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(Myxosporean) on the common goby (Teleostei, 
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ABSTRACT: The evolution of a host-parasite system composed of Pomatoschistus microps-Kudoa  
camarguensis was investigated in the Vaccarès lagoon (Rhone river Delta, France) from 1993 to 1997. 
During this long-term  monitoring, centennial flooding of the Rhone river occurred, leading to an 
inrush of about 110 million m3 of freshw ater in the Vaccarès lagoon. The salinity drastically dropped 
from 14 to 5 g F 1 in 1 wk. We observed that the annual prevalence and abundance of the myxo­
sporean parasite decreased from 12.18 in 1993 to 3.7% in 1997 and from 1.10 in 1993 to 0.27 in 1997, 
respectively. Here, we discuss the possible reasons for the rapid decline of this host-parasite system 
following the flood.
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INTRODUCTION

While studying Gobiidae populations (Teleostei; 
Pisces) in the Vaccarès coastal lagoon (Rhone river 
delta, France) from 1993 to 1997, w e detected  many 
w hite spindle-shape bodies in a sedentary goby spe­
cies, Pomatoschistus m icrops (Kroyer, 1838), and in a 
migratory one, P. m inutus  (Pampoulie et al. 1999). 
Those spindle-shape bodies turned out to be a new  
species of M yxosporean parasites w hich belongs to the 
genus Kudoa, w hich w e nam ed Kudoa camarguensis 
(Pampoulie et al. 1999). In the w inter of 1993 to 1994, 
centennial flooding of the Rhone river broke the artifi­
cial levees surrounding the delta, which led to an
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inrush of about 110 million m3 of freshw ater in less 
than  1 wk. This resulted in a rapid and sharp salinity 
drop (from 14 to 5 g F 1) in the Vaccarès. This drop in 
salinity and its m aintenance at around 5 g F 1 in the 
following years have affected benthic organism s like 
polychaetes and oligochaetes (Pampoulie et al. 1998) 
w hich are suspected to be the interm ediate hosts in 
other M yxosporea species (Benajiba & M arques 1993, 
Uspenskaya 1995, Bartholomew et al. 1997). As we 
had  been  monitoring fish in the system since 1993, this 
sudden and sharp salinity change affecting the whole 
biocenosis offered a unique opportunity to study the 
evolution of a host-parasite system in a changing envi­
ronm ent. We m ade the null hypothesis that environ­
m ental changes and the m aintenance of low salinity 
affected the host-parasite system Pomatoschistus 
microps-Kudoa camarguensis for 5 yr.
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MATERIALS AND METHODS Abundance Prevalence (%)

The Vaccarès lagoon covers 6400 ha. The maximum 
depth is 2 m and the m ean annual salinity was 13.6 g 
I-1 in 1993 and 5.2 g I-1 in 1997. Monthly sampling was 
conducted from M arch 1993 (7 mo before the floods) to 
Decem ber 1997 for 4 consecutive days per month. For 
technical reasons, samples w ere only collected for a 
few months in 1996 and no biological study was done. 
Fyke nets (6 mm m esh size) and fry fyke nets (0.5 mm 
mesh) w ere visited every day. Fish w ere preserved in 
10 % formalin. As white spindle-shape bodies of Kudoa 
camarguensis w ere visible to the naked eyes (Pam­
poulie et al. 1998), fishes w ere exam ined macroscopi- 
cally and parasite bodies counted under a light micro­
scope. Total length (TL in mm) was m easured on each 
fish (22 mm < TL < 53 mm). To determ ine the trends of 
annual prevalence (number of parasitized hosts/num ­
ber of hosts examined) and abundance (number of 
parasites/num ber of hosts examined) in relation with 
the sampling years, we tested linear and non-linear 
regressions and chose the regression which explained 
the highest percentage of variation. The distributions 
of monthly prevalence of the 'standard ' year (1993) 
w ere com pared with those observed the following year 
using a W ilcoxon-M ann-W hitney U-test.

RESULTS

In total, 2980 common gobies w ere exam ined and 
196 w ere found to be parasitized (6.58%). Trends of 
annual prevalence (Fig. 1) w ere fitted to a polynomial 
regression model (r = 0.99, n = 4, p = 0.01) as well as 
annual abundance (r = 0.97, n = 4, p = 0.01). In the Vac­
carès, the distribution of monthly prevalence (Fig. 2) 
was not different betw een 1993 and 1994 for both fe­
males and males, w hereas a significant difference was 
found betw een 1993 and 1997 (Table 1).
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Fig. 1. Trends of annual prevalence of Kudoa camarguensis 
in the Vaccarès lagoon from 1993 to 1997

myxosporean parasites (Benajiba & M arques 1993, 
Uspenskaya 1995, Bartholomew et al. 1997). In the 
Vaccarès lagoon, the polychaetes density decreased 
from betw een 340 and 1690 ind. m-2 in 1988, to b e ­
tw een 30 and 233 ind. m-2 in 1997 (Pampoulie et al. 
1998). Conversely, the num ber of oligochaetes in ­
creased from 0 ind. m-2 in 1988 (Ximenes et al. 1989), 
to betw een 11 and 444 ind. m-2 in 1997 (Pampoulie et 
al. 1998). We believe that this decrease in prevalence 
in the Vaccarès lagoon could be explained by the 
decrease of the polychaetes, which are suspected to be 
the interm ediate host of K. camarguensis. Moreover, 
only 2 polychaetes species w ere present in the system 
from 1993 to 1997, nam ely Streblospio shrubsolii and 
H eterom astus filiformis (Pampoulie 1999). Thus, this 
host-parasite system probably involves 1 of these 2

DISCUSSION

Our results clearly show the decrease 
of the num ber of fishes affected by 
Kudoa camarguensis in the Vaccarès 
lagoon following the sudden freshw ater 
inflow of the w inter 1993 to 1994. 
A nnual prevalence of the host-parasite 
system decreased drastically betw een 
1993 and 1995, and rem ained at around 
4%.

The cycle of the Kudoa sp. is u n ­
known, but annelids are suspected to 
be the interm ediate hosts as in other
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Fig. 2. Distribution of monthly prevalence of Kudoa camarguensis 
Vaccarès lagoon from 1993 to 1997
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Table 1. Comparison of the monthly distributions of p reva­
lence for Kudoa camarguensis  in  the Vaccarès from 1993 to 
1997. Values for m ales are above the diagonal; values for 
fem ales are below the diagonal, ns: not significant; U: 
W ilcoxon-Mann-W hitney param eter value; z: variance of U

Males
Females

1993 1994 1995 1997

1993 ¡7=49.5 
z =  1.32 

ns

¡7=26.5 
z = 2.96 
p = 0.003

¡7=37.5 
z  = 2.11 
p = 0.03

1993 U = 61 
z = 0.64 

ns

¡7=239 
z = 2.56
p = 0.02

¡7 = 47 
z =  1.56 

ns

1993 ¡7=35.5 
z = 2.16 
p = 0.03

¡7=42 
z =  1.76 

ns

¡7= 66.5 
z  = 0.76 

ns

1993 ¡7=37.5 
z = 2.11 
p = 0.03

¡7=36 
z = 2.16 
p  = 0.04

¡7= 62.5 
z = 0.67 

ns

annelid species. We think that the occurrence of 
oligochaetes, w hich w ere not found in 1993 in the Vac­
carès, cannot explain the observed prevalence. N ever­
theless, these sporadic results are definitively less 
informative than long-term  monitoring of benthic pop­
ulations would have been; therefore, further investiga­
tions are required  to confirm this hypothesis. M ore­
over, recent studies have dem onstrated the capacity of 
some species of m yxosporean parasites to infect fish 
directly, w ith no need  of an interm ediate host or other 
vector (Diamant 1997).

In conclusion, this is the first time that a long-term  
study including a change in environm ental param eters 
could be carried out on a species belonging to the 
genus Kudoa. Our data clearly highlighted that K. 
camarguensis prevalence strongly decreases in low 
salinity and suggested that its cycle probably involved 
a polychaete to be found am ong the 2 following 
species: Streblospio shrubsolii and H eterom astus fili­
formis. N evertheless, as the cycle of this species is
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unknown, our hypothesis must be regarded  as specu­
lative as long as salinity-sensitive annelids have not 
been  shown to act as interm ediate hosts.
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