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Abstract

The composition and diversity of the total and intestinal component
endohelminth communities were determined in the cyprinid barbel from three
study areas in two large river systems in Austria. Two sample sites in the Danube
and one site in the River Drau are the only free flowing stretches of these rivers in
Austria. Nine helminth species were identified, with the acanthocephalan
Pomphorhynchus laevis being dominant in the Danube, with up to 100%
prevalence. In the Drau, where the dominant species was the cestode
Bathybothrium rectangulum, species diversity was higher than in the Danube.

Introduction

Most data on helminth communities in the barbel in
Central Europe are derived from the Danube basin and
the Elbe (Kritscher, 1955; Ergens & Lucký, 1959; Molnar,
1970; Moravec & Scholz, 1991; Gelnar et al., 1996). An
extensive study on the parasites of barbel was undertaken
in different sites in the Czech Republic, Austria and
Hungary by Moravec et al. (1997) whereas the population
biology, seasonal occurrence and maturation of some
helminths from barbel were studied by Scholz & Moravec
(1993, 1994, 1996), Moravec & Scholz (1995) and Moravec
(1995, 1996). Although the barbel is a most abundant fish
species in many European rivers, our knowledge and the
understanding of its parasite fauna is still inadequate.

Certain helminths of barbel, mainly acanthocephalans,
can occur in high intensities of infection and may cause
considerable damage to their fish host (Roberts, 1978).
Studies on the parasites of freshwater fish such as the
barbel are therefore important not only in pathological or
economic aspects of aquaculture and fisheries but also
because some of these parasites may serve as sensitive
indicators of pollution, providing a useful tool for the

assessment of ecological conditions in aquatic habitats
(Sures, 2001; Schludermann et al., 2003).

The present study, which forms part of a programme on
the role of macroparasites as indicators of pollution, is
designed to determine the species richness and diversity
of helminth communities of the barbel from differing
stretches of the rivers Danube and Drau in Austria. Data
were used for a comparison of locations with similar
ecological conditions but with differing heavy metal
concentrations (Schludermann et al., 2003).

Materials and methods

Three study sites were selected, with two located in
the Danube (Lower Austria) and one in the River Drau
(Carinthia) (fig. 1). The Danube is one of the largest river
systems in Europe, with a total length of 2850 km and the
Austrian part is about 350 km long (Schiemer & Spindler,
1989). The first Danube site is located downstream of
Vienna near the inflow of the River Fischa and this
section is characterized by large alluvial areas with a
diverse system of connected and disconnected back-
waters. The second Danube site is located downstream
of Melk near the inflow of the River Pielach. Both sites
are within the last two free-flowing stretches of the
Austrian Danube (Kovacek-Mann, 1992; Humpesch,
1994). The Drau-Rosegg site, a 6.5 km stretch known
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as the ‘Rosegger–Schleife’, is the only free-flowing part
of this river in Austria, which is accompanied by
disconnected backwaters (Friedl & Kerschbaumer, 2000).
Barbel was found to be one of the most abundant fish
species in all selected river stretches (Schiemer &
Waidbacher, 1994; Friedl & Kerschbaumer, 2000). It was
used as a model fish in the present study not only
because of its abundance but also because of the
presence of a range of helminth species in barbel in
Central Europe (Moravec et al., 1997).

A total of 83 large and medium-sized barbel was
collected by electrofishing (Danube-Pielach, Drau-
Rosegg) or using dragnets (Danube-Fischa) and bow
nets (Danube-Pielach) between April and November
2001. Fish were transported to the laboratory and
immediately examined for parasites as previously
described by Schludermann et al. (2003). The total and
caudal length, weight, sex and age were recorded for each
fish. The parasitological terminology used follows that of
Bush et al. (1997). Parasite community diversity and
dominance indices were calculated using the Shannon-
Wiener index, Shannon-Wiener evenness, Brillouin index,
Simpson’s index, and Berger Parker index (Magurran,
1988). Data analyses using Kruskal-Wallis, one-way
ANOVA, and Post-hoc tests (Bonferroni) were performed
using SPSS 10.0.

Results

A total of nine helminth species was identified in barbel
from the three river sites. These included four trematodes
(Aspidogaster limacoides, Allocreadium isoporum, Diplosto-
mum spathaceum, Posthodiplostomum brevicaudatum), three
cestodes (Caryophyllaeus brachycollis, Bathybothrium rec-
tangulum, Proteocephalus torulosus), one nematode (Rhab-
dochona hellichi), and one acanthocephalan species
(Pomphorhynchus laevis). Seven species were found in the
intestine, and two species were recovered from the eyes
(table 1).

In the Danube-Fischa site, of five helminths recorded,
the most dominant species was the acanthocephalan
P. laevis with a prevalence of 100% and a mean intensity of
177.8. The next most frequent helminth species in the
Danube site was the metacercaria of the digenean
D. spathaceum (prevalence 66.7%, mean intensity 3.7),

followed by the nematode R. hellichi (prevalence of 27.3%
and a mean intensity of 3.4). Aspidogaster limacoides, which
was the only adult trematode identified, occurred in the
intestine with a prevalence of 12.1% and a mean intensity
of 2.5. The only cestode species recovered was
C. brachycollis, with a prevalence of 6.1% and a mean
intensity of 4.5.

Eight helminth species were found in the Danube-
Pielach site where P. laevis was also the dominant species,
with a prevalence of 100% and a mean intensity of 111.4,
followed by D. spathaceum (prevalence 70%). The
metacercaria stage of P. brevicaudatum, which was found
only in this river site, showed a prevalence of 33.3% and
adults of A. isoporum occurred in 16.7% of infected fish.
Rhabdochona hellichi showed a higher prevalence (46.7%)
in this site compared with 27.3% in the Danube Fischa.
The three cestode species recorded, C. brachycollis,
B. rectangulum and P. torulosus all showed relatively low
prevalence and intensity levels.

In the Drau-Rosegg site, of the six helminth species
recovered, prevalence values of 85% were recorded for
R. hellichi, B. rectangulum, and D. spathaceum, with
B. rectangulum being the dominant species. Pomphor-
hynchus laevis was found in 35% of fish, which is lower
than that found in the Danube sites.

Negative binomial distributions were calculated for
each parasite species for the three sites (Crofton, 1971a;
Magurran, 1988) and the frequency distributions were
overdispersed (table 1) with only a few fish harbouring
high intensities (Crofton, 1971a,b; Kennedy, 1985;
Anderson, 1993).

Species richness was calculated for all helminth
communities and for intestinal helminths with and
without P. laevis (tables 2 and 3). In the Danube-Fischa
site both Shannon-Wiener (H0) and Simpson’s diversity
(D) indices showed a low diversity and a high
dominance. The Shannon value was close to zero
(H0 ¼ 0.128; evenness (E) ¼ 0.080) and the Simpson’s
value was close to one (D ¼ 0.957; 1/D ¼ 1.045). In
contrast, the Drau-Rosegg site had the highest diversity
(H0 ¼ 1.196; E ¼ 0.668) and the lowest dominance
(D ¼ 0.342; 1/D ¼ 2.927). The Danube-Pielach site shared
a medium diversity (H0 ¼ 0.811; E ¼ 0.335) and also a
medium dominance (D ¼ 0.550; 1/D ¼ 1.823) The Bril-
louin index and the Berger-Parker index showed values
similar to the Shannon-Wiener and Simpson’s indices.

The values of each helminth species were tested
separately to examine differences between the three
study sites. Only P. laevis and R. hellichi showed
significant differences. The population of P. laevis showed
significant differences between the two Danube and the
Drau sites (P , 0.001). There was also a significant
difference between the Drau-Rosegg and Danube-Fischa
site for R. hellichi (P , 0.001).

Discussion

The composition and structure of helminth commu-
nities in the barbel in the present study were similar to
those of Moravec et al. (1997), and in the same barbel
population data on the use of acanthocephalans as
indicators of heavy metal accumulation was also

Fig. 1. Location of the three river sites in Austria for collection of
barbel between April and November 2001 (after Schludermann
et al., 2003) Da/Fi, Danube-Fischa; Da/Pi, Danube-Pielach;

Dr/Ro, Drau-Rosegg.
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obtained (Sures, 2001; Schludermann et al., 2003).
Overall, nine helminth species were identified, with
the barbel specialists being C. brachycollis and B.
rectangulum, (Bykohovskaya-Pavlovskaya et al., 1962;
Bates & Kennedy, 1991a,b; Scholz & Moravec, 1994,
1996; Moravec et al., 1997; Zander, 1998; Lyndon &
Kennedy, 2001). The residual species were generalists
which also inhabit other freshwater fish species
(Bykohovskaya-Pavlovskaya et al., 1962; Moravec et al.,
1997). Moravec et al. (1997) reported a wide range of
fish parasites of the barbel from Central Europe and
especially for the Danube with a total of 43 species.
Kritscher (1955) also examined barbel in Austria with
similar results. Other investigations in Poland (Grabda-
Kazubska & Pilecka-Rapacz, 1987), northern Spain
(Gutiérrez-Galindo et al., 1995), western Serbia (Cakic
et al., 1998), and Italy (De Liberato et al., 2002) revealed
a similar list of helminths.

At the two Danube sites P. laevis was always the
most dominant species, with a prevalence of 100%
(table 1). Between April 1992 and November 1994,
Moravec et al. (1997) found comparable values (99%
prevalence) in the Danube near Vienna and in
Budapest, Hungary. The mean intensity in both
Danube sites in the present study was higher than
that described by Moravec et al. (1997). In the UK
Kennedy (1996) examined different fish species in the
Otter River with regard to colonization by P. laevis.
Only in brown trout (Salmo trutta) P. laevis reaches a
prevalence of 100%. In three other fish species, namely
bullhead (Cottus gobio), flounder (Platichthys flesus) and
eel (Anguilla anguilla) the prevalence values were lower,
ranging between 43.6 and 50.0%. In Austria, the
Drau-Rosegg site showed a different picture. Amongst
the six helminth species recorded, P. laevis had a very
low prevalence (35%) and a mean intensity of 2.0. A
mean intensity of 83.3 for R. hellichi and a prevalence
of 46.7% in the Danube-Pielach site was higher than
that in the Drau site (mean intensity 15.1), whereas in
the Danube-Fischa site the corresponding values were
a prevalence of 27.3% and a mean intensity of 3.4.
Moravec et al. (1997) found R. hellichi in both Danube
sites, i.e. in the Austrian section of the Danube with a
prevalence reaching 55%. In the Drau-Rosegg site the
nematode species R. hellichi showed the highest
prevalence (85%) together with B. rectangulum and D.
spathaceum. In the Drau-Rosegg site B. rectangulum and
D. spathaceum showed the highest mean abundance
16.3. The Danube-Fischa site yielded no B. rectangulum,
and in the Danube-Pielach only one specimen of B.
rectangulum was recorded. A similar situation was
described from both Danube sites investigated by
Moravec et al. (1997).

In general, the helminth community composition can
be explained by the structure and composition of the
macrozoobenthos (Dogiel, 1961; Kennedy & Hartvigsen,
2000). The parasite fauna reflects local ecological
conditions and there will be distinct differences in the
species composition of helminths parasitizing barbel in
different study sites. The intermediate hosts for P. laevis
are gammarids, mostly Gammarus pulex, and for R. hellichi
the trichopteran larva Hydropsyche sp. (Dezfuli et al., 1991,
1992; Moravec & Scholz, 1994). The substrate of the two

Danube sites in the flat bank regions is fine sediment
whereas the deeper regions are dominated by gravel
banks. The Danube features a high density of 15
gammarid species (Moog et al., 1991, 1995) and this
could explain why barbel in the Danube showed such a
high prevalence and intensity of P. laevis. Even though the
Drau site at the Rosegger-Schleife is the only free-flowing
stretch of this river, its original state has been changed by
hydraulic engineering. The substrate is now character-
ized by sediments with large stones (Friedl & Kerschbau-
mer, 2000). The macrozoobenthos biodiversity here is
generally not as high as in the Danube (Moog et al., 1995).
In the Drau, insect larvae prevailed (caddisflies, mayflies),
and the two gammarid species here played only a
secondary role as food items for the barbel and
as intermediate hosts for acanthocephalans (Friedl &
Kerschbaumer, 2000).

The diversity and dominance indices were calculated
for the total component communities of helminths and for
the intestinal component community (tables 2 and 3).

The calculation of indices without P. laevis yields a
completely different picture showing that one dominant
species can change the results totally. The present study
confirmed the statement that parasite communities of
freshwater fish generally show a low diversity and thus
exhibit a high dominance by a single species (Kennedy
et al., 1986).
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