
External stressors such as environmental perturbations and habitat loss, can have a 
signiþcant impact on þsh communities and survival, and consequently on parasite 
communities. Relatively little is known about how external stressors can impact the 
occurrence of all endo- and exo-parasites and their potential effect on their host. In 
1993, a centennial ÿood in the Vaccar¯s lagoon (Rh¹ne delta, France) produced an 
inÿux of 110 million m3 of freshwater, providing us the opportunity to investigate the 
effects of possible intermediate or deþnitive host-loss on a two-host parasite. In this 
hostðparasite system composed of the goby P. microps and the trematode Aphalloµdes 
cïlomicola, the potential disappearance of the þrst intermediate Hydrobia ventrosa 
(Gastropoda, Hydrobiidae), which is an euryhaline species living in Brackish water 
environment (Montagu 1803), may prevent the life-cycle of the parasite to be com-
pleted. We found that, despite the disappearance of A. cïlomicolaõs þrst intermediate 
host in the lagoon, the parasite occurrence did not differ for both male and female P. 
microps from 1993 to 1996; only in 1997 did we observe a reduction in parasitism. 
This suggests that the inÿux of fresh water during the ÿooding of 1993 did not increase 
P. microps susceptibility to A. cïlomicola, but also that A. cïlomicola was not directly 
affected by the loss of a primary intermediate host as a result of environmental changes 
resulting from the inÿux of fresh water during the ÿooding of 1993. This unexpected 
result may be explained by a resilient but small þrst intermediate population in the 
complex Vaccar¯s lagoon system.

Parasites occur in various ecosystems and in all 
genera, and interact with their host in different 
ways depending on the stability of the ecosystem 
(Combes 1995). Parasite presence or abundance 

may be directly inÿuenced by both the host envi-
ronment and the environmental condition of the 
ecosystem (Kadlec et al. 2003). Changes in the 
environment are thus susceptible to modify the 
hostðparasite interactions by either increasing 
the parasites effect through an increase in host 



susceptibility (Kadlec et al. 2003) or of contami-
nant vectors, or disadvantaging the parasites by 
increasing host mortality or decreasing the abun-
dance of intermediate hosts (Pampoulie et al. 
2001). Unfortunately, very few long-term studies 
investigate the co-evolution of a hostðparasites 
system, mainly because of the complexity to 
assess the number of parasites involved, and 
what the external stress factors are that affect the 
host or the parasite.

In the winter of 1993ð1994, centennial ÿoods 
of the Rhone River (France) broke the artiþcial 
levees surrounding the delta, leading to an inrush 
of about 110 million m3 of freshwater in less than 
one week. This caused a rapid and sharp drop in 
salinity (from 14 g lð1 to 5 g lð1) in the Vaccar¯s. 
The low salinity (around 5 g lð1) that has remained 
constant for several years induced a decline in 
benthic organisms such as polychaetes or oligo-
chaetes (Pampoulie et al. 1998). While studying 
Gobiidae populations (Teleostei; Pisces) in this 
region during this time, we detected a trematode 
parasite located in the abdominal cavity of an 
annual goby, Pomatoschistus microps (Krßyer 
1838). The life cycle of this trematode (Aphal-
loµdes cïlomicola Dollfus, Chabaud & Golvan 
1957) is considered abbreviated, involving 
only two host species: the gastropod Hydrobia 
ventrosa (Montagu 1803), which serves as the 
þrst intermediate host and the goby P. microps, 
which serves as both a second intermediate and 
deþnitive host (Maillard 1973, Pampoulie et 
al. 2000a). The metacercariÞ of A. cïlomicola 
migrate towards the abdominal cavity of the 
goby where they develop into adults. Thus, the 
adults are trapped into the abdominal cavity of 
þshes (Maillard 1973, Pampoulie et al. 2000a). 
For eggs to be released from the host and the 
reproductive/developmental cycle to be com-
pleted, A. cïlomicola induces mortality in both 
female and male hosts (Pampoulie et al. 1999, 
2000a). 

The euryhaline species H. ventrosa and P. 
microps, hosts of A. cïlomicola, inhabit the Vac-
car¯s. Pomatoschistus microps has been reported 
to be able to withstand lower than optimal salin-
ity (Pampoulie et al. 2000b); H. ventrosa, how-
ever, tends to be absent when salinity drops dras-
tically (Fenchel 1975, 1976). We therefore expect 
that the population of P. microps will remain 

somewhat stable while population of H. ventrosa 
will probably decline. As a result, one might 
expect that the occurrence of A. cïlomicola and 
the intensity of its infection in P. microps will 
decrease, as may its impact. The present study 
aimed to assess whether environmental changes 
due to the decline in salinity induced a decrease 
or an increase of A. cïlomicola occurrence and 
impact through respectively a decrease of the 
hostõs abundance or an increase of the deþnitive 
host susceptibility to parasite infection due to 
potential investment in osmoregulation. 

The Vaccar¯s lagoon is a Mediterranean lagoon 
about 6 400 ha in size that is situated in the 
Rh¹ne delta of southern France (Fig. 1). The 
lagoonõs maximum depth is 2 m and its average 
salinity (S) ÿuctuates greatly (from 5 to 15 g lð1; 
Fig. 2) due to the drainage of riceþelds coming 
from the drainage basin. 

Monthly sampling of þsh began in March 
1993, seven months prior to the freshwater 
inÿow, and ended December 1997. We used two 
traditional fyke nets for 5 consecutive days per 
month. Funnel mesh size for one net was 6 mm 
and for the other net it was 0.5 mm. Unfavour-
able weather conditions prevented sampling for 
some of the months. Consequently, only those 
months common to all sampling years (April, 
May, June, September, October and November) 
were taken into consideration for annual com-
parisons. All þsh samples from 1996 were not 
considered for the parasitism analysis because 
of inadequate sampling. The collected þsh were 
preserved in 10% formalin. The catch per unit 
effort (CPUE) of P. microps was calculated in 
grams per dayõs þshing and was log-transformed 
(ln(CPUE + 1)). When possible, þve þsh were 
dissected in each size class for each month con-
sidered in the analysis. We classiþed the þsh into 
2 mm size classes based on cohorts analysis. 

The R®serve Nationale de Camargue (RNC) 
record the numbers of H. ventrosa present in the 
Vaccar¯s each January in a beam trawl. 

For each þsh the number and total mass 
of A. cïlomicola were recorded. The preva-
lence of A. cïlomicola was assessed as the 



ratio of the number of parasitized þshes to the 
number of non-parasitized þshes. The correla-
tion between body size and parasite prevalence 
was tested using a 2-test applied to several size 
classes; when this test was signiþcant, logis-
tic regression was used to determine trends of 
prevalence in largest þsh to assess the potential 
effect of parasite accumulation. The distribu-
tions of monthly prevalence of A. cïlomicola in 
the Vaccar¯s were compared using a Wilcoxon-
Mann-Whitney U-test. Mean parasite intensity 
was calculated as the ratio of the number of 
parasites to the number of parasitized individu-
als. The distributions of monthly mean parasite 
intensity in the Vaccar¯s were compared using a 
t-test. The effect of the parasite on þsh mortality 

was estimated using the methods described by 
Anderson and Gordon (1982), Lester (1984) and 
Rousset et al. (1996). We calculated the mean 
abundance of the parasite per þsh size class (the 
number of parasites divided by the number of 
parasitised hosts or (Np/Nh) per 2-mm size class) 
and the variance to mean abundance ratio, which 
represents the degree of parasite aggregation in 
the host. These two parameters were recorded 
separately for males and females. To determine 
the relationship between host age and abun-
dance and variance to abundance ratio, we used 
linear and non-linear regressions and present the 
regression that explains the highest percentage 
of variation.

The number of the þrst intermediate host, Hyd-
robia ventrosa, caught dropped from 21 in 1993 
to 0 in 1994, and remained at zero through to 
the end of our study in 1997; the annual catches 
per unit effort (CPUE) of P. microps, in contrast, 
increased (r = 0.88, p < 0.05, n = 5) (Fig. 3). In 
1997, we did not catch any þsh longer than 42 
mm. 



In the course of the sampling, 1 107 out of 2 980 
individuals examined (37%) were parasitized. 
Trends of annual prevalence in both male and 
female common gobies from the Vaccar¯s (Fig. 
4a) were þtted to different regression models 
but none were signiþcant. No signiþcant vari-
ations were found between annual prevalence 
in both sexes, which ranged from 36% to 49% 
for females and 29% to 43% for males. Annual 
mean parasite intensity (Fig. 4b) varied in both 
male and female common gobies (Table 1), but 
again no particular trends were detected. The 
mean intensity was greatest for females in all the 
years except 1997 (Fig. 4b and Table 1), whereas 
the mean intensity for males was highest in 
1997. The mean abundance and the variance 
to mean abundance ratio did not increase with 
size of females (Fig. 5) or males (Fig. 6), except 
in 1997. The 2-test and the logistic regression 
revealed a body size effect on parasite prevalence 
in 1997 (Table 2) and conþrmed this result.

Our results conþrmed that P. microps can with-
stand the environmental changes due to the fresh-
water inÿow. The complete disappearance of 

H. ventrosa from the Vaccar¯s lagoon after the 
decrease in salinity strongly suggests that this 
species does not withstand low salinity. Previ-




