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The pumpkinseed, Lepomis gibbosus Linnaeus (Centrarchidae), was introduced into the Europe
from North America in late 19th century. In this study, we examine monogenean parasites of L.

gibbosus from the River Durance in France. We found seven parasite species introduced together
with the host: Actinocleidus recurvatus, A. oculatus, Onchocleidus similis, O. dispar, O. acer, Clei-
dodiscus robustus (Ancyrocephalidae) and Gyrodactylus macrochiri (Gyrodactylidae). Early diporpa
(Diplozoidae), accidentally attached to the gills, represent a single parasite species acquired within
the area of introduction. Three species, O. acer, C. robustus and G. macrochiri, are reported from

Europe for the first time.
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Introduction

The pumpkinseed, Lepomis gibbosus Linnaeus (Centrarchidae) is
native to the eastern part of North America. The species is one of
the most successfully introduced freshwater fish species, having
now spread throughout the European mainland. Since its introduc-
tion, L. gibbosus has become established in at least 28 countries
in Europe and western Asia (Copp & Fox, 2007). It was first intro-
duced into France from Canada in 1877 as an ornamental aquar-
ium and garden pond fish (Arnold, 1990). At present, the species
occurs in the Lower Rhone, from the River Sadne to the River
Isere and in the River Durance (Olivier, 2009).

To date, occurrence of five monogenean species has been re-
ported from European populations of L. gibbosus: ancyrocepha-
lids Onchocleidus similis Mueller, 1936; O. dispar Mueller, 1936
(classification based on Beverley-Burton & Klassen, 1990); Actino-
cleidus recurvatus Mizelle and Donahue, 1944; and A. oculatus
(Mueller, 1934), all introduced together with the fish host (e.g. Galli
et al., 2005). In addition, a gyrodactylid Gyrodactylus sp. from the
laevis/prostae group was most probably acquired in the species’
new range (Ondrackova et al., 2011). Both Onchocleidus species
also carry the generic synonyms Urocleidus and Cleidodiscus
(Mizelle & Hughes, 1938; Price & Mure, 1969), while O. dispar also

has a third synonym Haplocleidus dispar, Mueller, 1937. Presence
of monogeneans in parasite communities of European L. gibbosus
has been confirmed in the Danube River Basin (Roman, 1953;
Kiskaroly, 1977; Grupcheva & Nedeva, 1999; Ondrackova et al.,
2011), and in ltaly (Galli et al., 2005) and France (Lambert, 1979).
They have also been recorded in newly established populations
in colder regions such as Norway (Sterud & Jargensen, 2006) or
England (Hockley et al., 2011). On the other hand, monogenean
parasites were absent at some other sites, such as the warm-wa-
ter discharge canal of the Szczecin Power Plant in the Oder River
Basin, Poland (Piasecki & Falandysz, 1994), or in the River Elbe
near the city of Pardubice, Czech Republic (Ondrackova, unpub-
lished data).

Despite its relatively wide distribution and established presence
in many parts of Europe, our knowledge about the parasitic fau-
na of L. gibbosus remains relatively poor. In this study, we focus
on the monogenean parasites of L. gibbosus in France, collected
from the region of primary introduction, where the host species has
been established for more than a hundred years.

Materials and Methods

Lepomis gibbosus were sampled by electrofishing from a small
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backwater of the River Durance near the village of Pertuis, France
(43°40°07.8"N, 5°29'16.5"E). Fish were collected at sites of 30-
50 cm depth and almost zero velocity. Twelve specimens were
collected, seven in June 2007 and five in September 2010. The
fish were transported alive in aerated river water to the labora-
tory and individually sacrificed prior to dissection within 24 h of
transport. Fish length was measured to the nearest 1 mm and fish
weight to the nearest 1 g (Table 1). The gills, fins and body surface
were then examined for the presence of monogenean parasites.

Table 1. Total weight and total and standard lengths of Lepomis gibbosus
collected in 2007 and 2010 from the River Durance (France)

2007 (N=7) 2010 (N=5)
Mean Range Mean  Range
Total weight (g) 238 (6.5-65 169 (9.7-18)
Total length (mm) 1016 (73-150) 954 (81-111)
Standard length (mm) 829 (60-125) 780 (64-91)

Any parasites found were removed from the host tissue, fixed in a
mixture of ammonium picrate and glycerine (Malmberg, 1970) and
mounted on Canada balsam for further analysis (Lim & Gibson,
2008). Individual parasite species were identified according to the
shape and size of the sclerotised structures of the haptor (anchors,
connective bars and marginal hooks) and reproductive organs
(copulatory organ and vaginal armament) (Beverley-Burton, 1984;
Guseyv, 1985) using an Olympus BX 51 light microscope equipped
with phase contrast and differential interference contrast. Draw-

ings of the haptoral hard structures were produced with the aid of
a drawing attachment and phase-contrast optics. We measured
the haptoral hard structures of 10 individuals per species when-
ever possible. Measurements were taken using the digital image
analysis package Microlmage 4.0 for Windows (Olympus Optical
co., Hamburg, Germany). All measurements are presented in mi-
crometres.

Results

A total of 1261 monogenean parasites were collected, comprising
of seven species from two families. Actinocleidus oculatus; A. re-
curvatus; Cleidodiscus robustus Mueller, 1934; Onchocleidus acer
Mueller, 1936; O. dispar and O. similis (Ancyrocephalidae) were
found on the gills and Gyrodactylus macrochiri Hoffman & Putz,
1964 (Gyrodactylidae) was found on both the gills and fins. In ad-
dition, one diplozoid species in the early larval stage (diporpa with
one pair of clamps) was found on the gills. Unfortunately, it was im-
possible to determine such an early stage larvae to species level.
Monogenean parasites infected L. gibbosus with an overall abun-
dance of 122.7 in 2007 and 80.4 in 2010. Parasite species rich-
ness was slightly higher in 2007 (eight spp.) compared to 2010
(five spp.). Two species (O. similis and A. oculatus) had a maxi-
mum prevalence of 100% and a relatively high abundance, while
four species (O. acer, O. dispar, C. robustus and G. macrochiri)
were generally recorded with low prevalence and abundance (Ta-
ble 2). The morphology and measurements of haptor and copula-
tory organ hard parts of the monogenean species previously found
in Europe (i.e. O. similis, O. dispar, A. oculatus and A. recurvatus)
corresponded to that from the other native and non-native Europe-

C

Fig. 1. Cleidodiscus robustus. A) dorsal anchor; B) ventral anchor; C) dorsal bar; D) ventral bar; E) hooks; F) male copulatory organ.
Scale bar = 20 um (anchors and bars), 10 um (E and F)
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Table 2. Prevalence and mean abundance of monogenean parasites from Lepomis gibbosus collected during sampling in 2007 and 2010
on the River Durance (France)

Prevalence (%)

Mean abundance (range)

2007 2010 2007 2010
Actinocleidus oculatus 100 100 50.7 (10-167) 258 (16-37)
A. recurvarus 714 60 257 (0-85) 44  (0-10)
Onchocleidus similis 100 100 409 (5-173) 50.0 (23-72)

O. dispar 14.3 20
0. acer 14.3 0
Cleidodiscus robustus 57.1 20
Gyrodactylus macrochiri  57.1 0
Diplozoidae fam. sp. 14.3 0

04 (0-1) 02 (0-1)
04 (0-1) 00 0
14 (0-3) 02 (0-1)
36 (0-12) 00 0

01 (0-1) 00 0

an populations (Tables 3 & 4). Three species, C. robustus, O. acer
and G. macrochiri, reported here are for the first time in Europe.
Hence, we present further details on their morphology below.

Cleidodiscus robustus Mueller, 1934 (Fig. 1)

General morphology based on 5 specimens: Adult body 1100-
1600 um long, large and robust compared to most other ancy-
rocephalids from North American freshwater fish. Two pairs of
hamuli of similar shape and dimension; simple transverse bars
not articulating with each other. Marginal hooks of similar size and

A B

shape. Copulatory organ comprised of sclerotised tubular penis
with inflated base and well-sclerotised accessory piece with distal,
finger-like projection and bifid base. Penis is 90 — 95 um long. Va-
gina with proximal spines, opening on left side of body, lead to the
seminal receptacle. Vitellaria coextensive with intestine extends
laterally to body margin.

Measurements for C. robustus from the non-native population of
L. gibbosus in the River Durance are compared with those for a
native population reported by Hanek & Fernando (1972) in Table 3.
Type host: L. gibbosus

C

Fig. 2. Onchocleidus acer. A) dorsal anchor; B) ventral anchor; C) dorsal bar; D) ventral bar; E) hooks; F) male copulatory organ.
Scale bar = 20 ym (anchors and bars), 10 um (E and F)
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Fig. 3. Gyrodactylus macrochiri. i) complex of central hooks with ventral and dorsal bar, scale bar = 20 pm; ii) marginal hook; iii) marginal hook sickles detail,
scale bar =10 ym

Other hosts: L. macrochirus

Specimens deposited: Institute of Parasitology, Biology Centre,
Academy of Sciences of the Czech Republic, v.v.i. Branisovska
31370 05 Ceské Budejovice, Czech Republic (ICPAS; Coll. No.
M-539).

Onchocleidus acer Mueller, 1936 (Fig. 2)

General morphology based on one specimen: Two pairs of ha-
muli, each with flat finger-like projection on inner curve of blade.
Transverse bars not articulating with each other. Marginal hooks
of similar shape but slightly different size. Copulatory organ com-
prised of sclerotised, tubular penis with inflated base and two
spiral filaments supporting voluminous sheath. Lightly sclerotised
vagina has opening on right side of body leading to the seminal re-
ceptacle. Vitellaria coextensive with intestine and extends laterally
to body margin.

Measurements for O. acer from the non-native L. gibbosus popu-
lation in the River Durance are compared with those for a native
population reported by Beverley-Burton & Suriano (1980a) in Ta-
ble 4.

Type host: L. gibbosus

Other hosts: L. auritus, L. macrochirus, L. madinatus, L. megalotis,
L. microlophus

Specimens deposited: IPCAS M-538

Gyrodactylus macrochiri Hoffman & Putz, 1964 (Fig. 3)

General morphology based on 10 specimens: Body is small,
elongate, comprising of prohaptor and opisthaptor. Hamuli with
elongate superficial root. Marginal hook sickles crescent-shaped.
Proper sickle arises from base slightly forward and curves regular-
ly. Base shows distinct heel. Anterolateral processes of ventral bar
less prominent, projecting laterally. Ventral bar membrane of wide
tongue shape.

Measurements for G. macrochiri from the non-native L. gibbosus
population in the River Durance are compared with those for a
native population reported by Hanek & Fernando (1971) in Table 5.
Type host: L. macrochirus

Other hosts: Cottus bairdii, L. cyanellus, L. gibbosus, L. gulosus, L.
humilis, L. punctatus, Micropretus dolmieui, M. salmoides
Specimens deposited: IPCAS M-540

Discussion

In its native range, L. gibbosus hosts a wide spectrum of mono-
genean parasites, including 11 valid Ancyrocephalidae species
and two Gyrodactylidae species (Beverley-Burton, 1984; Hoffman,
1998). Despite L. gibbosus being present in Europe for more than
100 years (Welcomme, 1981), its monogenean fauna remains
relatively poor, with just a single species, O. similis, occurring
frequently throughout European populations. To date, five mono-
genean species (four ancyrocephalids and one gyrodactylid) have
been reported from L. gibbosus in Europe. Four ancyrocephalids,
A. oculatus, A. recurvatus, O. similis, O. dispar, were introduced
into Europe together with their host L. gibbosus (Gusev, 1985;
Galli et al., 2005; Hockley et al., 2011; Ondrackova et al., 2011).
The single undetermined Gyrodactylus sp. (of the prostae/laevis
group) found was probably acquired in its new range (Ondrackova
etal., 2011). This extremely rare occurrence of parasite acquisition
indicates a low susceptibility to the local monogenean species by
L. gibbosus. This corresponds with the results of this study from
the River Durance, where the majority of monogenean parasites
recorded were those introduced with the fish host and only one
accidentally attached larval diplozoid was recorded.

All four previously reported ancyrocephalid species from Europe
were also found in this study. Of these, O. similis was the most
frequent species and occurred at highest abundances. This spe-
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Table 5. Measurements of the opisthaptor hard parts (in um) of Gyrodactylus macrochiri from non-native Lepomis gibbosus from the River Durance, with measurements
from its native area of distribution for comparison

G. macrochiri

1 2
Number of parasites measured 10 10
Anchor Total length 63 -69 67.0 - 70.3
Base 45 - 51 50.7-53.5
Inner root 19-22 18.6-21.5
Point 27-30 26.0-28.2
Ventral bar Total length 26-29 26.2-31.1
Total width 13.2-18.3
length membrane 14-18 14.4-17.6
Dorsal bar Total length 23-26 21.3-27.3
Total width 5.7
Marginal hook Total length 35-37 34.5-37.1
Hooklet 8 72-92

1 Hanek and Fernando (1971)
2 This study, River Durance, 2007

cies has been documented in many other European populations
of L. gibbosus, including those from the Danube River Basin (Ro-
man, 1953; Kiskaroly, 1977; Moravec, 2001; Ondrackova et al.,
2011), the River Po (Galli et al., 2005) and the recently established
population in Norwegian ponds (Sterud & Jargensen, 2006). What
is more, O. similis has been repeatedly reported on other intro-
duced fish such as Prussian carp Carassius gibelio Bloch in Bul-
garia (Grupcheva & Nedeva, 1999), indicates on its ability to infect
species other than Centrarchidae. This is in contrast to its native
range, where O. similis appears to be a specific parasite for L. gib-
bosus (Hoffman, 1998).

The hard parts of O. similis from the River Durance appeared to be
a little smaller than those from native North American fish, similar
to the findings of Roman (1953) or Ondrackova et al. (2011) for
the River Danube and its tributaries. European L. gibbosus have
a much slower growth rate and a smaller adult size than those in
the species’ native range (Copp & Fox, 2007). This difference in
host size may provide a good explanation for the smaller size of
O. similis hard parts in European waters. Alternatively, differences
in water temperature between native and non-native range of L.
gibbosus may also explain variation in size of the haptor hard parts
of O. similis.

As in other European studies (e.g. Galli et al., 2005; Sterud & Jar-
gensen, 2006; Ondrackova et al., 2011), abundance of O. dispar
in the River Durance was significantly lower than that for O. similis
(but see Hockley et al., 2011). Just a few specimens were found
in 2007, and only one specimen in 2010. While the species occurs
regularly it has a rare overall occurrence in non-native populations
of L. gibbosus in Europe. Interestingly, O. dispar parasitises its
host at higher frequencies in its native range than O. similis (Bev-
erley-Burton & Suriano, 1981; Wheeler & Beverley-Burton, 1989).
The two Actinocleidus species (A. oculatus and A. recurvatus)
occurred relatively frequently in the River Durance. Both these
species have been commonly documented in southern Europe,

e.g. ltaly (Galli et al., 2005) and southern France (Lambert, 1979).
While A. recurvatus has recently been found in L. gibbosus popu-
lations in the middle River Danube (Croatia, Slovakia; Ondrackova
etal., 2011), occurrence of A. oculatus remains limited to southern
Europe. Compared to A. recurvatus, abundance of A. oculatus
was relatively high in both sampled years. A slightly higher preva-
lence and abundance of A. oculatus over A. recurvatus was also
observed on the River Po in Italy (Galli et al., 2005). In North Amer-
ica, however, A. recurvatus tends to be a frequent species while A.
oculatus occurs relatively rarely (Hanek & Fernando, 1972; Bev-
erley-Burton, 1981).

Three of the monogenean species found in this study, O. acer, C.
robustus (Ancyrocephalidae) and G. macrochiri (Gyrodactylidae),
were recorded in Europe for the first time. Both ancyrocephalid
species occurred only accidentally. Only a one O. acer specimen
was found in 2007 and low prevalence and abundance for C. ro-
bustus was detected in both examined years. In North America
populations, both these species are relatively common (Hoffman
& Putz, 1964; Beverley-Burton & Suriano, 1980a,b; Wheeller &
Beverley-Burton, 1989), suggesting that source populations for
European introduction originated from regions with a relatively low
occurrence of these parasite species. Alternatively, these species
may be less tolerant to conditions occurring during transportation
and acclimatisation in the new area, unlike O. similis, which is
found in almost all European populations of L. gibbosus. Alterna-
tively, as L. gibbosus introductions may be still taking place, these
new parasites may only have been introduced recently. Unfortu-
nately, there is little data available about the sites and years of re-
cent introduction of L. gibbosus in French waterbodies. For a long
time, this non-native fish species has been more-or-less ignored
by parasitologists (except along the Danube River Basin), and this
may also help explain the unexpectedly high monogenean diversi-
ty observed in our relatively small fish samples.
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