pacific coast of the USA with shipments of
Japanese oysters as early as 1938 (Carlton 1979). The
copepod was first reported in Europe by His (1977) and
was suspected to have been introduced from either
Japan or British Columbia. The introduction of M. ori-
entalis to Ireland with the import of Pacific oysters in
1993 led to alarm at the potential damage to the Irish
Pacific oyster industry. Pacific oyster culture in Ireland
is an important industry producing more than 6000
tonnes of oysters annually. As the oyster does not usu-
ally reproduce successfully in these waters, the indus-

try relies on spat supplied from France or from hatch-
eries and grown to market size on a trestle system. This
study examines oysters from Dungarvan, County
Waterford, monthly over a period of 2 yr to examine
effects of the parasite on condition, sex, reproductive
stage, length, weight and biochemical composition of
the oysters and shell damage by Polydora sp.

MATERIALS AND METHODS

Sampling period. Oysters were supplied as parasite
free seed from Guernsey Sea Farms, Guernsey, UK.
Oysters were 2 yr old at the start of the trial. Dates
were recorded as Julian Days with 1 January 1996 as
Day 1. The oysters were grown on trestles. From April
1996 until December 1997, monthly samples of
between 20 and 30 oysters were collected from Dun-
garvan. All samples were taken from the same trestles
to minimise differences caused by shore positioning.

Parasites and pathology. Occurrence of parasites in
oysters was noted, as were any abnormalities. The
digestive tract of oysters was dissected, Mytilicola
orientalis numbers were recorded and specimens were
fixed in 70% alcohol. Polydora sp. infection was
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classed as mild (<25% inner shell coverage) or severe
(>25% shell coverage). Each oyster had an individual
record for all parameters, allowing the determination
of relationships between levels of infection of cope-
pods, condition index and morphometrics on levels of
development.

Histological techniques. Histological methods were
the same as those used earlier (Steele & Mulcahy
1999). The oysters were classified into distinct phases
of gonadal maturity based on the observations made:
undifferentiated (Stage 0), developing (Stages 1 and 2),
ripe (Stage 3), partially spent (Stage 4), totally spent
(Stage 5), post spawning (Stage 6) and resorbing
(Stage 7). The criteria taken for the classification are
modifications of the staging system used by Mann
(1979).

Condition indices. Soft tissues, removed from the
shells, were blotted and weighed to obtain total wet
weight and then were dissected for histology. The
remaining tissues were weighed to obtain partial wet
weight, dried at 60°C for 48 h, then re-weighed (partial
dry weight). The resulting wet:dry ratio was used to
estimate the total dry tissue weight (Fisher et al. 1996)
The condition index was calculated as in Crosby &
Gale (1990):

(1)

The shell cavity capacity of a bivalve is determined
by subtracting dry shell weight (g) in air from the total
whole live weight of the oyster. Crosby & Gale (1990)
find that this method yields indices that assess the pro-
portion of available internal cavity capacity used by a
bivalve’s soft body tissues. This allows comparison
between metabolism directed towards calcification
processes and metabolism directed towards somatic
and gametic processes.

Glycogen content. While frozen, oysters were dis-
sected and adductor muscle and gonad/mantle tissue
were removed. This tissue was held at –40°C before
freeze drying. Expression of glycogen is in mg mg–1 of
dry tissue. Determinations, including glycogen con-
tent, were made in triplicate and coefficients of varia-
tion among the replicates were not allowed to exceed
5%. Results were determined for each oyster.

A modification of the method of Dubois et al. (1956)
for microtitre plate reading was used for glycogen
analysis. Results were calibrated against standard
curves of oyster glycogen content (Sigma Chemical
Co., St. Louis, MO, Type II).

Statistical analysis. A 1-sample t-test was used to
ascertain differences between condition indices, tem-
peratures and chlorophyll a levels in the 2 sites. The
Kendall rank-order correlation coefficients (Zar 1984)
were calculated to ascertain the degree of association

among temperature, shell length, sample date, infec-
tion of parasites, sex, stage of maturity and condition
indices at the 2 sites. Kendall’s coefficient is a non-
parametric measure of association for ordinal or
ranked variables that takes ties into account.

RESULTS

Parameters of host population

At the start of the study, oysters in Dungarvan mea-
sured (mean ± SE) 9.2 ± 0.27 cm and weighed 64.32 ±
3.15 g. By the end of the study, in December 1997, oys-
ters measured 11.60 ± 0.233 cm and weighed 140.06 ±
7.72 g.

Prevalence and abundance of infection

In Dungarvan 14.38% of oysters were infested with
Mytilicola orientalis (N = 848). M. orientalis averaged
0.6 oyster–1 (N = 848). A maximum of 20 M. orientalis
was recorded in an individual. Prevalence of infection
ranged from 0 to 29% (Fig. 1, Table 1). The level of
prevalence increased from the first year to the second
year. The mean abundance was 12.28% during 1996
and 18.44% during 1997. The abundance also 

Condition index
dry soft tissue (g) 1000 

internal shell cavity capacity (g)
=

×
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N Oysters infested Oysters infested Julian
with M. orientalis with Polydora sp. Day

(%) (%)

23 08.7 26.1 111
29 10.3 27.6 161
19 0.00 57.9 197
22 18.2 77.3 229
24 20.8 79.2 257
26 07.7 92.3 275
20 10.0 85.0 286
20 10.0 95.0 316
30 13.3 73.3 350
30 10.0 83.3 389
30 16.7 76.7 405
27 29.6 85.2 432
30 13.3 70.0 464
28 17.9 85.7 492
29 27.6 89.6 520
28 10.7 100.00 550
29 27.6 93.1 578
26 11.5 76.9 627
29 24.0 72.0 654
29 14.0 100.00 683
30 00.0 97.0 714

Table 1. Prevalence of Mytilicola orientalis and Polydora
sp. in Crassostrea gigas from Dungarvan, Southern Ireland.

N: number of specimens
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increased from 0.22 in 1996 to 0.99 in 1997. The
increase in copepod numbers occurred in January
1997 (Julian Day 389) and through the spring, with a
decrease in number per host over the summer and an
increase again in the autumn. This pattern was not as
evident in 1996.

Effect on oysters

A Kendall correlation matrix showed no significant
interaction between Mytilicola orientalis and the con-
dition, sex , stage or size of oyster (Table 2). There was
no significant correlation of levels of infection with
shell length or total wet weight of oyster. M. orientalis
had no significant effect on condition or on glycogen in
either adductor muscle or gonad (Table 3).

Interaction with Polydora sp.

Polydora sp. infested 73.48% of oysters (Table 1).
There was considerable variation in the percentage of
oysters infested, ranging from 26 to 100%. There was a
significant positive correlation between the prevalence
of Mytilicola orientalis and Polydora sp. (Kendall tau-B
= 0.095, p < 0.005).

DISCUSSION

In Dungarvan, oysters became infested with Mytili-
cola orientalis. The oysters were not infested with the
close relative Mytilicola intesinalis (Steuer), which is
endemic around European coasts (Blateau et al. 1992).
There are no records of M. intestinalis in Dungarvan.
M. intestinalis has been found in Crassostrea gigas in
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Fig. 1. Mean abundance of Mytilicola orientalis per Crassostrea gigas in Dungarvan Bay over the period of the study. Bars show
standard deviation

M. orientalis infection

Condition index –0.003
Date –0.050
Shell length –0.022
Polydora sp. infection –*0.095*
Sex –0.042
Stage –0.029
Temperature –0.027
Gonad glycogen –0.056
Adductor glycogen –0.046

Table 2. Kendall correlation matrix for infection by Mytilicola
orientalis in Crassostrea gigas in Dungarvan. The signifi-
cance of the coefficient indicates the direction of the relation-
ship, and its absolute value indicates the strength, with larger
absolute values indicating stronger relationships. Possible
values range from –1 to 1. *Correlation is significant at the 

0.05 level (2-tailed)
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the Exe estuary throughout the year (Aguirre-Macedo
& Kennedy 1999).

Up to 40 Mytilicola have been recorded per oyster
(Korringa 1951) but this study found a maximum of 20
copepods per oyster, with a mean abundance of 0.64.
De Grave et al. (1995) found that the mean abundance
of M. orientalis in Dungarvan in July 1994 was be-
tween 1.07 and 1.48, with a maximum infection of 7
copepods per oyster.

Copepod infected 14.4% of oysters. In other Euro-
pean oyster populations 36% of oysters have been
found to be affected (His 1977).

This study found that infection with Mytilicola orien-
talis did not affect condition indices. Opinions vary on
the impact of Mytilicolidae on condition, from no effect
to causing massive mortalities. De Grave et al. (1995)
also found that the abundance of M. orientalis infection
did not significantly affect condition indices in Dun-
garvan. Neither His (1977) nor Bernard (1969) found a
significant effect on fatness (Deslous-Paoli 1981).
Katkansky et al. (1967) consider that at least 5 M. ori-
entalis are necessary to provoke an effect on the con-
dition. Korringa (1951) found no effect with fewer than
3 copepods, as did Deslous-Paoli (1981).

There was no association between Mytilicola orien-
talis infection and the sex and stage of the oysters in
this study. In contrast, Mann (1956) showed that in
mussels, there is a 10 to 20% loss of gonad. Williams
(1969) found reduced gonad size and possible retarded
spawning due to infection in mussels.

There was a significant positive relationship be-
tween numbers of Mytilicola orientalis and abun-
dance of infection by Polydora. In contrast in mus-
sels, Williams (1969) found that Polydora caused a
decreased rate of parasitism by the copepod My-
tilicola intestinalis in Mytilus edulis, possibly due
to lack of food as more energy is put into shell
repair when shells are infested by Polydora. Fur-
ther work needs to be undertaken in oysters to
look at resource partitioning to explain why there
is a positive relationship. There may be evidence
of co-evolution of species with the host Cras-
sostrea gigas. Co-evolution may also explain the
lack of an effect of M. orientalis on a host species
(Grizel 1985).

Williams (1969), studying the effect of Mytilicola
intestinalis on the chemical composition of
Mytilus edulis, found no significant difference in
chemical concentrations between parasitised and
non-parasitised mussels. However, chemical
changes in parasitised mussels occurred later than
in non-parasitised mussels. He suggests that M.
intestinalis plays a role in the inhibition of neu-
rosecretory material from the cerebral ganglion,
with the resulting later release of gametes in

infected mussels. Deslous-Paoli (1981) found that more
than 3 Mytilicola orientalis in Crassostrea gigas in-
duced a significant decrease in concentrations of car-
bohydrates and glycogen. This may be because the
presence of M. orientalis in quantity in the intestinal
tract of molluscs can interrupt the intestinal transit and
cause an alimentary spoilation (His 1977). This spoila-
tion is thought to induce a decrease of energetic re-
serves, constituted mainly by glycogen (Deslous-Paoli
& Heral 1988). A loss of glycogen was not found in the
present study; however, many studies find that para-
sites have a noticeable impact on the host only in times
of low food availability and other stresses (Hepper
1955, His 1977).

In conclusion, this study found that over 2 yr in a
population of Crassostrea gigas there were no effects
of Mytilicola orientalis on the Pacific oyster.
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