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Abstract Parasite communities of introduced fish Neogobius
kessleri Günther (Gobiidae) were studied at five localities in
the Slovak section of the Danube River during 2002–2005.
Thirty-three metazoan parasite species were identified. All fish
were infected with at least two parasite species; most of the
parasite species were generalists. At all sampling sites, high
susceptibility to local parasites was observed. The parasite
community was dominated by three parasite species: glochidia
of Anodonta anatina, larval or subadult acanthocephalan
Pomphorhynchus laevis, and larval nematode Raphidascaris
acus. The infection of both A. anatina and P. laevis was
affected by season and habitat type, with higher abundance in
spring and more frequent occurrence of A. anatina in side
channels and P. laevis in main river channels. At both the
component and infracommunity levels, a more diverse
parasite community was found in side channels. This habitat
was dominated by actively transmitted parasites, whilst
endoparasites were more abundant in fish from the main river
channel. Larval stages of parasites dominated the endoparasite
community at all sampling sites. The introduced N. kessleri
was used as intermediate host for most of the recorded
parasites, in some cases also as a paratenic host. Finally, the
importance of gobies as suitable hosts for local non-native
parasite species (Anguillicoloides crassus, Anodonta woodina,
Hydrozetes lacustris) is discussed.

Introduction

In recent decades, the introduction of Ponto-Caspian gobies
within Europe has been one of the most impressive fish
introductions ever witnessed. In the Danube River, four
Ponto-Caspian gobies began to expand upstream of their
previously native distributions: Bighead goby, Neogobius
kessleri, round goby, Neogobius melanostomus, monkey
goby, Neogobius fluviatilis and racer goby, Neogobius
gymnotrachelus all appeared in the middle Danube since
the 1990s (Jurajda et al. 2005; Wiesner 2005). Bighead goby
was the first Neogobius species recorded in 1996 in the
Slovak section of the Danube River (Stráňai 1997), and until
2004, this species had the widest density and distribution
among the four Neogobius species (Jurajda et al. 2005).

Aquatic introductions are known to be facilitated by a
range of factors, including species-specific traits as well as by
human activities such as river regulation, the connection of
contiguous basins by canals or ballast transport (Grigorovich
et al. 2003). In general, most introductions are unsuccessful
and only a minority of introduced species establishes stable
populations. Several life history traits have been associated
with successful invaders, and the success of introduced
species may be facilitated also by escapement from the
effects of natural predators and parasites (Torchin et al.
2003). According to the parasite/predator escape hypothesis,
a host may profit from this favourable situation, attaining
higher population densities and greater individual sizes in the
colonised areas as compared to conspecifics in their native
range (Torchin et al. 2001).

In the present study, the parasite community structure of
the bighead goby is reported from five different sites in the
Slovak section of the Danube River system where this
introduced fish species has reached high densities and is an
important component of the local fish community (Jurajda

Parasitol Res (2009) 105:201–208
DOI 10.1007/s00436-009-1384-2

M. Ondračková (*) : P. Jurajda
Institute of Vertebrate Biology AS CR, v.v.i.,
Květná 8,
60365 Brno, Czech Republic
e-mail: audrey@sci.muni.cz

M. Ondračková :M. Dávidová : R. Blažek :M. Gelnar
Department of Botany and Zoology, Faculty of Science,
Masaryk University,
Kotlářská 2,
61137 Brno, Czech Republic



et al. 2005). Preliminary results demonstrated a relatively
low parasite load in introduced populations compared to
native bighead goby populations. Despite the low parasite
species richness in introduced populations, parasite com-
munity structure of bighead goby indicated the possible
importance of this fish species as the intermediate or
paratenic host for several local parasites (Ondračková et
al. 2005). The importance of gobies as hosts and trans-
mitters of different parasite species has already been
described by Zander et al. (1993) in the Baltic Sea.
Therefore, this study focuses on the incorporation of a
new host into the local host–parasite system.

Materials and methods

During 2002–2005, eight fish samples comprising 261
specimens of N. kessleri were collected by electrofishing
from five locations in the Slovak section of the Danube
River representing two habitat types: (1) side channels, sites
named as Bačianske and Bodícke and (2) main river
channels, sites named as Váh River (near the confluence

with the Danube River), the Old and New channels of the
Danube River located near the Gabčíkovo dam (Fig. 1).
Side channels are separated from the main channel by the
semi-permeable structure composed of the large boulders
with some concrete fillings and represent a habitat of
backwater (minimum or no current). Main river channels
represent a habitat of flowing water. The fish were sampled
in spring (April) and autumn (October) in the Bačianske
side channel and in both New and Old channels of the
Danube River. Only one sample was taken from Bodícke
side channel (spring) and Váh River (autumn, see Table 1).
Live fish were transported to a nearby field station near the
village of Gabčíkovo. In the laboratory, all fish were
measured (SL - standard length, to the nearest millimetre)
and examined under binocular microscope for the presence
of metazoan parasites according to standard protocols.
Collected parasites were preserved in either 4% formalde-
hyde (Acanthocephala, Digenea, Cestoda, Bivalvia, Crus-
tacea, Acarina) in a mixture of ammonium picrate and
glycerine (Monogenea) or in a mixture of glycerine and
alcohol (Nematoda). Parasites were examined using a light
microscope (Olympus BX 50) equipped with phase
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contrast, differential interference contrast (DIC according to
Nomarski), measured using Image Analysis Systems (Lucia
5.0) and identified according to Yamaguti (1971), Gussev
(1985), Bauer (1987), Moravec (1994) and Niewiadomska
(2003).

Parasite community composition was tested for associ-
ation with habitat type (pooled data for side channels and
main river channels) and season (spring and autumn).
Autogenic/allogenic species were characterised according
to Esch and Fernández (1993). Regarding the mode of
transmission, parasite species were separated into two
groups: passively transmitted parasites, achieved by the
host via ingestion (most of the endoparasites), and actively
transmitted parasites, which either penetrate the fish host
(larval digenean) or attach the surface of fish host
(ectoparasites). Furthermore, we classified endoparasites
in respect to their maturity stage, as larval or adult parasites.
Larval parasites comprised a group of parasites of which
the fish host (N. kessleri) served as the intermediate host
(denoted as larval IMH). This group included metacercariae
of digenean and larval cestodes. The second group
comprised parasites of which the fish host served as the
paratenic host (denoted as larval PH). This group included
subadult Pomphorhynchus laevis and encysted larval
nematodes Streptocara crassicauda, Raphidascaris acus,
Eustrongylides excisus and Anguillicoloides crassus.

Parasite infection was characterised according to Bush et
al. (1997). Classification of core/satellite species follows
Esch and Fernández (1993). For data analyses, all abun-

dance data were log(x+1)-transformed and all percentage
data (proportion of larval parasites in the infracommunity)
were arcsin(x)-transformed. Non-parametric tests were used
when data were not normally distributed after transforma-
tion. The relationship between parasite abundance and fish
length (SL) was tested via Pearson correlations. The
Wilcoxon matched pairs test was used to compare parasite
abundances or species richness within infra-communities
(ecto- vs. endoparasites, larval vs. adult parasites, actively
vs. passively transmitted parasites, autogenic vs. allogenic
parasites). Analysis of covariance (with fish length as a
covariate) was used to compare parasite abundance among
the fish samples tested. General linear models factorial
analysis of variance (ANOVA) was used for analysis of the
effect of habitat and season as categorical variable and fish
standard length as continuous variable on abundance of
dominant parasite species. Statistical analyses were per-
formed using Statistica 7.0, StatSoft.

Results

All fish were infected with at least two parasite species per
fish. Thirty-three metazoan parasite species were observed
in total (Table 2). Six parasite taxa occurred at all sampling
sites: metacercariae of Diplostomum spp. and Tylodelphys
clavata, adult digenean Nicolla skrjabini, larval nematode
R. acus, acanthocephalan P. laevis and glochidia of
Anodonta anatina. Fish length differed among sampling

Table 1 Number of examined fish, standard length (mean, SD, min–max), total prevalence, abundance and mean intensity of parasite infection,
component community and mean infracommunity richness and association of fish length (SL) and intensity of parasite infection

Danube River—New
channel

Danube River—Old
channel

Váh River Bodícke side
channel

Bačianske side
channel

Spring Autumn Spring Autumn Autumn Spring Spring Autumn

N 32 36 20 47 31 17 43 35

SL (mm); mean ± SD 112.7±7.9 101.8±12.5 107.3±21.8 88.0±19.1 101.4±6.7 94.5±30.2 88.0±20.9 88.2±23.5

SL (mm); min–max 89–126 64–120 58–131 46–119 88–114 48–140 57–136 53–140

Total prevalence 100 100 100 100 100 100 100 100

Total abundance 1,703 972 1,572 3,471 3,912 3,248 4,516 1,373

Mean intensity 53.2 27.0 78.6 72.3 126.2 191.1 105.0 39.2

Intensity range (min–max) 23–194 4–127 20–210 3–183 39–234 7–1036 13–610 7–139

Component community richness 12 11 17 15 12 18 23 18

Mean infracommunity
richness (min–max)

5.4 (3–9) 3.5 (2–7) 5.5 (3–8) 4.1 (2–7) 3.5 (2–6) 5.2 (2–9) 5.2 (2–9) 4.9 (2–9)

Association of SL and
intensity of infection a

0.52* 0.17 0.19 0.83** 0.34 0.72* 0.30 0.51*

Association of SL and
infracommunity richness a

0.46* 0.08 0.04 0.55** −0.15 0.78** 0.17 0.67**

*p<0.01, **p<0.001
a Values represent correlation coefficients of the Pearson correlation test, asterisks indicate the p values
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Table 2 Prevalence (P) and mean abundance (A) of metazoan parasites infecting N. kessleri in the Slovak stretch of the Danube River

Danube River - New
channel

Danube River - Old
channel

Váh River Bodícke side
channel

Bačianske side
channel

Spring Autumn Spring Autumn Autumn Spring Spring Autumn
P (A) P (A) P (A) P (A) P (A) P (A) P (A) P (A)

Monogenea

Gyrodactylus proterorhini 75 (6.41) 17 (0.19) 90 (13.25) 2 (0.06) 3 (0.03) 23 (1.04) 3 (0.06)

Gyrodactylus sp. 1 24 (0.35) 2 (0.02)

Gyrodactylus sp. 2 4 (0.04)

Gyrodactylus sp. 3 2 (0.02)

Acanthocephala

Acanthocephalus lucii 4 (0.19) 9 (0.09)

Pomphorhynchus laevis (SA) 100 (13.69) 94 (7.78) 80 (11.5) 100 (40.68) 100 (37.26) 71 (3.24) 74 (7.89) 26 (3.6)

Cestoda

Triaenophorus crassus (PL) 15 (0.3) 4 (0.04) 35 (0.94) 23 (0.34) 43 (1.86)

Cestoda sp. 5 (0.05) 12 (0.18) 9 (0.19) 11 (0.43)

Trematoda

Apatemon cobitidis proterorhini (MTC) 3 (0.03) 3 (0.03) 3 (0.06) 12 (0.12) 4 (0.04) 6 (0.29)

Apophalus donicus (MTC) 3 (0.06) 2 (0.02)

Bucephalus polymorphus (AD,MTC) 3 (0.03) 3 (0.03)

Diplostomum spp. (MTC) 78 (5.59) 58 (1.97) 40 (1.15) 57 (1.3) 16 (0.16) 94 (15.53) 55 (4.32) 77 (4.49)

Holostephanus cobitidis (MTC) 3 (0.03) 2 (0.02) 24 (1.12) 34 (7.06) 9 (0.20)

Metorchis xanthosomus (MTC) 3 (0.03)

Nicolla skrjabini 41 (0.81) 31 (4.42) 65 (11.20) 45 (1.00) 55 (2.65) 6 (0.82) 2 (0.02) 11 (0.11)

Tylodelphys clavata (MTC) 34 (5.22) 28 (1.89) 5 (1.3) 23 (0.30) 6 (0.10) 12 (0.30) 30 (2.51) 60 (4.71)

Tylodelphys sp. (MTC) 5 (0.85)

Nematoda

Anguillicoloides crassus (L3) 13 (0.16) 3 (0.03) 10 (0.10) 2 (0.02) 6 (0.12) 6 (0.06) 20 (0.26)

Camallanus lacustris (AD,L3) 3 (0.03) 6 (0.06)

Camallanus truncatus (AD) 2 (0.02)

Eustrongylides excisus (L3) 6 (0.06) 9 (0.09) 9 (0.11)

Pseudocapillaria salvelini (AD) 3 (0.03)

Pseudocapillaria tomentosa (AD,L4) 10 (0.15) 2 (0.02) 6 (0.06) 12 (0.58)

Raphidascaris acus (L3) 100 (15.31) 89 (9.33) 95 (16.20) 74 (4.55) 52 (0.87) 65 (11.18) 83 (8.36) 83 (3.66)

Schulmanella petruschewski (L4) 6 (0.24)

Streptocara crassicauda (L3) 13 (0.28) 3 (0.03) 10 (0.20) 2 (0.20) 3 (0.03)

Bivalvia

Anodonta anatina 81 (5.59) 19 (1.28) 95 (21.00) 94 (25.62) 100 (85.0) 94 (154.9) 87 (63.26) 94 (19.03)

Anodonta woodiana 3 (0.09) 5 (0.25) 2 (0.11)

Pseudoanodonta complanata 5 (1.00)

Unio tumidus 5 (0.05) 6 (0.06) 6 (1.35)

Acarina

Hydrozetes lacustris 5 (0.05)

Crustacea

Argulus foliaceus 18 (0.24) 2 (0.02)

Ergasilus sieboldi 4 (0.04) 24 (0.35) 2 (0.02) 20 (0.26)

SA subadult stage, PL plerocercoid, MTC metacercariae, AD adult, L3 third-stage larva, L4 fourth-stage larva
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sites [ANOVA; F(7,253)=9.0, p<0.001], with fish from main
river channel sites tending to be larger than fish from side
channel sites. A positive association between fish length
and both the total parasite abundance (r=0.38, p<0.001)
and infracommunity richness (r=0.34, p<0.001) was
observed. The highest parasite abundance was found in
fish from Váh River and Bodícke side channel; the less
parasitised fish were observed in autumn samples of
Bačianske side channel and the New channel of the Danube
River (analysis of covariance, ANCOVA; F(7,252)=22.3; p<
0.001; post hoc Fisher least significant difference (LSD)
test]. The species richness in main channel habitat (25 spp.)
was insignificantly lower to that of side channels (28 spp.).
Mean infracommunity richness was significantly higher in fish
from side channels and main channel spring samples as
compared to autumn samples of main channel fish [ANCOVA;
F(7,252)=12.4; p<0.001; post hoc Fisher LSD test].

Three parasite species reached prevalence over 50%
(core species) in seven (P. laevis and A. anatina) or eight
samples (R. acus, see Table 2), and these parasites
represented 84% of all specimens in the metazoan parasite
community. Glochidia of A. anatina and acanthocephalan
P. laevis reached higher abundances in spring samples, and
no effect of season on R. acus abundance was found.
Whilst A. anatina was more abundant in side channels,
P. laevis dominated in main river channel samples, and this
was consistent in both seasons. No effect of habitat type on
R. acus abundance was found (Table 3).

Nine species of autogenic parasites and 24 species of
allogenic parasites occurred in the parasite community of
N. kessleri (Table 2). Autogenic parasites dominated in both
main river channel and side channel habitats independent of
season (Wilcoxon pair test, p<0.001; Fig. 2a). Regarding
actively versus passively transmitted parasites, the abun-
dance of actively transmitted parasites was significantly
higher in fish from side channels (t tests; p<0.001). No
differences in parasite abundance between actively and
passively transmitted parasites were observed in fish from
main river channel habitats (Wilcoxon pair test; p>0.1;
Fig. 2b).

In general, infracommunity species richness was signif-
icantly higher in endoparasites than in ectoparasites in both
main river channel and side channel habitats independent of
season (t test; p<0.001). In a similar manner as for
infracommunity richness, the abundance of endoparasites
was significantly higher, but only in fish both from main
river channels (t test, p<0.001). No differences between
ecto- and endoparasite abundance in fish from side
channels were affected by high abundance of A. anatina;
after removing this parasite species from the analysis,
significantly higher abundance of endoparasites were also
found in side channels (t test, p<0.001). Among endopar-
asites, only 6.5% of parasite individuals (belonging to eight

species) were found in the adult stage, whilst the rest of the
parasites occurred in larval or subadult stages (detailed in
Table 2). Within the two groups of larval parasites
established, larval IMH comprised 27% and larval PH
comprised 73% of the individuals observed. Abundance of
larval PH parasites was significantly higher than abundance
of larval IMH parasites in main river channel samples
(Wilcoxon pair test, p<0.001), whereas no difference in
spring and dominance of larval IMH parasites in autumn
were found in side channels (Wilcoxon pair test, p<0.05;
Fig. 2c).

Discussion

This study presents an extensive investigation of metazoan
parasites infecting N. kessleri, one of the most abundant
gobies recently introduced into the Middle Danube River.
The parasite community of N. kessleri reveals surprisingly
high species richness (33 species), compared to 17 species
found in their native range, the Bulgarian stretch of the
Danube River (Ondračková et al. 2006) - the most probable
source of introduction - and also compared to four parasite
species found in the Hungarian stretch of the Danube River
(Molnár 2006) and seven parasite species from the Hron
River, a Danubean tributary (Ondračková et al. 2005), both

Table 3 Results of GLM factorial ANOVA on the effect of fish length
(SL), season (spring and autumn) and habitat (main river channel and
side channel) on the abundance of three dominant parasite species
infecting N. kessleri in the Slovak stretch of the Danube River

Df F p

Anodonta anatina

SL 1 3.43 0.065

Season 1 20.52 <0.001

Habitat 1 19.04 <0.001

Season × habitat 1 0.06 0.812

Error 256

Pomphorhynchus laevis

SL 1 10.83 0.001

Season 1 10.54 0.001

Habitat 1 127.634 <0.001

Season × habitat 1 14.65 <0.001

Error 256

Raphidascaris acus

SL 1 67.92 <0.001

Season 1 0.37 0.545

Habitat 1 0.42 0.517

Season × habitat 1 7.50 0.007

Error 256
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non-native areas. All native parasite species with the
exception of two parasites (Proteocephalus sp. larva,
Pseudochetosoma salmonicola), both with rare occurrence
in the native range (Ondračková et al. 2006), were also
found in the non-native range of N. kessleri in the present
study. However, most of the species found in the Slovak
stretch of the Danube River belong to local parasites

(Moravec 2001), and therefore, a possible introduction of
parasites from the native area to the Middle Danube is
ambiguous and needs further investigation based on
molecular analyses of parasites.

Six parasite taxa which were found at all sampling sites -
two larval trematodes parasitising fish eyes, Diplostomum
spp. and T. clavata; adult trematode N. skrjabini; larval
nematode R. acus; acanthocephalan P. laevis and glochidia
of A. anatina - infect a wide range of freshwater fishes (see
Moravec 2001) and were also found in N. kessleri in its
native range (Ondračková et al. 2006). Three of these
frequently present parasites occurred as core species in the
parasite community. Glochidia of A. anatina dominated in
both habitats, but reached high mean abundances (over 150
glochidia per fish in Bodícke side channel) particularly in
side channels. High infection parameters of this species
affected the proportion of actively and passively transmitted
parasites and also the proportion of endo- and ectoparasites,
especially in side channels. Unionid mussels exhibited
seasonal dynamics in releasing the glochidia; glochidia of
A. anatina are found on fish during cold months of the year,
especially in autumn and spring (Blažek and Gelnar 2006).
Therefore, the sampling in late autumn and early spring
probably influenced the measure of glochidia occurrence.
Consequently, high prevalence and abundance of A. anatina
glochidia reflected the seasonal dynamics of this species.
Nevertheless, high susceptibility of N. kessleri to glochidia
of A. anatina is indisputable.

The acanthocephalan P. laevis was the second core
parasite species, highly prevalent but with lower mean
abundance (maximum 40 individuals per fish in Old
channel of the Danube River). Similarly as in its native
range, most of the P. laevis specimens were found as
subadults encysted in a thin wall, located on the surface of
the intestine and other internal organs or in the peritoneal
cavity. Penetration through the intestine and encystation in
the peritoneal cavity of P. laevis and some other acantho-
cephalan species has been described for several small-
bodied fish species (Moravec and Scholz 1991; Szekely et
al. 1996), and in such cases, infected fish can serve as
paratenic hosts. Ponto-Caspian gobies have been reported
as common hosts for P. laevis in both their native range
(Kakacheva-Avramova 1983; Ondračková et al. 2006) and
non-native range (Ondračková et al. 2005; Molnár 2006;
Kvach and Skóra 2007), and therefore, the high infection
rates in the newly colonised range of N. kessleri is not
surprising.

Whilst gobies were infected with larval R. acus only
rarely in other studies in the Danube basin - e.g. Protero-
rhinus marmoratus in the South Moravian Reservoir
(Koubková and Baruš 2000) and N. fluviatilis in Hungarian
(Molnár 2006) or N. kessleri in the Bulgarian (Ondračková
et al. 2006) stretch of Danube - this parasite occurred as a
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third core species in the Slovak region of the Danube River,
and its prevalence was high in both side channel and main
river channel habitats. Similar results were also found for
other goby species (N. fluviatilis and N. melanostomus)
introduced into this region, indicating that gobies are
suitable intermediate or paratenic hosts for R. acus
(Ondračková et al. 2005).

Among the parasites with complex life cycles, gobies
serve frequently as the second intermediate hosts (Zander et
al. 1993). This was also described as a common event for
new host-parasite systems in the non-native range of goby
distribution when gobies are adopted as new suitable
intermediate hosts for local parasites (Camp et al. 1999;
Kvach and Skóra 2007; Kvach and Stepien 2008).
Moreover, gobies may serve as a paratenic host in the case
of larval P. laevis located in the abdominal cavity on the
surface of various internal organs (see Moravec and Scholz
1991; Szekely et al. 1996).

In this study, the majority of parasites infecting N. kessleri
were found in the larval stage. Although most of the parasite
species used N. kessleri as the intermediate host, high
abundance of extraintestinally located larval/subadult
P. laevis in main river channel habitats influenced the
proportion of parasites in the community in the term of
N. kessleri as intermediate or paratenic host (Fig. 2c). On the
other hand, the abundance of parasites using N. kessleri as
the intermediate or paratenic host was comparable in side
channels because of the high proportion of larval trematodes
in the parasite community. The differences in parasite
infection between habitats are associated with the presence
of the first intermediate hosts for particular parasites:
Amphipods were more abundant in lotic waters for P. laevis
and aquatic snails and more abundant in lentic waters for
trematodes. N. kessleri inhabits fresh and brackish waters
and has a preference for the lower courses of rivers and lakes
with perceptible current (Miller 2003). Parasite species
richness was higher in N. kessleri collected in side channels,
and so was the proportion of new parasites for this fish host.
Inhabiting an unfamiliar environment and moreover in a new
area likely equated to an increased risk of infection with high
numbers of new parasites for this fish species.

In terms of parasite colonisation, two categories of fish
metazoan parasites are distinguished: autogenic species
which mature in fish and allogenic species which mature
in vertebrates other than fish and are expected to have a
greater colonisation potential than parasites using freshwa-
ter fishes as final hosts (Esch and Fernández 1993). In
contrast to these expectations, autogenic parasites dominat-
ed over allogenic parasites of N. kessleri in the Middle
Danube. Only a few allogenic species occurred in the
parasite community, all having relatively low abundance
and prevalence (with the exception of eye flukes), similar to
the native range (Ondračková et al. 2006). Low infection by

allogenic species was also found in introduced N. mela-
nostomus in Poland (Kvach and Skóra 2007).

Besides the common local parasites, N. kessleri was also
parasitised by three introduced species: larval nematode
A. crassus, glochidia of Anodonta woodiana and acarinid
Hydrozetes lacustris. According to Székely (1996), gobiids
are suitable paratenic hosts for A. crassus. Infection of
Ponto-Caspian gobies with this parasite was also docu-
mented in introduced populations in Poland (Rokicki and
Rolbiecki 2002; Kvach and Skóra 2007). However,
relatively low infection parameters found in their fish and
in the present study indicate that the importance of gobies
in A. crassus life cycle is only marginal, and even high
abundances of gobies do not seriously affect the infection
rate in the definitive host, European eel Anguilla anguilla.
The Chinese pond mussel (A. woodiana) was found outside
its native range (Eastern Asia) in several European
countries during recent decades. The rapid spread and mass
occurrence of this mussel has been reported from several
areas in the Danube basin, especially along the Middle
Danube (Paunovic et al. 2006). The increased abundance of
fertile mussels is reflected in the findings of its glochidia
attached to the fish. However, in a similar manner as in
A. crassus, the infection rate was low and did not represent
a significant risk to the local fauna, but the importance of
gobies as transmitters of this parasite should be considered.
Only one specimen of H. lacustris, most probably an
accidental finding, was recorded. This parasite sporadically
occurs in the Danube River basin (Navrátil 1991); hence,
this parasite is assumed to have low importance for the
local fish fauna.

In conclusion, N. kessleri, a Ponto-Caspian goby which
appeared in the Middle Danube in the 1990s (summarised
in Jurajda et al. 2005), seems to be a suitable host for a high
number of local parasites in its new range. Unusually high
species richness and parasite abundances indicate the
susceptibility of N. kessleri to new parasites, predominantly
those with a wide host range and especially in novel
habitats such as side channels. On the other hand, no
parasite species introduced with the host was recorded, and
low abundances of non-native parasites reveal negligible
impact on local fauna. The structure of parasite community
consisting of a majority of larval parasites indicates the
principal importance of introduced gobies as intermediate
or paratenic hosts for local Danubean parasite fauna.

Acknowledgements This study was supported by the Ichthyopar-
asitology, Centre of Excellence no. LC 522 and Research Project of
Masaryk University no. MSM 0021622416. We would like to thank
Jaroslav Černý for help with fish sampling, Martina Pečínková,
Zdenka Valová, Markéta Dušková and Iveta Matějusová for help with
parasitological dissections, František Moravec for help with parasite
identification and Seth M. White for English corrections.

Parasitol Res (2009) 105:201–208 207



References

Bauer ON (1987) A key to the parasites of freshwater fish in Soviet
Union, vol 3, Metazoan parasites II. Nauka, Leningrad

Blažek R, Gelnar M (2006) Temporal and spatial distribution of
glochidial larval stages of European unionid mussels (Mollusca:
Unionidae) on host fishes. Folia Parasitol 53:98–106

Bush AO, Lafferty KD, Lotz JM, Shostak AW (1997) Parasitology
meets ecology on its own terms: Margolis et al. revisited. J
Parasitol 83:575–583

Camp JW, Blaney LM, Barnes DK (1999) Helminths of the round
goby, Neogobius melanostomus (Perciformes: Gobiidae), from
Southern Lake Michigan, Indiana. J Helminthol Soc Washington
66:70–72

Esch GW, Fernández JC (1993) A functional biology of parasitism.
Chapman & Hall, London

Grigorovich IA, Colautti RI, Mills EL, Holeck K, Ballert AG,
MacIsaac HJ (2003) Ballast-mediated animal introductions in
the Laurentian Great Lakes: retrospective and prospective
analyses. Can J Fish Aquat Sci 60:740–756

Gussev AV (1985) A key to the parasites of freshwater fish in Soviet
Union, vol 2, Monogenea. Nauka, Leningrad

Jurajda P, Černý J, Polačik M, Valová Z, Janáč M, Blažek R,
Ondračková M (2005) The recent distribution and abundance of
non-native Neogobius fishes in the Slovak section of the River
Danube. J Appl Ichthyol 21:319–323

Kakacheva-Avramova D (1983) Helminths of freshwater fishes in
Bulgaria. Publishing House of the Bulgarian Academy of
Sciences, Sofia

Koubková B, Baruš V (2000) Metazoan parasites of the recently
established tubenose goby (Proterorhinus marmoratus: Gobii-
dae) population from the South Moravian reservoir, Czech
Republic. Helminthologia 37:89–95

Kvach Y, Skóra KE (2007) Metazoa parasites of the invasive round
goby Apollonia melanostoma (Neogobius melanostomus) (Pallas)
(Gobiidae: Osteichthyes) in the Gulf of Gdansk, Baltic Sea,
Poland: a comparison with the Black Sea. Parasitol Res 100:767–
774

Kvach Y, Stepien C (2008) The invasive round goby Apollonia
melonostoma (Actinopterygii: Gobiidae)—a new intermediate host
of the trematode Neochasmus umbellus (Trematoda: Cryptogoni-
midae) in Lake Erie, Ohio, USA. J Appl Ichthyol 24:103–115

Miller P (2003) The freshwater fishes of Europe, vol 8/I Mugilidae,
Atherinidae, Atherinopsidae, Blenniidae, Odontobutidae, Gobii-
dae 1. Aula, Wiebelsheim

Molnár K (2006) Some remarks on parasitic infections of the invasive
Neogobius spp. (Pisces) in the Hungarian reaches of the Danube
River, with a description of Goussia szekelyi sp.n. (Apicomplexa:
Eimeriidae). J Appl Ichthyol 22:395–400

Moravec F (1994) Parasitic nematodes of freshwater fishes of Europe.
Academia, Prague

Moravec F (2001) Checklist of the metazoan parasites of fishes of the
Czech Republic and the Slovak Republic (1873–2000). Acade-
mia, Prague

Moravec F, Scholz T (1991) Observations on the biology of
Pomphorhynchus laevis (Zoega in Müller, 1776) (Acantocephala)
in the Rokytná River, Czech and Slovak Federative Republic.
Helminthologia 28:23–29

Navrátil S (1991) Parasitoses in the fry of selected freshwater fish
species under the conditions of stripping and rearing. Acta Vet
Brno 60:357–366

Niewiadomska K (2003) Parasites of fish in Poland (Digenea). Polskie
Towarzystwo Parazitologiczne, Warsaw

Ondračková M, Dávidová M, Pečínková M, Blažek R, Gelnar M,
Valová Z, Černý J, Jurajda P (2005) Metazoan parasites of
Neogobius fishes in the Slovak section of the River Danube. J
Appl Ichthyol 21:354–349

Ondračková M, Trichkova T, Jurajda P (2006) Present and historical
occurrence of metazoan parasites in Neogobius kessleri (Gobii-
dae) in the Bulgarian section of the Danube River. Acta Zool
Bulg 58:399–406

Paunovic M, Csányi B, Simic V, Stojanovic B, Cakic P (2006)
Distribution of Anodonta (Sinanodonta) woodiana (Rea, 1834) in
inland waters of Serbia. Aquat Inv 1:154–160

Rokicki J, Rolbiecki L (2002) Colonization of the round goby,
Neogobius melanostomus (Gobiidae) parasites in the new
environment of the Gulf of Gdaňsk (Southern Baltic). Wiadom
Parazyt 48:197–200

Stráňai I (1997) Neogobius kessleri in the Danube River. Hunt Fish
49:33 (in Slovak)

Székely C (1996) Experimental studies on the infectivity of
Anguillicola crassus third-stage larvae (Nematoda) from para-
tenic host. Folia Parasitol 43:305–311

Székely C, Pazooki J, Molnár K (1996) Host reaction in paratenic fish
hosts against 3rd stage larvae of Anguillicola crassus. Dis Aquat
Org 26:173–180

Torchin ME, Lafferty KD, Kuris AM (2001) Release from parasites as
natural enemies: increased performance of a globally introduced
marine crab. Biol Inv 3:333–345

Torchin ME, Lafferty KD, Dobson AP, McKenzie VJ, Kuris AM
(2003) Introduced species and their missing parasites. Nature
421:628–630

Wiesner C (2005) New records of non-indigenous gobies (Neogobius
spp.) in the Austrian Danube. J Appl Ichthyol 21:324–327

Yamaguti S (1971) Synopsis of digenetic trematodes of vertebrates,
vol. I., II. Keigaku, Tokyo

Zander CD, Strohbach U, Groenewold S (1993) The importance of
gobies (Gobiidae, Teleostei) as hosts and transmitters of parasites
in the SW Baltic. Helgol Meeresuntersuch 47:81–111

208 Parasitol Res (2009) 105:201–208


	The interaction between an introduced fish host and local parasite fauna: Neogobius kessleri in the middle Danube River
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


