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Temporal patterns in metazoan parasite community diversity of Crassostrea gigas, (Lamellibranchia:
Ostreidae) were studied in the Exe Estuary at monthly intervals over one year and in relation to host
age-classes. A total of four metazoan species was found to parasitize C. gigas in the Exe Estuary: the
turbellarian Paravortex sp., cercaria Lepocreadiidae, metacercariae of Renicola roscovita and the copepod
Mpytilicola intestinalis. Only R. roscovita and M. intestinalis were present in all months throughout the year
and in all host age-classes. Analysis of the metazoan parasite community at individual host level revealed
little variation in community structure with respect to season or host age, as only a slight increase in
diversity values was observed during the summer months. However, community diversity does vary from
year to year, as shown by comparison between host age group samples in three consecutive years. None of
the parasites are specialist to oysters but all appear to be widespread and abundant parasite of other

lamellibranch species.

INTRODUCTION

Invertebrates have generally been studied for their role
as intermediate hosts in the life cycles of a great variety of
helminth parasites, particularly in relation to the trans-
mission of human and economically important animal
diseases (Malek, 1980). Although many surveys and some
studies of both protozoan and helminth population
dynamics have been conducted on a great variety of
invertebrate—parasite systems (the majority involving
gastropod —digenean systems) (Lauchner, 1980, 1983), the
search for patterns of parasite community composition
and structure, and their causation, has been limited
(Sousa, 1990; Kuris, 1990; Femandez & Esch, 1991a,b;
Kuris & Lafferty, 1994). This is despite the fact that it is
now widely recognized that invertebrate hosts must play
an important role in the processes structuring helminth
communities of vertebrates and indeed, helminth commu-
nities in invertebrates can determine the structure of the
helminth communities of vertebrates (Edwards & Bush,
1989; Bush et al., 1993; Sousa, 1994).

Studies on gastropod hosts indicate that their parasite
communities are composed mainly of precercarial stages
of digeneans (i.e. miracidium, sporocyst and redia).
Furthermore, communities may be rich at component
level, whilst they are generally depauperate at infra-
community level (Sousa, 1990; Kuris, 1990; Fernandez &
Esch, 1991b; Williams & Esch, 1991; Snyder & Esch, 1993;
Kuris & Lafferty, 1994). Infracommunities in gastropods
seem to be structured predominantly by antagonistic
interactions among the larval digeneans, with dominating
redial stages feeding on those of subordinate species
(Sousa, 1990; Kuris, 1990; Lafferty et al., 1994). Species
presence is thus in turn determined by spatial and
temporal heterogeneity in recruitment and by competi-
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tion over time according to a hierarchy of dominance of
the species (Fernandez & Esch, 1991a,b; Snyder & Esch,
1993; Lafferty et al., 1994).

Opysters are one of the most important commercial
species of bivalves. They can act as first or second inter-
mediate host for several metazoan parasite species
(Cheng, 1967; Lauckner, 1983; Bower et al., 1994) and
although many individual helminth species have been
nvestigated in terms of their population dynamics and
their effect on the host (Lauckner, 1983; Bower et al.,
1994), neither community structure nor temporal varia-
tion have been studied.

Communities in general tend to change over the time.
Temporal changes in community structure reflect the
presence—absence of species, and the absolute and relative
density levels of the species (Putman, 1994). Such changes
tend to be seasonal and highly dependent on seasonal
environmental changes (Wolda, 1987). Helminth parasites
have complex life cycles (often including more than a
single host) and temporal and seasonal patterns play an
important role in processes of recruitment of each of the
life cycle stages to their respective host (Chappell, 1969;
Esch, 1983). Thus, temporal changes in population den-
sities of species within the community are particularly to
be expected.

Summary parameters of helminth communities (such
as species richness, diversity and dominance) vary in
relation to host age and season in a variety of vertebrate
and invertebrate hosts (Cloutman, 1975; Wallace & Pence,
1986; Fernandez & Esch, 1991b; Snyder & Esch, 1993). It
1s therefore necessary in any community investigation to
determine whether there are seasonal and age related
changes in community structure before undertaking any
other community study. In this paper we present data on
metazoan parasite communities of Crassostrea gigas
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Thunberg, from the Exe Estuary during one year of
monthly sampling and in different oyster age groups
sampled one year apart in order to identify temporal
patterns in species composition, richness and diversity.

MATERIALS AND METHODS
Study area

The Exe Estuary (Figure 1) has been widely studied
(see papers in Boalch, 1980). It has been classified as a
bar-built estuary distinguished by recent sedimentation,
with a bar across the mouth. The estuary consists of a
narrow low-tide channel meandering between extensive
intertidal mud and sand flats. The sand and muddy sand
intertidal flats typically support large populations of the
commercially exploited bivalves Cerastoderma edule (L.)
and Mpytilus edulis L., smaller populations of Scrobicularia
plana (daCosta), and Tellina tenuis (daCosta), and a large
population of different species of resident and wintering
shore-birds, feeding mainly on the invertebrate commu-
nity of the estuary (English Nature, 1993).

Crassostrea  gigas (Pacific oyster), first introduced as
larvae to Britain in 1962, from British Columbia,
Canada, it 1s now cultivated in many estuaries and shel-
tered coastal waters of the UK (C.G. Askew, personal
communication). Since its introduction into the UK,
there have been reports of natural settlement in some of
the estuaries where it is being cultivated including the
Exe Estuary (Spencer et al., 1994).

1 MILE

The English Cannel

Figure 1. Map of the Exe Estuary, indicating the mudflat of
Starcross.
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Comparison between monthly samples

Monthly samples of 30 (26 in February) C. gigas were
collected from November 1993 to October 1994 (except
for March) at the mudflat at Starcross on the margin of
the upper estuary of the River Exe (Figure 1). Oysters
were hand picked during low tide and transported to the
laboratory where they were maintained in seawater tanks
until examination (always within two weeks of collection).
Age was determined in the field by counting the numbers
of annual growth rings and only oysters of 5 and 6-y old
were collected (this was the most frequent year-class
found in Starcross). Oysters were opened by cutting the
adductor muscle and each organ was compressed between
two slides and examined under the dissection microscope.
All parasites were identified and counted in situ.

Comparison between host age groups

To investigate changing patterns of helminth commu-
nities with respect to host age, year-classes had to be
grouped as there were not enough oysters of each year-
class to constitute a large enough sample. Three age
groups were constructed as follows: group 1, oysters
between 2 and 4-y old; group 2, oysters between 5 and 7-y
old; group 3, oysters >8-y old. A sample of 30 oysters
from each age group was collected in April 1995. An
extra sample of 60 oysters (of age groups 1 and 3 only)
was collected in April 1996 to check variations in patterns
found in the 1995 sample.

Data analysis

The terms prevalence and abundance were used as
defined in Margolis et al. (1982). Helminth community
analysis was performed at infracommunity level (sensu
Holmes & Price, 1986). Infracommunities were summar-
ized by: richness (the mean number of helminth species
per host), the mean number of helminth individuals per
host and the mean value of Brillouin’s diversity index.
Mean percentage similarity per month was calculated for
all possible pair combinations of infected hosts. Commu-
nity measurements were calculated as in Magurran
(1988).

Significance in differences between prevalence and
abundance values between seasonal samples and age
groups were tested by using a G-test with William’s
correction for independence of prevalence (Sokal &
Rohlf, 1981) and a Kruskal-Wallis test for independence
of medians for abundance data (Conover, 1980)

Significant differences between monthly samples in the
mean number of species per host and Brillouin’s diversity
index were tested by one-way ANOVA followed by a
Tukey test (Sokal & Rohlf, 1981). For significant differ-
ences in the mean number of helminth individuals per
host, a nonparametric Kruskal-Wallis test was used
(Conover, 1980). Significance was taken at P<0.05 unless
otherwise noted.

The expected frequency of double infections in a host
as a result of independent random co-occurrence (f¢) was
calculated as in Kuris (1990):

fe=AxB/N (1)
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where A and B are observed frequencies of species A and
species B respectively and N is the total number of hosts
examined. A simple 2x2 contingency table analysis was
used to contrast expected and observed frequencies. For
this analysis pooled data from all monthly samples were
used. Independence of occurrence between helminth
species was tested by using a G-test with Williams’ correc-
tion (Sokal & Rohlf, 1981).

RESULTS
Comparison between monthly samples

Four metazoan species parasitized Crassostrea gigas
throughout the vyear: the turbellarian Paravortex sp.,
occurred in the oyster intestine; cercaria Lepocreadiidae,
found in gonad tissue; metacercariae of Renicola roscovita
(Stunkard), encysted in the palps, digestive gland and,
rarely, in the mantle; and the copepod Mytilicola intestinalis
Stever, living in the intestine. Prevalence and abundance of
each species in each month are shown inTable 1.

Only two species were present in all samples: R. roscovita
and M. intestinalis. Prevalence of both species varied over
the year (Table 1), but seldom (two occasions) reached or
exceeded 50%. Renicola roscovita reached a peak of preva-
lence in September (40%) and a nadir in May (10%)
(Table 1). Abundances showed a slightly different trend to
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prevalence: maximum value was found in January
(2.50£1.43 parasites per examined host) and minimum in
May (0.134+0.07) with an increase over summer and
autumn. However, no differences in either prevalence or
abundance between months were significant (G=12.91,
x> =18.3, df=10 and H=11.64, df=10).

Prevalence and abundance values of M. intestinalis, by
contrast, reached their maxima during the summer
months, and minima between November and January
(Table 1). Maximum value of prevalence was recorded
during June (53.33%) and minimum value of abundance
during August (0.7640.23 individuals per examined
host). Minimum values for both parameters were
recorded in November (3.33% prevalence and 0.03+0.0
abundance). Monthly samples were significantly different
between the winter and summer (G=51.08, »>=18.3,
df=10 and H=51.95).

In view of their rarity, no conclusions can be reached
concerning seasonality in Paravortex sp. and cercaria
Lepocreadidae.

Parameters of infracommunities are summarized in
Table 2. Mean values of number of species per host
ranged from 0.37+0.11 (January) to 0.83+0.12 (July).
Values remained low between November and February
then rose through the spring months to reach their peak
in July and August. Mean values of numbers of species
per host were significantly different between months

Table 1. Composition, prevalence and abundance ( £SE) of the metazoan parasite fauna of Crassostrea gigas in monthly samples

Jrom the Exe Estuary.

Paravortex sp.

Cercaria Lepocreadiidae

Renicola roscovita Mpytilicola intestinalis

N % Abundance % Abundanc % Abundance % Abundance
November 1993 30 3.33 0.03+0.03 0 0 36.66 2.23+£0.97 3.33  0.03£0.03
December 30 0 0 0 0 33.33 1.03£0.33 6.66 0.0640.05
January 1994 30 3.33 0.03+0.03 0 0 20.00 2.50+1.43 13.33 0.1640.08
February 26 0 0 0 0 15.38 0.26+0.14 34.61 0.50%0.16
April 30 0 0 3.33 0.03+0.03 30.00 0.7340.23 40.00 0.73+0.21
May 30 0 0 0 0 10.00 0.13+0.07 30.00 0.56+0.18
June 30 0 0 0 0 23.33 1.10£0.63 53.33  0.66=%0.12
July 30 3.33 0.03+0.03 0 0 30.00 0.8040.30 50.00 0.73+0.17
August 30 0 0 0 0 30.00 1.004+0.38 40.00 0.76£0.23
September 30 0 0 0 0 40.00 2.06£0.65 10.00 0.4340.13
October 30 3.33 0.03+0.03 0 0 23.33 1.56+1.19 20.00 0.4040.21

Table 2. Characteristics of the metazoan parasite infracommunity of Crassostrea gigas in monthly samples from the Exe Estuary.

No. of helminth species

No. of helminth

Brillouin’s index % similarity % of hosts with 0 or

N per host (£SE) individuals (£SE) (£SE) (£SE) 1 parasitic species
November 1993 30 0.43+0.10 2.30+0.97 0.0140.01 75.76 £4.74 90.00
December 30 0.40£0.10 1.10£0.32 0.01£0.01 76.97+5.03 96.66
January 1994 30 0.37£0.11 2.70£1.48 0.02+£0.01 42.65+7.69 93.33
February 26 0.50£0.13 0.77£0.22 0.03£0.02 56.67+£5.68 92.30
April 30 0.73£0.10 1.50£0.27 0.02+£0.01 45.79+3.36 95.00
May 30 0.40£0.09 0.70£0.19 0.0 59.09+£6.10 100.00
June 30 0.76 £0.11 1.76 £0.62 0.03£0.01 57.14£3.14 90.00
July 30 0.83+0.12 1.56+0.34 0.06+0.02 48.77+£2.94 84.37
August 30 0.70£0.12 1.76 £0.49 0.05£0.02 50.12+3.41 86.11
September 30 0.50+0.10 2.20+0.66 0.0140.01 69.67+£4.43 94.11
October 32 0.46+0.13 2.00+1.20 0.05+0.02 47.44+£5.31 78.12
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(Fi0305=2.69). Mean number of helminth individuals per
host fell from the minimum value in January (2.71 £1.48)
to the minimum value in May (0.74£0.12) before
increasing throughout the summer (differences were not
significant H=16.42; df=10).

Mean values of Brillouin’s diversity index were always
<0.1 (Table 2). They remained relatively constant from
November to June before increasing slightly during the
summer months, but monthly differences were not signifi-
cant (Fyj40;=1.26). Mean percentage similarity between
months varied between 42.65£7.69 in January and
76.97£5.03 in December (Table 2) but values remained
fairly similar between January and August. With the excep-
tion of July, August and October >90% of the oysters
examined each month were parasitized by either one or no
species (Table 2). The percentage of uninfected hosts was
>50% 1in most months, except during the months of
higher diversity where there was a clear decrease in the
percentage of uninfected hosts and a corresponding
increase in the proportion of hosts infected with two
species (Figure 2). The maximum number of helminth
species ever found in a single host was two (Figure 2).

Evidence of interactions

Of the total number of oysters sampled over the year
(326), 70 were infected with R. roscovita only, 69 with
M. intestinalis only, 24 with both species and 163 were
uninfected. The expected frequency of double infections
assuming independent and random co-occurrence was 15
lower than the observed frequency. Therefore there was no
evidence to suggest interactions in the patterns of co-occur-
rence (G=0.585; y*=3.84, df=2, P> 0.05).

Comparison between oyster age groups

The 1995 sample

With the exception of cercaria Lepocreadiidae all
metazoan parasite species were found parasitizing the
different host age groups. Their prevalence and abun-
dance values are shown in Table 3. Renicola roscovita and
M. intestinalis were the only species present in all age
groups. Differences in prevalence and abundance between
age groups were not significant (R. roscovita, G=0.264,
¥?=5991, df=2, H=0.18; M. intestinalis, G=3.8488,
7 =>5.991, df=2, and H=4.57).

No significant differences between the mean number of
species per host were found between host age-classes
(Fy4,=0.58), and although mean number of individuals
per host increased with oyster age, differences were not
significant (H=3.22, df=2; »*=5.99). Values of Bril-
louin’s index were under 0.06 and no significant differ-
ences between age groups were detected (F,g;,=0.77).
Percentage similarities within host age groups were above
80%. More than 86% of hosts examined in each age
group harboured zero or one parasite species (Table 4).

The 1996 sample

Opyster age groups were infected with the same three
parasite species as in 1995 (Table 3). Prevalence and
abundance of R. roscovita were quite similar in both age
groups examined. Prevalence values had increased
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slightly compared to the same groups examined the year
before, but values of abundance were considerably higher.
In contrast, values of prevalence and abundance of
M. intestinalis were notably lower than in 1995. Moreover,
both prevalence and abundance of M. intestinalis in
oysters sampled in 1996 increased significantly with
oyster age (G=5.5% df=1; y*=3.84 for differences in
prevalence and H=6.72, for differences in abundance).
Helminth infracommunity parameters are summarized
in Table 4. The number of species per host increased
significantly with oyster age groups (F;q;=>5.28; P<0.05).
In contrast to 1995, age groups showed lower species rich-
ness (Table 4). No significant differences were found in
mean number of individuals per host or mean values of
Brillouin’s diversity index between oyster age groups in
1996. Also, neither of these two parameters were very
different from those of the corresponding oyster age
groups in the year before. Mean percentage similarity
values were much lower in contrast with those of 1995
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Figure 2. Monthly frequency distribution of the number of
helminth species per host in oysters (Crassostrea gigas) from the
Exe Estuary.
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Table 3. Prevalence and abundance ( £SE) of the metazoan parasite species in different age groups of Crassostrea gigas in the

Exe Estuary.

N Paravortex sp. Renicola roscovita Mpytilicola intestinalis
April 1995
Age group 1 30
Prevalence 0 6.66 66.66
Abundance 0.3340.25 2.2640.47
Age group 2 30
Prevalence 6.66 10.00 83.33
Abundance 0.0640.05 0.16+0.11 2.904+0.48
Age group 3 30
Prevalence 0 10.00 86.66
Abundance 0.240.12 3.8340.40
April 1996
Age group 1 30
Prevalence 0 16.66 6.66
Abundance 2.834+1.72 0.064+0.04
Age group 3 30
Prevalence 3.33 16.16 30.00
Abundance 0.0340.03 2.33+1.39 0.4640.18

Table 4. Characteristics of the metazoan parasite infracommunity ( £SE) of the three age-classes of Crassostrea gigas of the Exe

Estuary.
No. of species per  No. of individuals ~ Brillouin’s index % similarity % of individual hosts
N host (£ SE) per host (£SE) (£SE) (£SE) with 0 or 1 species

April 1995

Age group 1 30 1.06£0.10 2.60+0.49 0.01£0.01 85.33+£5.83 93.33

Age group 2 30 1.0£0.09 3.13+0.48 0.05£0.02 81.61£5.35 86.66

Age group 3 30 0.96£0.09 4.03£0.60 0.04+£0.02 91.13£3.42 90.00

April 1996

Age group 1 30 0.23+£0.08 2.9+1.72 0 52.00£10.80 100

Age group 3 30 0.53+£0.10 2.86+1.37 0.01£0.01 48.07+4.60 96.66

(52£10.8 for age group 1 and 48.07£4.60 for age group
3). Percentages of individual hosts infected with zero and
one species were slightly larger than the previous year. In
age group 1, no host was infected with more than one
species, while in age group 3, 96.66% harboured zero or
one species (Table 4).

DISCUSSION

Independent of the season and host age, metazoan
parasite communities of oysters, were poor in number of
species and individuals, and exhibited low diversity.
Communities showed no evidence of interspecific inter-
actions. Such characteristics place them as ‘isolationist’,
non-interactive communities, sensu Holmes & Price
(1986) and Sousa (1994).

High percentages of uninfected hosts and low percen-
tages of hosts infected with more than two parasite
species were responsible for the very low values in all
helminth infracommunity parameters. The recruitment of
Mpytilicola intestinalis and  Renicola roscovita during the
summer months was responsible for the slight increase in
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both species richness and mean number of parasite indivi-
duals per host at this time, as the percentage of hosts
infected with at least one helminth species increased and
so did the hosts infected with two species (Figure 2).
Possible negative interactions and antagonism between
the species composing the helminth communities of
gastropods have been found to be responsible for low
diversities and poor species richness (Sousa, 1990; Kuris,
1990; Fernandez & Esch, 1991b; Esch & Fernandez, 1993;
Sousa, 1994; Kuris & Lafferty, 1994) at the infracommu-
nity level. However, helminth communities of oysters did
not meet the assumptions for an interactive community
(sensu Holmes & Price, 1986; Kuris & Lafferty, 1994;
Sousa, 1994). Firstly, there are few species to interact;
only four species were found infecting oysters in monthly
samples and just three in age-class samples, of which only
two were relatively frequent. Secondly, prevalence of these
species was often <50% and no real dominance hierar-
chies were detected as, most of the time, communities were
dominated by R. roscovita in monthly samples and by either
R. roscovita or M. intestinalis in age groups. Finally, these two
species (1.e. R. roscovita and M. intestinalis) exhibit different
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microhabitat preferences, as R. roscovita is most frequently
found in palps and M. intestinalis inhabits the oyster gut.

Additionally, R. roscovita and M. intestinalis species differ
in their colonization strategy with regard to the definitive
host. Renicola roscovita is an allogenic species which uses
the gastropod Littorina littorea L. as its first intermediate
host, the oyster as the second intermediate host and Larus
argentatus as its definitive host. Thus, the presence of
R. roscovita is determined by the presence of all three
suitable hosts. Seasonal patterns in oyster infections will
depend on the time of cercaria shedding by the first inter-
mediate host and on the lifespan of the metacercaria, i.e.
recruitment and mortality. Laukner (1983) mentioned
that the onset of emission of cercariae of R. roscovita in
some European localities occurs during late May to early
June, stopping completely before October. This period
coincides with the months in which values of abundance
of R. roscovita seem to start increasing in the Exe Estuary,
even though changes in prevalence were more variable
(Table 1). Despite the fact that mussels and cockles accu-
mulate large numbers of metacercariae during the first
two and three years (in the order of hundreds to thou-
sands; Lauckner, 1983), oysters appear to harbour far
smaller numbers and there is no accumulation of meta-
cercariae with respect to oyster age (Table 3). It is thus
possible that mortality of the metacercariae in the oyster
might be occurring. Observed patterns in prevalence and
abundance of R. roscovita in different oyster age groups in
1995 and 1996 reflect, then, the great variability in trans-
mission rates from year to year. Furthermore, the results
in the comparison of oyster age groups suggest that oyster
defence mechanisms against parasites are operating in
maintaining low levels of infection, either by preventing
the establishment of the cercariae or by increasing meta-
cercarial mortality.

By contrast, M. intestinalis is an autogenic species which
can reach maturity in the oyster host. Infections, then,
will depend on recruitment of the new generation of first
and second copepodite stages which are presumably
ingested by the lamellibranch host (Cheng, 1967,
Laukner, 1983) and mortality of the previous generation,
soon after reproduction (Davey, 1989). Recruitment of
M. intestinalis to mussels has been reported to occur twice
a year, most commonly during late summer and early
winter (Davey, 1989). Gresty (1990) reported two periods
of recruitment in mussels of the Exe Estuary, during late
autumn and early summer, which coincides with the
increased levels of prevalence and abundance noted over
this period in this study. Davey (1989) found little
evidence of a relationship between infection levels and
mussel size; instead, he reported broad variations in
infection levels from year to year in a ten-year study. He
related such variation to changes in climatic factors, espe-
cially to yearly temperature ranges, which could also
explain the variations in infections over 1995 and 1996
observed in the present study.

It is possible that helminth communities of Crassostrea
gigas, as a recently introduced species to the UK, are still
increasing in richness and diversity. Guegan & Kennedy
(1993) pointed out that species introduced by man into
new localities will have far less rich helminth faunas than
related native species and that eventually the introduced
species will become infected by helminth species of native
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hosts. On the other hand, the fact that oysters possess a
strong response against parasites (Cheng & Rificin, 1970)
could explain why communities remain poor and low in
diversity through the year and oyster age groups. Cheng
et al. (1966) mentioned that oysters can prevent the
encystment of metacercariae of Himasthla quissetensis
(Miller & Nothrup) by immobilization of the cercaria
before penetration by some host-elaborated substance
seeping into the mantle. Also, it is known that oysters
respond quickly to the presence of foreign particles, by
intracellular digestion and phagocytosis followed by
immediate migration of the host cells across the epithe-
lium to the exterior (Tripp, 1975). This process could be
one of the principal reasons for the poor helminth
communities observed in oysters.

All metazoan parasite species found infecting oysters in
the Exe have previously been reported as parasitizing
other lamellibranchs (Cheng, 1967; Laukner, 1983), i.e.
none are specialists of oysters. Renicola roscovita and
M. intestinalis have been found parasitizing other bivalves
(mainly mussels) in several localities around Europe with
prevalence and abundance values far larger than those
found here in oysters (Laukner, 1983). In the Exe Estuary in
particular, there are no native oyster populations, but
instead, large populations of mussels (Mytilus edulis) and
cockles (Cerastoderma edule) are predominant (Harris, 1980).
Between 90 and 100% of the mussel population has been
found to be infected with R. roscovita, with between 1 and
855 cysts per host (Goater, 1989) and 100% of the
cockle (C. edule) population with between 70 and 2000 cysts
(Goater, 1989; Aguirre-Macedo, 1996). Mpytilicola
intestinalis, on the other hand, has been found infecting
40-100% of the mussel population of the Exe Estuary with
mean abundances between 0.7 and 3.5 parasites per host
(Gresty, 1990). Oysters appear to exhibit more resistance to
parasites (i.e. R. roscovita and M. intestinalis) than mussels or
cockles, but are nevertheless susceptible to infections. Their
parasites thus seem to be acquired from the neighbouring
lamellibranch-parasite systems (spillovers) where parasite
populations seem to be far larger.

Despite some temporal variations in prevalence and
abundance of individual helminth species, no significant
seasonal variation was observed in community structure
and although some significant differences were found
between age host groups, such variations seem to be due
largely to seasonal changes in recruitment and transmis-
sion of individual species from year to year. Therefore,
time of collection or age composition of samples could be
of minimal importance in determining community struc-
ture of metazoan parasites of C. gigas.

We wish to thank CONACyI, Mexico and The British Coun-
cil for a study grant to M.L.A. and to Jan and Phil Shears for
technical assistance.
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