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Abstract: This paper summarises the results of parasitological examinations of the European eel Anguilla anguilla (Linnaeus) in the
Czech Republic, carried out at the Institute of Parasitology, Czech Academy of Sciences (previously the Czechoslovak Academy of
Sciences) within the period of 50 years (1958-2008). Even though this survey is limited to the Czech Republic, it provides extensive
data probably incomparable with any other study anywhere regarding the number of eels examined and parasites found. A total of 723
eels was examined from 42 localities that belong to all of the three main river drainage systems in the country, i.e. the Elbe, Danube
and Oder river basins. Of the 31 species of adult and larval macroparasites including Monogenea (4 species), Trematoda (3), Cestoda
(3), Nematoda (11), Acanthocephala (5), Hirudinea (1), Bivalvia (1), Copepoda (1), Branchiura (1) and Acariformes (1), most of them
(30) were recorded from the Elbe River basin. These parasites can be divided into three main groups regarding their host specificity:
parasites specific for eels (26%), non-specific adult parasites occurring also in other fishes (61%) and non-specific larvae (13%). The
highest number (19) of parasite species was recorded in the Méacha Lake fishpond system in northern Bohemia. The parasite commu-
nities in eels from the individual localities exhibited large differences in their species composition and diversity depending on local
ecological conditions. The parasite fauna of A. anguilla in the Czech Republic is compared with that in other European countries. The
nematode Cucullanus egyptae Abdel-Ghaffar, Bashtar, Abdel-Gaber, Morsy, Mehlhorn, Al Quraishy et Mohammed, 2014 is designated
as a species inquirenda.
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Until the exotic, highly pathogenic swimbladder
nematode Anguillicoloides crassus (Kuwahara, Niimi et
Itagaki, 1974) was introduced into European populations
of eels Anguilla anguilla (Linnaeus) in the early 1980°s,
there were few helminthological studies on this species
of fish anywhere in the wide freshwater range, irrespec-
tive of the considerable value of the European eel fishery
(Lacey et al. 1982). Since 4. crassus, an agent of anguil-
licoloidosis, has seriously endangered both eel cultures
and natural eel populations in Europe, this parasite has
been intensively studied by European researchers. Along
with the problem of anguillicoloidosis, an increased inter-
est to study the parasite fauna of eels as a whole has also
been evident in some European countries within recent
decades (e.g. Koie 1988, Schabuss et al. 1997, Kennedy
et al. 1998, Borgsteede et al. 1999, Kennedy 2001, Sures
and Streit 2001, Outeiral et al. 2002, Pilecka-Rapacz and
Sobecka 2004, Saraiva et al. 2005, Kristmundsson and
Helgason 2007).

In the Czech Republic (a part of former Czechoslovakia),
where eel is a valuable fish for pond breeding and angling,
data on its parasite fauna are scarce, mostly published in

faunistic and taxonomic papers (e.g. Fri¢ 1873, 1908, John
1877, Sramek 1901, Lucky 1953, Volf and Smisek 1955,
Dyk and Lucky 1956, 1957, 1963, Vojtkova 1959, Ergens
1961, Dyk 1964, Moravec 1966, 1971, 1978, 1979a, 1992,
2001, Ergens and Lom 1970, Par 1980, Moravec and Keie
1987, Scholz and Kepr 1988, Scholz 1989, Gelnar et al.
1990, Moravec and Scholz 1991a, Barus et al. 1996, 1999,
Skorikova et al. 1996, Moravec et al. 1997, Scholz et al.
1997, Tenora et al. 1999, Kodedova et al. 2000, Koubkova
and Baru§ 2000) or in papers dealing with the life cycles
of some helminth species parasitising eels (Moravec 1975,
1996, Moravec et al. 1993, 1994, Scholz 1997, Moravec
and Skorikova 1998). The only paper based on a large
number (132) of examined eels is that of Moravec (1985)
presenting the results of long-term studies on the biol-
ogy and ecology of endohelminths parasitising eels in the
Macha Lake (= Machovo jezero) fishpond system in north-
ern Bohemia, in the period before the three important ex-
otic species of helminth parasites, the nematode 4. crassus
and the monogeneans Pseudodactylogyrus anguillae (Yin
et Sproston, 1948) and P. bini (Kikuchi, 1929), were intro-
duced into Europe.
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Table 1. List of the localities from where eels, Anguilla anguilla (Linnaeus), were examined.

No. Locality

No. of eels examined Year(s) and month(s)

ELBE RIVER BASIN (35 localities)

1 Elbe River near Hiensko 13 1991, 2001, 2005: V, VI, X
2 Kamenice River at Hiensko 8 1978, 1979: VII, XI

3 Plou¢nice River near Ceska Lipa 24 1994: IX

4 Jestédsky Brook near Ralsko 9 2001, 2002: VI, VIII

5 Metuje River near Nachod 5 1994: X

6 Sec¢ water reservoir on the Chrudimka River 1 1975: VIII

7 Ohfe River near Postoloprty 31 1994: X

8 Libogansky Brook near Zatec 1 2000: VI

9 Tepla River at Karlovy Vary 18 1963-1967: 1V, VI, VII, IX, X
10 Podhora water reservoir on the Tepla River near Tepla 16 1988: V

11 Macha Lake fishpond system near Doksy 209 1965-2008: I-XII

12 Vltava River near Zbraslav 13 1988: VII

13 Orlik water reservoir on the Vltava River at Stedronin 117 1994-1997: V, VI, IX-XI
14 Vltava River near Temelin 3 1988: IX, X

15 Lipno water reservoir on the Vitava River 2 1999, 2001: IV, V

16 Upper Vltava River near Lipno (over the Lipno reservoir) 1 1962: X1

17 Olsina Brook near Horni Plana 1 1962: 11

18 Pond Bagr in Ceské Budgjovice 16 1988, 1989: V, VI, VII
19 Pond Jahelnik near Dubné 1 1988: X

20 Sazava River near Chienovice 13 1995: VIII

21 Zelivka River near Dolni Kralovice 9 1966, 1967: V1, VII, X
22 Zelivka water reservoir 31 1988, 1995:V, VI

23 Tisova near Tachov (warm-water aquaculture of eels near the electric power station) 16* 1989: V

24 Stary Brook near Kdyné 22 1994: IX

25 Uhlavka Rivulet near Stiibro 7 1994: 1IX

26 Bilka water reservoir on the Stary Brook near Klatovy 12 1995: vV

27 Otava River near St&dronin 12 1995: VIII

28 Luznice River near Tabor 10 1994: vV

29 Luznice River near Lomnice nad Luznici 11 1964-1987: 11, 111, V-VII
30 Cernovicky Brook near Tabor 1 1978: IX

31 Storage ponds at Tfebon 7 1994: X

32 Pond Pohorka near LiSov 4 1985: X1

33 Pond Komornik near Jindfichiv Hradec 1 1959: vV

34 Pond Saloun near Lomnice nad LuZnici 10 1994: X

35 Malse River near Ceské Budgjovice 1 1984: X1

DANUBE RIVER BASIN (6 localities)

36 Rokytna River near Vémyslice 3 1986, 1987: V, VI

37 Mostisté water reservoir on the Oslava River near Velké Mezitici 25 1995: VvV

38 Frystak water reservoir near Zlin 10 1994: 1IX

39 Kyjovka Rivulet near Kory¢any 11 1994: 1X

40 Pond Domaninsky near Bystfice nad Pernstejnem 1 1958: XI

41 Pond Pod mlynem at Sedlec near Mikulov 9 1995: VI

ODER RIVER BASIN (1 locality)

42 Kruzberk water reservoir on the Moravice River near Kruzberk 8 1996: VI

* small eels two weeks after the import of elvers from England.

Within broad investigations on the helminth parasites of
fishes of the Czech Republic carried out by the researchers
of the Institute of Parasitology, Czech Academy of Scienc-
es (previously the Czechoslovak Academy of Sciences),
originally in Prague and since 1985 in Ceské Budg&jovice
(see e.g. Moravec 2001, 2013), many eels from different
localities were examined during the period of 50 years.
Some few partial results of these parasitological exami-
nations have been published (e.g. Ergens 1961, Moravec
1985, Skorikova et al. 1996), but most of the results ob-
tained remain unpublished, even though they represent im-
portant information about the species composition of the
parasite fauna of eels in the Czech Republic, the distribu-
tion of individual species and the diversity of their com-
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munities in different localities. Based on the high number
of eels examined, this paper presents results of probably
the most comprehensive studies on the parasites of this
important fish. Therefore, the importance of the data ac-
cummulated during 50 years in the Czech Republic goes
much beyond this Central European country.

MATERIALS AND METHODS

This paper is principally based on helminthological examina-
tions of eels Anguilla anguilla from the territory of the Czech
Republic, carried out at the Institute of Parasitology, Czech Acad-
emy of Sciences (previously the Czechoslovak Academy of Sci-
ences) within the period of 50 years (1958-2008). This material
includes macroparasites recorded from 25 eels examined by late
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Fig. 1. Map showing sampling sites in the Czech Republic from where the eels were caught (numbers designate the localities listed in

Table 1).

Dr. Radim Ergens in 1958-1967, those collected by F. Moravec
from 192 eels in the period from 1965-1984 and those collected
from 506 eels by F. Moravec and T. Scholz in 1987-2008. Thus,
a total of 723 eel specimens was examined from 42 localities that
belong to all of the three main river drainage systems in the Czech
Republic (see Table 1 and Fig. 1).

The eels were either caught by electro-fishing by the research-
ers of the Institute or obtained from local fishermen and brought
alive to the laboratory, where they were immediately killed and
examined fresh. The occurrence of helminths was studied in eels
measuring 7-120 cm by the method of a helminthological dissec-
tion with emphasis to endoparasites; the presence of ectoparasites
(monogeneans) was not followed in all eel specimens examined.
The parasites obtained were treated by usual helminthologi-
cal methods and these materials are mostly deposited in the
Helminthological Collection of the Institute of Parasitology,
Biology Centre of the Czech Academy of Sciences, in Ceské
Budgjovice (http://www.paru.cas.cz/en/collections/). Species of
parasites are listed alphabetically in each of the higher taxonomic

group.
RESULTS

Composition of the fauna of macroparasites of
Anguilla anguilla in the Czech Republic

A total of 31 species of macroparasites was found in
eels; of these six [Gyrodactylus sp., Crepidostomum met-
oecus (Braun, 1900), Diplostomum spathaceum (Rudolphi,
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1819) metacercariae, Cucullanus truttae Fabricius, 1794,
Porrocaecum ensicaudatum (Zeder, 1800) larvae, Echi-
norhynchus truttae Schrank, 1788 and Argulus foliaceus
(Linnaeus, 1758)] represent the first records from eels in
the Czech Republic (Table 2).

Monogenea

Gyrodactylus lucii Kulakovskaya, 1951

This is a parasite of Esox lucius Linnaeus and some
percid fishes. A single specimen of G. lucii was found on
the skin of an eel in the Macha Lake fishpond system (see
Moravec 1985) (August 1982, prevalence 1/7, intensity 1);
this represents an accidental infection.

Gyrodactylus sp.

Numerous live and dead specimens of this parasite were
found on the gills and fins of eels in the Ohfe River near
Postoloprty examined in October of 1994, with a preva-
lence 0f 26% (8/31) and intensity 30-300 (mean 94) mono-
geneans per fish. Probably, 4. anguilla is only an acciden-
tal host for this parasite.

Pseudodactylogyrus anguillae (Yin et Sproston, 1948)
and P. bini (Kikuchi, 1929)

In the Elbe River basin, P. anguillae alone was recorded
from three localities: Sdazava River near Chienovice (Au-
gust 1995: prevalence 54% [7/13], intensity 1-12 [mean
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Table 2. Occurrence of macroparasites in Anguilla anguilla (Lin-
naecus) from three main river basins in the Czech Republic (ad-
ditional records from other countries are given in parentheses).

Parasite Elbe River Danube Oder River
Basin  River Basin  Basin
MONOGENEA
Gyrodactylus lucii +
Gyrodactylus sp. +
Pseudodactylogyrus anguillae + +
Pseudodactylogyrus bini + (+)
TREMATODA
Azygia lucii +
Crepidostomum metoecus +
Diplostomum spathaceum larv. + +
(Metagonimus yokogawai larv.) )
CESTODA
Bothriocephalus claviceps + + +
Proteocephalus macrocephalus + +
Triaenophorus nodulosus juv. + (+)
NEMATODA
Anguillicoloides crassus + +
Camallanus lacustris +
Camallanus truncatus +
Cucullanus truttae +
Daniconema anguillae + )
(Hedruris androphora) )
Paraquimperia tenerrima + +
Raphidascaris acus + )
Salmonema ephemeridarum +
Spinitectus inermis +
Eustrongylides mergorum larv. +
Porrocaecum ensicaudatum larv. +
ACANTHOCEPHALA
Acanthocephalus anguillae + (+)
Acanthocephalus lucii + + +
Echinorhynchus truttae +
Neoechinorhynchus rutili + +
(Paratenuisentis ambiguus) (+)
Pomphorhynchus laevis +
HIRUDINEA
Piscicola geometra +
BIVALVIA
Glochidium gen. sp. larv. + +
COPEPODA
Ergasilus gibbus (?) + (+)
Ergasilus sieboldti + +
BRANCHIURA
Argulus foliaceus +
ACARIFORMES
Hydrozetes sp. +

(?) — the only species previously reported from this host and not con-
firmed in the present paper is Ergasilus gibbus Nordmann, 1832 (see Fri¢
1873, Moravec 2001).

5]); Zelivka water reservoir (June 1995: 30% [6/20], 1-6
[3]); and Metuje River near Nachod (October 1994: [4/5],
1-9 [5]). Pseudodactylogyrus bini alone was found in
one locality: Plou¢nice River near Ceska Lipa (Septem-
ber 1994: 90% [9/10], 85-1451 [536]). However, both
P. anguillae and P. bini occurred in co-infections on gills
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in the following Bohemian localities, where the propor-
tions of both species in samples were similar: Macha Lake
fishpond system (a sample of 16 eels in August 1994; not
recorded in previous years) (prevalence of both species
together 88% [14/16], intensity 9-330 [55]); Orlik water
reservoir (September 1994: 7/9, 3-25 [7], October 1994:
80% [12/15], 1-290 [64], September 1995: 87% [20/23],
1-368 [37], May 1996: 36% [5/14], 1-28 [11], June 1996:
36% [4/11], 124 [11], October 1996: 67% [10/15], 9-87
[31]); Luznice River near Tabor (May 1994: 20% [2/10],
2-93 [48]); Otava River near Stédronin (August 1995:
100% [12/12], 2—158 [69]); Uhlavka Rivulet near Stiibro
(September 1994: [6/7], 3—61 [30]); and Ohte River near
Postoloprty (October 1994: 32% [10/31], 2—12 [5]).

In the Danube River basin, P. anguillae alone was re-
corded in one locality: Frystak water reservoir near Zlin
(September 1994: 40% [4/10], 3—65 [21]).

However, the presence of these parasites in other locali-
ties cannot be excluded, because no attention was paid to
monogenean infections of eels in some localities.

Both P. anguillae and P. bini are pathogenic gill para-
sites of the Japanese eel Anguilla japonica Temminck et
Schlegel in East Asia, from where they were introduced into
Europe in the 1970’s. In Europe they quickly spread in the
populations of the European eel A. anguilla (see Skorikova
et al. 1996). The first record of both parasite species in the
former Czechoslovakia is that of late R. Ergens (Institute
of Parasitology, Biology Centre, ASCR, Ceské Budéjovice,
CR — unpubl. data) in October of 1989, who found them
to be abundant on small eels (body length 7-18 cm) in
a warm-water aquaculture at Tisova, North Bohemia (see
Skorikova et al. 1996). The present data show that now
both P. anguillae and P. bini are widespread in eel popula-
tions in the Czech Republic. Although these parasites were
not recorded in 132 eels in the Macha Lake fishpond sys-
tem examined until 1977 (Moravec 1985), a sample of eels
from the same locality examined in 1994 showed high lev-
els of infection with P. anguillae and P. bini. The situation
in this locality reflects the spreading of these parasites in
Europe, because the first record of both species in Europe
was that of Golovin (1977) in Russia.

Trematoda

Azygia lucii (Miiller, 1776)

This trematode was found in the stomach of eels in two
localities belonging to the Elbe River basin: Macha Lake
fishpond system near Doksy (April 1971: 1/1, 1; Septem-
ber 1971: 7% [1/14], 1; May 1982: 1/5, 1; June 1982: 8%
[1/12], 3; August 1994: 13% [2/16], 1); and Orlik water
reservoir near Stédronin (September 1995: 3% [1/38],
9). Azygia lucii was previously reported from eels in the
former locality by Moravec (1985).

The principal definitive host of 4. lucii is the northern
pike, Esox lucius, whereas the European eel serves only
as a subsidiary host. It may be supposed that A. anguilla
acquires the infection by swallowing infected fish, mainly
small pike and perch. The occurrence of 4. lucii in eels
seems to be in correlation with the feeding period of the
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fish: during the cold season, when the feeding activity of
eels almost ceases (Lacey et al. 1982), A. lucii was not re-
corded. In addition to A. anguilla, Perca fluviatilis Linnae-
us and Sander lucioperca (Linnacus) were also recorded
as subsidiary hosts of A. /ucii in the Macha Lake fishpond
system (Moravec 1985).

According to Odening (1976), intermediate hosts of
A. lucii are various species of freshwater snails of the fami-
lies Planorbidae, Lymnaeidae, Physidae and Valvatidae.

Crepidostomum metoecus (Braun, 1900)

The only locality where this trematode was found in the
intestine of an eel was the Jestédsky Brook near Ralsko
(August 2001: 1/6, 1), belonging to the Elbe River basin.

The main definitive hosts of C. metoecus are salmonids,
in Europe mostly the brown trout, Salmo trutta fario Lin-
naeus (see Moravec 2004). It is also reported from preda-
tory fishes of some other families such as Esox lucius
(Esocidae), Lota lota (Linnaeus) (Lotidae) or Perca flu-
viatilis (Percidae), which, undoubtedly, acquire the infec-
tion of adult trematodes while feeding on small salmonids
(Moravec 2004). The finding of adult C. metoecus in A. an-
guilla suggests a similar way of transmission, i.e. that the
eels acquire this trematode by swallowing small-sized in-
fected trout. In the same locality, C. metoecus was recorded
from 40% of S. trutta fario examined (Moravec 2003). The
first intermediate hosts of C. metoecus are bivalves (Pis-
idium spp.); amphipods [ Gammarus pulex (Linnaeus)] and
nymphs of aquatic insects (Ephemera Linnaeus, Cloeon
Leach, Siphlonurus Eaton) were recorded as its second in-
termediate hosts in Europe (see Moravec 2004).

Diplostomum spathaceum (Rudolphi, 1819) larv.

Metacercariae of this trematode located in the eye lens
of eels were recorded from the following localities belong-
ing to two main river drainage systems.

Elbe River basin: Luznice River near Lomnice nad
Luznici (March 1987: 1/1, 1); Podhora water reservoir
on the Tepld River near Tepla (May 1987: 6% [1/16], 1);
Vltava River near Zbraslav (July 1988: 8% [1/13], 1);
Vltava River near Temelin (September 1988: 1/1, 1; Oc-
tober 1988: 1/2, 1); pond Bagr in Ceské Bud&jovice (No-
vember 1988: 1/3, 1; May 1989: 45% [5/11], 14 [2]);
Orlik water reservoir near Stédronin (June 1994: 1/9, 1;
October 1994: 47% [7/15], 1-5 [3]; September 1995: 57%
[13/23], 14 [2]; May 1996: 21% [3/14], 1-14 [6]; June
1996: 27% [3/11], 1-2 [2]; October 1996: 47% [7/15], 1-6
[2]); Plou¢nice River near Ceska Lipa (November 1994:
8% [2/24], 1); Ohte River near Postoloprty (October 1994:
10% [3/31], 1); Macha Lake fishpond system (September
1995: 9% [2/22], 1-2 [1]).

Danube River basin: Frys§tak water reservoir near Zlin
(November 1994: 40% [4/10], 1-2 [1]); pond Pod mlynem
at Sedlec near Mikulov (June 1995: 3/9, 1-2 [1]).

In the Czech Republic, adults of D. spathaceum are
common intestinal parasites of gulls (Larus spp.) and are
exceptionally found in other birds. The first intermedi-
ate host is the freshwater snail Lymnaea (Radix) peregra
ovata (Draparnaud); many fish species belonging to dif-
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ferent families (rarely also frogs) serve as the second in-
termediate host (Vojtek 1974, Moravec 2001, Sitko et al.
2006). According to Moravec (2001), metacercariac of
D. spathaceum were previously recorded from 50 fish spe-
cies (mainly cyprinids) in the former Czechoslovakia, but
not from A4. anguilla. Consequently, the present findings of
these parasites in eels represent a new host record.

Taxonomic note: The taxonomy of species of Diplosto-
mum von Nordmann, 1832, including identification of their
metacercariac and specificity to the second intermediate
host, are not fully resolved. In addition, recent taxonomic
studies that combined molecular and morphological data
have revealed cryptic diversity in the Diplostomum species
complex (see e.g. Georgieva et al. 2013, Blasco-Costa et
al. 2014, Faltynkova et al. 2014). Therefore, it may well
be that metacercariae from eels reported under the name
D. spathaceum actually belong to more than one species
of Diplostomum.

Cestoda

Bothriocephalus claviceps (Goeze, 1782)

This cestode was recorded from eels in the following lo-
calities belonging to all three main river drainage systems:

Elbe River basin: pond Komornik near Jindfichtiv Hra-
dec (May 1964: prevalence 1/1, intensity 32); Luznice
River near Tabor (May 1964: 1/2, 5; August 1980: 2/2,
1-3 [2]; May 1981: 1/1, 1; February and March 1987: 2/2,
1-2 [2]); Macha Lake fishpond system near Doksy (Feb-
ruary 1967: 1/1, 6; April 1976: 2/9, 1-3 [2]; May 1976:
1/2, 2; August 1976: 1/1, 8; September 1976: 2/5, 1; Oc-
tober 1976: 2/4, 1-16 [9]; December 1976: 2/5, 8-12 [10];
September 1977: 43% [6/14], 1-23 [7]; April 1981: 1/1, 1;
May 1981: 1/2, 7; June 1981: 3/6, 1-6 [3]; July 1981: 1/1,
1; September 1981: 1/2, 14; February 1982: 1/3, 18; March
1982: 6/9, 1-32 [8]; April 1982: 5/7, 1-42 [16]; May
1982: 1/5, 3; June 1982: 58% [7/12], 1-5 [2]; July 1982:
7/9, 1-112 [23]; August 1982: 4/7, 1-58 [17]; September
1982: 3/8, 2-3 [2]; October 1982: 2/5, 4—6 [5]; Septem-
ber 1990: 2/5, 1-4 [2]; August 1994: 38% [6/16], 1-4 [2];
September 1995: 18% [4/22], 1-13 [5]; June 2003: 1/1, 15;
December 2008: 1/3, 1); pond Pohorka near Lisov (No-
vember 1985: 2/4, 2—10 [6]); Podhora water reservoir on
the Tepla River (May 1988: 19% [3/16], 1-2 [2]); Vltava
River near Temelin (September 1988: 1/1, 5); pond Bagr
at Ceské Budgjovice (June 1988: 1/2, 3; May 1989: 9%
[1/11], 1); pond Saloun near Lomnice nad Luznici (Oc-
tober 1994: 20% [2/10], 2—4 [3]); Ploucnice River near
Ceska Lipa (September 1994: 33% [8/24], 1-25 [5]; Ohie
River near Postoloprty (October 1994: 23% [7/31], 1-4
[1]); Orlik water reservoir (October 1994: 20% [3/15], 1-3
[2]; September 1995: 1/7, 3; May 1996: 36% [5/14], 2—17
[6]; October 1996: 40% [6/15], 1-2 [1]; June 1997: 29%
4/14, 1-2 [1]; October 1997: 19% [3/16], 1-4 [3]); storage
ponds at Ttebon (October 1994: 2/7, 2—4 [3]; Stary Brook
near Klatovy (8% [1/12], 1); Zelivka water reservoir (June
1995: 10% 2/20, 1-9 [5]; Sazava River near Chienovice
(August 1995: 8% [1/13], 1); Libogansky Brook near Zatec
(June 2000: 1/1, 15).
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Danube River basin: pond Domaninsky near Bystfice
nad Pernstejnem (November 1958: 1/2, 1); Rokytna River
near Vémyslice (June 1987: 1/1, 1); Kyjovka Rivulet near
Koryc¢any (September 1994: 18% [2/11], 25 [4]); Frystak
water reservoir near Zlin (September 1994: 30% [3/10], 1);
Mostisté water reservoir on the Oslava River near Velké
Meziti¢i (May 1995: 16% [4/25], 1-4 [2]).

Oder River basin: Kruzberk water reservoir on the
Moravice River near Kruzberk (June 1996: 5/8, 1-12 [3]).

Bothriocephalus claviceps was previously reported
from eels in the localities of the Elbe and Danube Riv-
ers basins in the Czech Republic by Sramek (1901), Fri¢
(1908), Lucky (1953), Volf and Smisek (1955), Vojtkova
(1959), Ergens (1961), Dyk and Lucky (1963), Ergens and
Lom (1970), Moravec (1978, 1985), Scholz (1989) and
Gelnar et al. (1990).

The present data show that B. claviceps is a common
and widespread parasite in the Czech Republic, occurring
in eels all the year round. Although it is also present in
slowly flowing waters, its highest prevalence was found
in larger still-water bodies, such as water reservoirs (Orlik
and Frystak water reservoirs up to about 40% and 30%,
respectively, or Kruzberk water reservoir where 5 of 8 eels
examined were infected) or large pond systems (Macha
Lake fishpond system up to about 80%). The finding of
B. claviceps in the Kruzberk reservoir represents the first
documented record of this parasite in the Oder River basin
in the Czech Republic.

This cestode seems to be a specific intestinal parasite of
eels and A. anguilla has so far been recorded as the only
fish definitive host of this species in the Czech Republic
(Moravec 2001; present data). Bothriocephalus claviceps
has also been reported from fish species belonging to other
families, but these probably do not serve as true definitive
hosts (Scholz 1997). In this connection, it is necessary to
mention an interesting finding of adult B. claviceps from
the intestine of 15% of newts Triturus vulgaris (Linnaeus)
(Caudata) in the small South Bohemian pond Bagr exam-
ined in the spring of 1988 and 1989, where also eels in-
fected by this parasite co-occurred (Scholz and Moravec
1990). However, no oncosphere development was observed
during laboratory experiments with the cultivation of these
eggs, indicating that only non-viable eggs are produced by
these cestodes in their atypical amphibian host (newt).

The source of B. claviceps infection for eels are either
copepod intermediate hosts or forage fishes serving as pa-
ratenic hosts (Jarecka 1959, 1963, 1964, Moravec 1985,
Dupont and Gabrion 1986, Scholz 1986, 1987, 1997). The
population biology of this cestode in eels of the Macha
Lake fishpond system was studied by Moravec (1985),
who found that the highest values of prevalence and mean
intensity occurred in eels 30—45 cm long and that B. clavi-
ceps exhibits a pronounced seasonal maturation cycle
with the oviposition in the period from June until August;
the only fish paratenic host in this locality was found to
be small perch, Perca fluviatilis (see Scholz 1986, 1987).
Also according to Nie and Kennedy (1992), B. claviceps
reaches maximum size and becomes gravid mainly in sum-
mer in three localities in southwestern England. However,

Folia Parasitologica 2015, 62: 033

Moravec and Scholz: Macroparasites of Anguilla anguilla in the Czech Republic

the maturation cycles of B. claviceps, subjecting to many
local ecological factors, may be very different in other lo-
calities; accordingly, gravid cestodes may be found in oth-
er months or nearly throughout the year in different locali-
ties (e.g. Lucky 1953, Kazi¢ 1970, Chubb 1982, Moravec
1985).

Proteocephalus macrocephalus (Creplin, 1825)

This species was recorded from the following localities
belonging to the Elbe and Danube River drainage systems:

Elbe River basin: Luznice River near Lomnice nad
Luznici (May 1964: 1/2, 1; August 1980: 1/2, 1; February
1987: 1/1, 7; March 1987: 1/1, 26; May 1987: 2/2, 1-13
[7]); Podhora water reservoir on the Tepla River near Tepla
(May 1988: 19% [3/16], 1); Vltava River near Temelin
(September 1988: 1/1, 6); pond Bagr in Ceské Budgjovice
(November 1988: 1/4, 1); Luznice River near Tabor (May
1994: 40% [4/10], 1-9 [6]); Orlik water reservoir on the
Vltava River near Stédronin (June 1994: 3/9, 2-3 [2]; Oc-
tober 1994: 27% [4/15], 1-11 [4]; September 1995: 22%
[5/23], 1-42 [10]; May 1996: 36% [5/14], 2—17 [6]; June
1996: 45% [5/11], 1-32 [7]; October 1996: 80% [12/15],
1-69 [16]; June 1997: 36% [5/14], 1-4 [2]; October 1997:
19% [3/16], 5-10 [8]); storage ponds at Ttebon (October
1994: 5/7, 1-96 [45]); Ohte River near Postoloprty (Oc-
tober 1994: 16% [5/31], 1-2 [1]); pond Saloun near Lom-
nice nad Luznici (October 1994: 70% [7/10], 1-41 [13]);
Zelivka water reservoir (June 1995: 65% [13/20], 1-12
[4]); Sazava River near Chienovice (August 1995: 23%
[3/13], 2—10 [5]); Otava River near Stédronin (August
1995: 58% [7/12], 2-5 [4]); Macha Lake fishpond system
near Doksy (December 2008: 1/3, 3).

Danube River basin: Frystak water reservoir near Zlin
(September 1994: 30% [3/10], 1-7 [4]).

In the Czech Republic, this parasite has previously been
reported from a few localities belonging to the Elbe River
basin (Scholz and Kepr 1988, Scholz 1989, Moravec et
al. 1997, Scholz et al. 1997, 1998, Scholz and Hanzelova
1998, Zd’arska and Nebesafova 1999a, b). This paper pro-
vides the first report from the Danube River basin. The
present data indicate that P. macrocephalus is a common
and widespread cestode species in the Czech Republic, oc-
curring in eels mainly in larger rivers, water reservoirs and
ponds. The highest prevalence (up to 80%) and intensity
(up to 69 specimens) were recorded in the Orlik water res-
ervoir in October 1996, but high levels of infection were
also found in some other localities.

This cestode is a specific intestinal parasite of eels (4n-
guilla spp.). The source of P. macrocephalus infection for
eels are probably both infected copepod intermediate hosts
and small forage fishes serving as paratenic hosts (Doby
and Jarecka 1966, Willemse 1967, Scholz et al. 1997).
It can be assumed that P. macrocephalus, as most other
proteocephalideans of the temperate zone, exhibits a pro-
nounced seasonal maturation cycle, but no detailed data on
the population biology of this species are available. Ac-
cording to Nie and Kennedy (1991a), growth and matu-
ration of P. macrocephalus occurred in early summer in
two small rivers in England. At Lake Skadar, Montenegro,
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Kazi¢ (1970) recorded mature P. macrocephalus in A. an-
guilla from January to July and in November, and imma-
ture worms during all months, with the highest numbers in
May, August and December.

Triaenophorus nodulosus (Pallas, 1781) juv.

Juvenile specimens of this species were recorded from
the intestines of eels only twice in two localities belonging
to the Elbe River basin: Tepla River at Karlovy Vary (July
1965: 1/6, 1) and Macha Lake fishpond system (August
1994: 6% [1/16], 1). Apparently, eels acquired the infec-
tion while feeding on other fishes (probably small P. flu-
viatilis) harbouring the cestode plerocercoids and serving
as the second intermediate host of 7. nodulosus. Larval
T. nodulosus in A. anguilla was previously reported by
Vojtek (1961) in the former Czechoslovakia (locality not
given) (see also Macko et al. 1993).

Nematoda

Anguillicoloides crassus Kuwahara, Niimi et [tagaki,
1974

This swimbladder nematode was recorded from the fol-
lowing localities belonging to two main river drainage sys-
tems.

Elbe River basin: Elbe River near Hfensko (June 1991:
80% [8/10], 1-7 [4]; October 2001: 1/1, 1; May 2005: 1/1,
1); Luznice River near Tabor (May 1994: 10% [1/10], 8);
Orlik water reservoir near Stédronin (June 1994: 2/9, 3
[3]; October 1994: 60% [9/15], 1-18 [6]; September 1995:
78% [18/23],1-73 [21]; May 1996: 43% [6/14], 648 [20];
June 1996: 27% [3/11], 14-62 [37]; October 1996: 80%
[12/15], 4-31 [19]; June 1997: 57% [8/14], 2-29 [10];
October 1997: 50% [8/16], 13—110 [40]); Ohte River near
Postoloprty (October 1994: 6% [2/31], 1-2 [2]); Otava
River near Stédronin (August 1995: 92% [11/12], 1-77
[26]); Jesteédsky Brook near Ralsko (August 2001: 1/6, 8;
June 2002: 1/3, 3); Macha Lake fishpond system (March
2003: 1/1, 11; April 2003: 1/2, 10; May 2003: 3/3, 3—11
[7]; June 2003: 1/1, 31; December 2004: 1/2, 29; Decem-
ber 2008: 3/3, 5-26 [14]).

Danube River basin: Kyjovka Rivulet near Korycany
(September 1994: 45% [5/11], 1-11 [5]); pond Pod mlynem
in Sedlec near Mikulov (June 1995: 4/9, 3-5 [4]).

This pathogenic parasite of eels was introduced from
the Far East into Germany in 1982 (Neumann 1985), from
where it quickly spread throughout Europe. Taraschewski
et al. (1987) reported it from localities in northern Ger-
many that belong to three main river drainage systems,
including the Elbe River estuary. In the Czech Republic,
A. crassus was first recorded from eels in the Elbe River
near Hiensko in June 1991 (Moravec 1992) and later also
found in some other localities including those belonging
to the Danube basin (Barus et al. 1996, Moravec 2001). In
the Czech Republic, it has not yet been recorded from the
Oder River basin, where, however, eels occur rather rarely.

The life cycle of A. crassus involves a copepod or os-
tracod intermediate host and various aquatic invertebrates
(insect larvae, snails) and vertebrates (fishes, amphibians)
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that serve as paratenic hosts. Eels acquire 4. crassus infec-
tion by feeding on both intermediate- and paratenic hosts,
particularly small fishes harbouring A. crassus third-stage
larvae (Moravec 2013).

Camallanus lacustris (Zoega, 1776)

This species was found in eels only in localities belong-
ing to the Elbe River basin: Macha Lake fishpond system
(February 1967: 1/1, 235; November 1975: 1/1, 1; April
1976: 2/8, 1; May 1976: 1/2, 4; June 1976: 1/3, 1; Septem-
ber 1976: 4/5, 7-51 [17]; December 1976: 3/5, 2-26 [11];
April 1977: 1/1, 1; May 1977: 1/2, 4; September 1977:
50% [7/14], 1-24 [5]; July 1981: 1/1, 2; September 1981:
1/2, 2; February 1982: 1/3, 1; March 1982: 6/8, 1-8 [3];
April 1982: 5/8, 1-10 [3]; May 1982: 1/5, 8; June 1982:
42% [5/12], 2-9 [5]; July 1982: 3/9, 2—7 [4]; August 1982:
2/7,2-5 [4]; September 1982: 4/8, 1-4 [3]; October 1982:
2/5, 2-5 [4]; May 1987: 31% [5/16], 3—15 [7]; May 1990:
2/3, 2-7 [5]; August 1994: 44% [7/16], 1-5 [2]; Septem-
ber 1995: 41% [9/22], 1-43 [11]; December 2000: 2/3, 3-6
[3]; March 2003: 1/1, 18; May 2003: 1/2, 2; June 2003:
1/1, 2; December 2004: 1/2, 1; December 2005: 2/3, 3—6
[5]); pond Pohorka near LiSov (November 1985: 1/4, 3);
Zelivka water reservoir (May 1988: 55% [6/11], 1-12 [6];
June 1995: 20% [4/20], 1-2 [2] ); Podhora water reservoir
on the Tepla River near Tepla (May 1988: 6% [1/16], 4);
pond Bagr in Ceské Budgjovice (November 1988: 2/4, 1-3
[2]; May 1989: 18% [2/11], 1-3 [2]); Luznice River near
Tabor (May 1994: 10% [1/10], 3); Plou¢nice River near
Ceska Lipa (September 1994: 25% [6/24], 115 [5]); Ohie
River near Postoloprty (October 1994: 19% [6/31], 1-19
[6]); Orlik water reservoir near Stédronin (October 1994:
7% [1/15], 6; September 1995: 6% [1/16], 1; May 1996:
7% [1/14, 1; October 1996: 13% [2/15], 1; June 1997: 7%
[1/14], 2; October 1997: 13% [2/16], 18-20 [19]); Otava
River near Stédronin (August 1995: 17% [2/12], 1-3 [2]);
Jestédsky Brook near Ralsko (August 2001: 1/6, 1).

The nematode C. lacustris parasitises predominantly
fishes of the family Percidae, particularly Perca fluviatilis,
which serve as definitive hosts. In addition to percids, it is
often found in fishes of other families (especially in preda-
tory species), serving apparently only as paradefinitive
or postcyclic hosts (Moravec 2013). It remains unknown
whether the infective larvae of C. lacustris may develop
further and attain maturity in A. anguilla, but eels often
harboured gravid (larvigerous) females of this parasite. In
the present Czech Republic, this parasite was previously
reported from eels in the Elbe River basin (Vltava River
in Prague, Elbe River in Podébrady, Macha Lake fishpond
system) (John 1877, Sramek 1901, Moravec 1978).

Moravec (1985) observed in eels from the Macha Lake
fishpond system that the values of C. lacustris prevalence
and mean intensity markedly increased with the body size
of this fish host; the highest intensity of infection (235
nematodes) was recorded in an eel measuring 120 cm in
length. The intermediate hosts of C. lacustris are vari-
ous species of copepods, whereas some small fishes serve
as paratenic hosts (Moravec 2013). Apparently the main
source of C. lacustris infections in eels is some prey fishes,
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particularly small perch. This parasite does not seem to ex-
hibit a pronounced seasonal cycle of maturation (Moravec
1979b, Scholz 1986) and its different developmental stages
occurred in eels throughout the year (Moravec 1985).

Camallanus truncatus (Rudolphi, 1814)

This species was found only in localities belonging to
the Danube River basin: Kyjovka Rivulet near Korycany
(September 1994: 45% [5/11], 1-2 [1]); and Mostisté water
reservoir on the Oslava River near Velké Mezitici (May
1995: 4% [1/25], 1).

The principal definitive hosts of C. truncatus seem to
be fishes of the genus Sander Oken (S. lucioperca and
S. volgensis Gmelin), but it occurs as well in other percids.
Similarly to C. lacustris, C. truncatus also occurs in many
fish species of different families serving probably only as
paratenic or postcyclic hosts. In the Danube River basin of
the Czech Republic, this parasite was previously recorded
from eels in the Svratka River in Brno by Vojtkova (1959).

The intermediate hosts of C. truncatus are various spe-
cies of copepods, whereas some small fishes serve as pa-
ratenic hosts (Moravec 2013); the latter are probably the
main source of infection for eels.

Cucullanus truttae Fabricius, 1794

Adults of this species (including ovigerous females)
were recorded from eels in one locality belonging to the
Elbe River basin: Jestédsky Brook near Ralsko (June 2001:
3/3,1-6 [3]).

Cucullanus truttae is an intestinal parasite of salmonids,
in Europe mainly of the brown trout Salmo trutta fario.
Rarely this species was recorded from some predatory
fishes of other families, such as Perca fluviatilis or Lota
lota, which probably act only as postcyclic hosts (Moravec
2013). Previously, C. truttae was recorded from eels only
in Sweden, Ireland, England and Portugal (T6rnquist 1931,
Conneely and McCarthy 1986, Kennedy 2001, Saraiva et
al. 2005). Apparently, also in these cases, eels acquired the
C. truttae infection secondarily while occasional preying
upon the definitive fish hosts of this nematode.

The intermediate hosts of C. fruttae are larvae of dif-
ferent species of lampreys, in the Czech Republic only the
brook lamprey Lampetra planeri (Bloch). However, after
the metamorphosis of infected lampreys, the development
of C. truttae larvae continues further in adult lampreys,
in which the nematodes attain their full maturity and may
produce eggs (Moravec 2013). Judging from the body size
(length 42-54 cm) of eels infected with C. fruttae in the
Jestédsky Brook and because the nematodes from eels
included ovigerous females, it is almost certain that the
source of infection for eels was infected adult lampreys.
According to the observations of Moravec (1980), C. trut-
tae is found only in brown trout longer than 21 cm; conse-
quently, trouts of this size cannot become a prey for eels.

Daniconema anguillae Moravec et Koie, 1987

This parasite of the serosa of swimbladder and intes-
tine of eels was recorded from the localities belonging to
the Elbe River basin: Macha Lake fishpond system (June
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1981: 8% [1/12], 1; May 1987: 7% [1/15], 1; August 1994:
25% [4/16], 1-23 [7]; September 1995: 14% [3/22], 1-2
[1]); Plou¢nice River near Ceska Lipa (September 1994:
4% [1/24], 1); Ohte River near Postoloprty (October 1994:
3% [1/31], 1); Sazava River near Chienovice (August
1995: 8% [1/13], 1).

Daniconema anguillae is a Holarctic parasite of eels,
occurring only in A. anguilla in Europe and in 4. rostrata
(LeSeuer) in North America. In Europe, it has been report-
ed only from the Czech Republic, Denmark, Hungary and
Lithuania (see Moravec 2013). Its life cycle is unknown,
but it may be similar to that in the nematodes of the family
Skrjabillanidae, i.e. that the intermediate hosts are blood-
sucking branchiurids (4rgulus spp.), which may be also the
source of D. anguillae infection for eels. The third-stage
larvae of D. anguillae occur, sometimes in considerable
numbers, in the fins and subcutaneous connective tissue
of infected eels (Molnar and Moravec 1994, Molnar and
Székely 1995).

Paraquimperia tenerrima (Linstow, 1878)

This nematode was recorded from the following locali-
ties:

Elbe River basin: Tepla River at Karlovy Vary (October
1963: 1/3, 5; October 1964: 1/2, 1; July 1965: 5/6, 1-11
[4]; September 1965: 1/1, 6; June 1966: 3/3, 1-2 [2]; June
1967: 1/2, 8); Zelivka River near Dolni Kralovice (July
1966: 5/6, 2-5 [3]; June 1967: 1/1, 5); Kamenice River
near Hiensko (November 1978: 3/5, 1-4 [2]; November
1979: 1/3, 1); Luznice River near Lomnice nad Luznici
(August 1980: 1/2, 1); Vltava River near Zbraslav (July
1988: 8% [1/13], 2); Orlik water reservoir near Stédronin
(June 1994: 1/9, 7; October 1994: 27% [4/15], 1-14 [7];
September 1995: 4% [1/23], 2; June 1996: 9% [1/11], 14;
October 1996: 7% [1/15], 2; June 1997: 7% [1/14], 1; Oc-
tober 1997: 6% [1/16], 1); Plou¢nice River near Ceska
Lipa (September 1994: 58% [14/24], 1-7 [3]); Stary Brook
near Kdyné (September 1994: 59% [13/22], 1-11 [4]);
Uhlavka Rivulet near Stiibro (September 1994: 3/7, 1-13
[8]); Ohte River near Postoloprty (October 1994: 61%
[19/31], 1-6 [3]); Bilka water reservoir on the Stary Brook
near Klatovy (May 1995: 42% [5/12], 1-6 [4]); Sazava
River near Chienovice (August 1995: 62% [8/13], 1-24
[9]); Otava River near Stédronin (August 1995: 8% [1/12],
1); Jestédsky Brook near Ralsko (October 2001: 5/6, 1-14
[5D.

Danube River basin: Rokytna River near Vémyslice
(May 1986: 2/2, 1-9 [5]; June 1987: 1/1, 1).

This nematode is a specific intestinal parasite of 4. anguil-
la, which is widely distributed in Europe (Moravec 2013).
In the Czech Republic, P. tenerrima was first recorded by
Sramek (1901) from eels in the Elbe River at Pod&brady. It
occurs mainly in small streams and rivers, where it exhibits
seasonal cycles of occurrence and maturation (Chubb 1975,
Nie and Kennedy 1991b). In the Czech Republic, P. tenerri-
ma was recorded from eels during May—July and in Septem-
ber and always gravid females with eggs were also present.
The life cycle of P. tenerrima remains insufficiently known.
Probably aquatic insect larvae, crustaceans or small fishes
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serve as intermediate or paratenic hosts (Moravec 1975,
2013, Shears and Kennedy 2005).

Raphidascaris acus (Bloch, 1779)

Adults of R. acus and larvae in the intestinal lumen of
eels were found in the following localities belonging to one
main river drainage system.

Elbe River basin: Tepla River at Karlovy Vary (October
1964: 1/2, 1; July 1965: 1/6, 3; September 1965: 1/1, 2;
June 1966: 1/3, 3; June 1967: 1/3, 1); Macha Lake fish-
pond system (September 1976: 2/5, 2-27 [15]; May 1977:
1/2, 1; September 1977: 7% [1/14], 1; December 1977:
1/1, 1; December 1981: 1/1, 1; September 1990: 1/5, 1);
Luznice River near Lomnice nad Luznici (May 1987: 1/2,
2); Vltava River near Zbraslav (July 1988: 31% [4/13],
1-3 [2]); Vltava River near Temelin (October 1988: 1/1,
1); Kamenice River near Hiensko (June 1991: 1/1, 3);
Luznice River near Tabor (May 1994: 30% [3/10], 2—18
[10]; Orlik water reservoir near Stédronin (June 1994: 1/9,
1; October 1994: 1/7, 1; May 1996: 7% [1/14], 1); Uhlavka
Rivulet near Stfibro (September 1994: 2/7, 1-2 [2]); Ohte
River near Postoloprty (October 1994: 26% [8/31], 1-39
[7]); Libocansky potok near Zatec (June 2000: 1/1, 23);
Jestédsky Brook near Ralsko (August 2001: 1/6, 1).

Raphidascaris acus is a common and widespread para-
site in the Czech Republic, where both its adults and larvae
have been reported from many fish species in all three main
river drainage systems (Moravec 2001). The definitive
hosts of R. acus are piscivorous fishes belonging to differ-
ent families, in Europe mainly the pike Esox lucius and the
brown trout Salmo trutta fario, less often other species of
salmonids, Lota lota, Perca fluviatilis, Sander lucioperca
or Anguilla anguilla (see Moravec 2013). However, in ad-
dition that eels may serve as definitive hosts for this nema-
tode species, they may also become (as many other fish
species) its intermediate hosts: Moravec (1985) recorded
27 encapsulated infective R. acus larvae from a single eel
(body length 40 cm) of 132 examined in the Macha Lake
fishpond system.

The intermediate hosts of R. acus are very many fish
species and, in some localities, also amphipods of the ge-
nus Gammarus Fabricius, which are the source of infection
for the definitive host. However, there is also a variety of
aquatic invertebrate pre-intermediate and vertebrate post-
intermediate paratenic hosts of R. acus, of which the lat-
ter (mainly fishes and some amphibians) may also serve
as source of infection for the definitive host (see Moravec
2013). Adults of R. acus (including ovigerous females)
were recorded in eels only during late spring and early
autumn, whereas samples collected in other seasons com-
prised intestinal third- or fourth-stage larvae. This cor-
responds to the pronounced seasonal maturation cycle of
R. acus observed in other definitive hosts in different lo-
calities (Moravec 2013).

Salmonema ephemeridarum (Linstow, 1872)

This nematode was found in an eel only once in a lo-
cality belonging to the Elbe River basin: Tepla River in
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Karlovy Vary (July 1965: 1/3, 1). This finding was already
reported by Moravec (1967).

The nematode S. ephemeridarum is a stomach parasite
of salmonids, in Europe mainly of the brown trout Sa/mo
trutta fario (see Moravec 2013). Besides salmonids, this
parasite is sometimes found in other, mostly predatory or
occasionally predatory fishes that acquire accidental infec-
tions while feeding on the definitive hosts of S. ephemeri-
darum, i.e. small salmonids. Also in the present case, ap-
parently the eel acquired the S. ephemeridarum infection
secondarily by occassional preying upon small trouts.

The intermediate hosts of S. ephemeridarum are dif-
ferent species of mayflies (Ephemeroptera), whereas
some small fishes [Cottus gobio Linnaeus, Barbatula
barbatula (Linnaeus)] may serve as paratenic hosts
(Moravec 2013).

Spinitectus inermis (Zeder, 1800)

This nematode was found in one locality belonging to
the Elbe River basin: Macha Lake fishpond system (No-
vember 1975: 1/1, 4; September 1976: 1/5, 12; December
1976: 1/5, 1; August 1981: 1/1, 2; August 1994: 6% [1/16],
1).

Spinitectus inermis is a specific gastrointestinal parasite
of the European eel A. anguilla. It occurs only locally and
is a rather rare parasite of eels in most localities. The inter-
mediate hosts of this nematode are mayflies (Ephemerop-
tera) (Saraiva et al. 2002). It can be assumed that both in-
fected mayfly intermediate hosts and fish paratenic hosts
are the source of infection for eels (Moravec 2013)

Eustrongylides mergorum (Rudolphi, 1809) larv.

Larvae of this parasite were recorded from the stomach
wall of an eel in one locality belonging to the Elbe River
basin: Macha Lake fishpond system (February 1967: 1/1,
2).

The definitive hosts of E. mergorum are different fish-
eating birds, whereas aquatic oligochaetes apparently serve
as intermediate hosts (Karmanova 1968). Larvae of this
nematode occur in a variety of fish species serving as pa-
ratenic hosts. Larvae of E. mergorum were reported from
eels by Moravec (1985) and Keie (1988) in the Czech Re-
public and Denmark, respectively.

Porrocaecum ensicaudatum (Zeder, 1800) larv.

Larvae of this species were found in the intestinal lu-
men of an eel in one locality belonging to the Elbe River
drainage system: Uhlavka Rivulet near St¥ibro (September
1994: 1/7, 3).

Larvae of P. ensicaudatum were previously recorded
from the intestine and pyloric caeca of Salmo trutta fario
in the Bystfice River near Olomouc (Danube River basin)
(Moravec 1971). The definitive hosts of this nematode are
various birds mainly of the family Turdidae. It can be sup-
posed that the nematode larvae only shortly survive in fish-
es after ingestion of their intermediate hosts, earthworms.
Apparently, the European eel is a dead-end host in the cir-
culation of this parasite in the environment.

Page 9 of 17



doi: 10.14411/p.2015.033

Acanthocephala

Acanthocephalus anguillae (Miiller, 1780)

This parasite was found only in the Elbe River basin:
Kamenice River near Hiensko (November 1977: 3/5,
1-14 [7]); Plouénice River near Ceska Lipa (September
1994: 13% [3/24], 1-2 [1]); Ohte River near Postoloprty
(October 1994: 45% [14/31], 1-25 [6]); Orlik water res-
ervoir near Stédronin (October 1994: 7% [1/15], 1; June
1996: 9% [1/11], 1; October 1996: 7% [1/15], 1); Sazava
River near Chienovice (August 1995: 23% [3/13], 2-16
[7D.

This acanthocephalan is reported from many species of
freshwater fishes belonging to different families, but its
preferred hosts seem to be numerous cyprinids (Moravec
2004). In the Elbe River basin of the Czech Republic,
A. anguillae was previously recorded from eels by Sramek
(1901) in the Elbe River at Podébrady and by Volf and
Smisek (1955) in the Sdzava and Luznice Rivers. It has not
yet been found in eels of the Danube basin in the Czech Re-
public (although it was recorded there in other fish hosts)
(see Moravec 2001), but Zitian (1979) listed A. anguillae
from eels in the Danube River in Slovakia.

The life cycle of A. anguillae involves the intermediate
host, Asellus aquaticus Linnacus (Isopoda), in which the
infective larval stage, the cystacanth, develops (Moravec
2004). The source of 4. anguillae infection for eels may be
both isopod intermediate hosts and fish definitive (possibly
also paratenic) hosts.

Acanthocephalus lucii (Miiller, 1780)

This acanthocephalan species was recorded from eels in
all of the three main river drainage systems.

Elbe River basin: Luznice River near Lomnice nad
Luznici (May 1964: 2/2, 1; May 1977: 1/1, 8); Kamenice
River near Hiensko (November 1977: 3/5, 1-10 [5]; July
1979: 1/3, 3; June 1991: 1/1, 1;); Macha Lake fishpond
system (January 1967: 1/3, 1; April 1976: 4/8, 1-17 [5];
May 1976: 1/2, 2; June 1976: 1/3, 3; August 1976: 1/1, 5;
September 1996: 3/5, 1-2 [2]; October 1996: 1/4, 1; May
1977: 2/3, 4-8 [6]; September 1977: 14% [2/14], 2-3 [3];
May 1981: 1/2, 3; June 1981: 2/6, 1-2 [2]; December 1981:
1/1, 18; February 1982: 1/3, 2; March 1982: 4/9, 1-5 [3];
April 1982:3/8, 1; May 1982:2/5, 1;50% [6/12], 1-16 [4];
July 1982: 7/9, 1-13 [4]; August 1982: 3/7, 1-2 [2]; Sep-
tember 1982: 5/8, 1-4 [2]; October 1982: 1/5, 1; May 1987:
35% [7/20], 1-7 [3]; May 1990: 2/3, 3-35 [19]; August
1994: 13% [2/16], 1-2 [2]; September 1995: 9% [2/22],
1; December 2000: 2/3, 3-6 [5]; May 2003: 2/3, 2-8 [5];
June 2003: 1/1, 2); Vltava River near Zbraslav (July 1988:
5/5, 627 [15]); Luznice River near Tabor (May 1994:
20% [2/10], 1-2 [2]); Orlik water reservoir near Stédronin
(June 1994: 2/9, 2-5 [4]; October 1994: 7% [1/15], 1; June
1997: 14% [2/14], 1-20 [11]; October 1997: 19% [3/16],
1-6 [3]); Stary Brook near Kdyné (September 1994: 18%
[4/22], 1; Sazava River near Chienovice (August 1995:
23% [3/13], 1-8 [4];

Danube River basin: Frys§tak water reservoir near Zlin
(September 1994: 10% [1/10], 1; Mostisté water reservoir
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on the Oslava River near Velké Mezifi¢i (May 1995: 36%
[9/25], 2-28 [9]);

Oder River basin: Kruzberk water reservoir on the
Moravice River near Kruzberk (June 1996: 6/8, 2—-14 [9]).

This acanthocephalan occurs in many species of fresh-
water fishes, mainly those which are piscivorous or feed-
ing on macrobenthic invertebrates, belonging to different
families (see Moravec 2004). Perca fluviatilis seems to be
one of the most frequent definitive hosts in Europe (see
Moravec 2001). From eels in the Czech Republic, 4. lucii
was previously reported from all three main river drain-
age systems: the Oder River basin (Moravice River — Dyk
and Lucky 1956), the Danube River basin (Svratka River
— Vojtkova 1959) and the Elbe River basin (Macha Lake
fishpond system — Moravec 1978, 1985).

The life cycle of A. lucii involves an intermediate host,
the freshwater isopod Asellus aquaticus (see Moravec
2004). The source of infection for eels may be either in-
fected intermediate host isopods (4. aquaticus) or prey
fishes, most frequently small perch (P. fluviatilis) harbour-
ing these parasites.

Echinorhynchus truttae Schrank, 1788

This species was recorded from eels only in the Elbe
River basin: Kamenice River near Hfensko (November
1978: 1/5, 1; July 1979: 1/3, 1).

Adults of E. truttae are found mainly in the intestine
and pyloric caeca of various salmonids, but also in some
fishes belonging to other families. The intermediate hosts
of this acanthocephalan are amphipods of the genera Echi-
nogammarus Stebbing, Gammarus, Pontoporeia Kohlm
and Pallasea Bate (see Moravec 2013). Cystacanths of
E. truttae were also recorded in the Czech Republic: in the
summer of 1962, these were commonly found in Gamma-
rus fossarum Koch from the trout brook Vydii potok (Elbe
River basin) in the Sumava Mountains (late V. Barus, Ma-
saryk University, Brno, CR — unpubl. data; J. Groschaft,
Institute of Parasitology, Biology Centre, ASCR, Ceské
Budgjovice, CR — unpubl. data; F. M. — unpubl. data). The
source of E. truttae infection for eels are probably both the
intermediate hosts (mainly Gammarus spp.) harbouring
the cystacanths and infected fish definitive hosts (mainly
small trouts) which may become a prey for larger eels.

Neoechinorhynchus rutili (Miiller, 1780)

This species was recorded from localities belonging to
two main river drainage systems.

Elbe River basin: Podhora water reservoir on the Tepla
River near Tepla (May 1988: 6% [1/16], 1); Luznice River
near Tabor (May 1994: 10% [1/10], 1); Uhlavka Rivulet
near Stiibro (September 1994: 1/7, 1); Ohfe River near
Postoloprty (October 1994: 3% [1/31], 3); Jestédsky Brook
near Ralsko (August 2001: 2/6, 1-2 [2]).

Danube River basin: Rokytna River near Vémyslice
(May 1986: 1/2, 2).

This acanthocephalan species is a widely distributed
Holarctic parasite mainly of various cyprinids, but it fre-
quently occurs in fishes belonging to other families or
even orders (Moravec 2004). In the Czech Republic, N. ru-
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tili was reported from eels by Gelnar et al. (1990) in the
Rimov water reservoir on the Malse River (Elbe River ba-
sin) and by Moravec and Scholz (1991b) in the Rokytna
River (Danube River basin).

Like in other congeneric species, the life cycle of N. ru-
tili requires an obligate intermediate host, various species
of Ostracoda, whereas some other invertebrates (leeches,
alder flies, crayfish), in which larvae of this parasite were
observed, may apparently serve only as paratenic hosts
(Moravec 2004). Probably some fishes serve only as pa-
ratenic or postcyclic hosts of N. rutili. It can be assumed
that eels become infected with this acanthocephalan main-
ly by feeding on invertebrate and fish paratenic hosts and
on fish definitive hosts.

Pomphorhynchus laevis (Miiller, 1776)

This acanthocephalan species was recorded from eels
only in the Danube River basin: Rokytna River near
Vémyslice (May 1986: 2/2, 5-274 [140]; June 1987: 1/1,
25).

Pomphorhynchus laevis was previously reported from
eels of this locality by Moravec and Scholz (1991a,b).
Adults of this parasite occur in many fish species of dif-
ferent families, but mainly in cyprinids. The life cycle
involves an intermediate host, gammarids of the genera
Echinogammarus, Gammarus, Pontogammarus Sowinsky
and Corophium Latreille, whereas some small fishes serve
as its paratenic hosts (Moravec 2013). Eels may acquire the
P. laevis infection either by feeding on gammarid interme-
diate hosts harbouring cystacanths or by preying on smal
fishes serving as paratenic or definitive hosts.

Hirudinea

Piscicola geometra (Linnaeus, 1761)

This species was occasionally found on eels in Macha
Lake fishpond system (Elbe River basin) examined in
1975-1977 (see Moravec 1985).

This ectoparasite is known to occur on many fish spe-
cies belonging to different families.

Bivalvia

Glochidium gen. sp. larv.
This parasite was recorded only once in the Danube
River basin: Mostisté water reservoir on the Oslava River

it ws reported by Fri¢ (1908) from eels of the Elbe River
basin in Bohemia (see Table 2).

Glochidia are larval stages of bivalves of the mussel or-
der Unioida Stoliczka occurring as ectoparasites on many
species of fishes. Kaie (1988) reported glochidia of Ano-
donta cygnea (Linnaeus, 1758) from eels in Denmark.

Copepoda

Ergasilus sieboldi Nordmann, 1832
This gill parasite was found only in localities of the Elbe
River drainage system: Macha Lake fishpond system (oc-
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casionally recorded from eels in 1975-1977 — Moravec
1985; August 1994: 13% [2/16], 1;); Orlik water reservoir
near Stédronin (June 1994: 2/9, 1-3 [2]; October 1994: 7%
[1/15], 1; September 1995: 44% [7/16], 1-5 [2]; Novem-
ber 1995: 1/7, 1; May 1996: 7% [1/14], 1; June 1996: 9%
[1/11], 3; October 1996: 53% [8/15], 1-5 [2]); Otava River
near Stédronin (August 1995: 8% [1/12], 1).

This ectoparasite occurs on many species of fishes be-
longing to different families. In eels of the Czech Repub-
lic, it was previously reported by Vojtkova (1959) from
the Svratka River (Danube River basin) and by Moravec
(1985) from the Macha Lake fishpond system (Elbe River
basin).

Fri¢ (1873) mentioned the presence of another species,
Ergasilus gibbus Nordmann, 1832, a specific parasite of
A. anguilla, in eels of the present Czech Republic (Elbe
River basin — locality not given). However, E. gibbus is
a brackish-water species and, therefore, it is highly prob-
able that, in this case, E. sieboldi was misidentified as
E. gibbus.

Branchiura

Argulus foliaceus (Linnaeus, 1758)

This temporary ectoparasite was found on eels in two
localities belonging to the Elbe basin: Macha Lake fish-
pond system (August 1994: 6% [1/16], 1); Otava River
near Stddronin (August 1995: 58% [7/12], 1-2 [1]). In the
former locality, a rare occurrence of A. foliaceus on eels
was previously reported by Moravec (1985).

In the Czech Republic, 4. foliaceus occurs on the skin
of many fish species of different families (Moravec 2001).

Acariformes

Hydrozetes sp.

This ectoparasite was recorded on gills of an eel in the
Macha Lake fishpond system (Elbe River basin) (August
1982: 1/7, 4); this finding was reported by Moravec (1985).

Host categories and specificity of macroparasites of
A. anguilla recorded in the present study

Regarding host-specificity, the parasites recorded can be
roughly divided into the following groups:

(1) Strictly specific species for which eels (Anguilla
spp.) serve as the only definitive hosts (as defined by Oden-
ing 1976): the monogeneans Pseudodactylus anguillae and
P. bini, the cestodes Bothriocephalus claviceps and Pro-
teocephalus macrocephalus, and the nematodes Paraquim-
peria tenerrima, Anguillicoloides crassus, Daniconema
anguillae and Spinitectus inermis.

(2) Species the adults of which also occur in fishes of
other families: the monogeneans Gyrodactylus lucii and
Gyrodactylus sp., the cestode Triaenophorus nodulosus,
the trematodes Azygia lucii and Crepidostomum metoec-
us, the nematodes Camallanus lacustris, C. truncatus,
Cucullanus truttae, Raphidascaris acus and Salmonema
ephemeridarum, the acanthocephalans Acanthocephalus
anguillae, A. lucii, Echinorhynchus truttae, Neoechinor-
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hynchus rutili, and Pomphorhynchus laevis, the hirudinean
Piscicola geometra, the crustaceans Ergasilus sieboldi
and Argulus foliaceus, and the acariform Hydrozetes sp.
Since the present knowledge of the biology of most of
these parasites is inadequate, the role of eels in their life
cycles remains unknown. It can be only assumed that for
some of them (A4zygia lucii, C. truttae, R. acus, N. rutili,
A. anguillae, A. lucii, E. truttae, P. laevis, P. geometra,
E. sieboldi and A. foliaceus) the European eel may serve
as a true definitive host, although in many cases infections
by these parasites are obtained secondarily, upon feeding
on their usual fish definitive hosts. For some other para-
sites 4. anguilla probably serves only as a postcyclic host
(C. metoecus, C. lacustris, C. truncatus and S. ephemeri-
darum), a paradefinitive host in which it cannot reproduce
(T. nodulosus) or an accidental facultative host (G. lucii,
Gyrodactylus sp.).

(3) Parasite larvae with a low degree of host specifici-
ty, which may infect fishes of different families or orders
serving either as intermediate hosts (D. spathaceum, Glo-
chidium sp.), paratenic hosts (E. mergorum) or accidental
facultative hosts (P. ensicaudatum).

A comparison of these groups shows that although
a rather large proportion (26%) of the parasites was rep-
resented by the species specific for Anguilla spp., a great
majority of them (74%) was formed by non-specific spe-
cies represented by adults (61%) and larvae (13%). It is of
interest that there is no trematode species among the eight
parasites specific to eel (two monogeneans, two cestodes
and four nematodes) and that three of them (P. anguillae,
P. bini and A. crassus) represent introduced species.

Table 2 shows that all of the eight parasites specific
for Anguilla spp. were found in the Elbe River basin and
all of them, except for one species (Spinitectus inermis),
were also recorded from the Danube River basin either in
this study or by other authors in the Czech Republic and
neighbouring countries. In contrast, only one parasite spe-
cific for Anguilla spp. (Bothriocephalus claviceps) was re-
corded in the Oder River basin, which may be associated
with the fact that eels rather rarely occur in this drainage
river system (Dyk and Lucky 1957). The presence of non-
specific parasites in eels reflects the distribution of these
species in other fish hosts. For example, Cucullanus truttae
was recorded from eels in the Elbe basin, where it occurs in
salmonids, but not from eels in the two other river basins,
where C. truttae is absent in salmonids (Moravec 2001).

Parasite communities of A. anguilla in different
localities

It is well known that the formation of the parasite fauna
of fishes is affected by many external factors; some of them
condition the existence of a certain parasite in a given envi-
ronment, whereas the effects of others are manifested only
quantitatively. Consequently, the occurrence of a certain
fish parasite in the locality is the result of a synergistic ef-
fect of many factors enabling its sometimes complicated
developmental cycle to be completed. Therefore, an evalu-
ation of a parasite community in a certain fish host species
in a given locality should be based on broad, detailed, long-
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term observations. However, in this study, the numbers of
examined eels from most localities are limited and it is
impossible to make a reliable comparison of the parasite
communities, both qualitative and quantitative, among all
the localities investigated.

Nevertheless, the results obtained indicated marked dif-
ferences in the numbers of parasite species recorded from
eels among some well-sampled localities belonging to
the same main drainage system. For example, in the Elbe
River basin, the highest number (18) of parasite species
was recorded from eels in the Macha Lake fishpond sys-
tem, followed by Orlik water reservoir and the Ohfe River
near Postoloprty (13 species each). Ten species of parasites
were found in the Luznice River near Tabor, seven species
in each of the Rivers Plou¢nice, Sazava and Otava near
Stédrotin, six species in the Jestédsky Brook near Ralsko,
five species in the Podhora reservoir near Tepla, Tepla Riv-
er at Karlovy Vary and Uhlavka Rivulet near Stiibro, four
species in the Elbe and Kamenice Rivers near Hiensko,
Vltava River near Zbraslav and Temelin, Zelivka water
reservoir and pond Bagr at Ceské Budgjovice, three spe-
cies in the Zelivka River, pond Saloun near Lomnice nad
Luznici and storage ponds at Tiebon, two species in the
Libo¢ansky Brook near Zatec, Stary Brook near Kdyng,
Bilka reservoir near Klatovy and pond Pohorka near LiSov,
one species each in the Metuje River near Nachod, Lipno
water reservoir and pond Komornik near Jindfichiiv Hra-
dec. No parasites were recorded from eels in seven other
localities (both streams and still waters); however, except
for the warm-water aquaculture of eels in Tisova, only in-
dividual eel specimens were examined from these locali-
ties.

However, the species composition of parasites of eels
was usually different even if the same or similar numbers
of these organisms were recorded from eels in different
localities. For example, of the seven parasite species re-
corded from eels in the Otava River (P. anguillae, P. bini,
P. macrocephalus, P. tenerrima, A. crassus, C. lacustris
and A. foliaceus), only three (A. crassus, P. tenerrima and
C. lacustris) were found among the six parasites of eels
in the Jestédsky Brook, where, in contrast, three species
(C. metoecus, C. truttae and N. rutili) occurred, which were
absent in the Otava River. It is evident that this difference
is partly associated with the fact that eels in the Jestédsky
Brook share the environment with the brown trout (Salmo
trutta fario) (C. metoecus and C. truttae are common para-
sites of salmonids), whereas no salmonids probably occur
in the section of the Otava River studied.

Of interest is the proportion of specific and non-specific
parasites of eels in the localities. Whereas specific para-
sites represented about 30-40% of all species recorded
in the localities such as the Macha Lake fishpond system
(39%) or the Orlicka water reservoir (31%), from where
high numbers of eels were examined in different seasons,
in most other localities it ranged from 0 to 25% or from 50
to 100%. Of the specific parasites of eels, the most distrib-
uted species was the tapeworm B. claviceps recorded from
24 localities belonging to all the three main river basins;
widely distributed were also the tapeworm P. macrocepha-
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lus and the nematode P. tenerrima, recorded from 14 and
15 localities, respectively, which belong to the Elbe and
Danube basins. The pathogenic swimbladder nematode
A. crassus was recorded from eight localities of the Elbe
and Danube basins (see above). On the contrary, the nema-
tode S. inermis was found in a single locality (Macha Lake
fishpond system) and the nematode D. anguillae only in
three localities (Macha Lake fishpond system and Ohie and
Plou¢nice Rivers). The composition of non-specific para-
sites found in eels mostly depended on the character of the
locality and other fish species co-inhabiting the environ-
ment.

Since no long-term observations in the localities under
investigation (except for the Macha Lake fishpond system
— see Moravec 1985) were conducted throughout the year
and only small numbers of eels from the majority of lo-
calities were examined, any quantitative comparisons, both
within a given locality and between different localities,
were not considered as they would be misleading.

DISCUSSION

Metazoan parasites of the European eel Anguilla an-
guilla have been intensively studied, mainly during re-
cent decades, by researchers in many countries of Europe
and some of North Africa (e.g. Kaic 1988, Schabuss et al.
1997, 2005, Borgsteede et al. 1999, Di Cave et al. 2001,
Kennedy 2001, Kennedy and Moriarty 2002, Kennedy and
Fitch 1990, Maillo et al. 2005, Saraiva et al. 2005, Rol-
biecki and Rokicki 2006, Kristmundsson and Helgason
2007, Hermida et al. 2008) and numerous papers were pub-
lished dealing with these parasites and their communities
in freshwater, brackish-water and marine environments in-
habited by this catadromous fish host.

According to Borgsteede et al. (1999), at least 64 spe-
cies of macroparasites were known to occur in eels from
13 European countries at that time, but now this number,
within the whole range of 4. anguilla, may be estimated
to be around 100. The number (31) of parasite species re-
corded from eels in the freshwater localities of the Czech
Republic is considerably higher as compared with those
recorded in freshwater localities in other countries, where
the numbers of species are less than 20, but usually only
about 10 (see e.g. Borgsteede et al 1999 for survey). The
highest number (35) of macroparasites of eels was reported
from Denmark, but this figure concerns eels from freshwa-
ter, brackish-water and marine localities (Koie 1988, Borg-
steede et al. 1999).

Since the species composition of the parasite fauna of
eels is considerably influenced by the presence of non-
specific parasites co-occurring in fishes of other families
in the same localities (see above), the most interesting and
important is the distribution of the parasites specific for
eels (Anguilla spp.). It has been mentioned above that eight
specific species were recorded in this study. An additional
specific parasite of the European eel, the nematode Rhab-
dochona anguillae Spaul, 1927, is known to occur only in
the streams of Spain and Portugal (Spaul 1927, Saraiva and
Moravec 1998); it is also reported from eels in Bulgaria
(Margaritov 1968), but this record should be verified, be-
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cause other Rhabdochona spp., parasites of other fishes,
may be accidentally found in 4. anguilla serving as a post-
cyclic host (e.g. R. paski Baylis, 1928 from eels in Egypt
— Moravec 1974). Rhabdochona anguillae seems to be re-
stricted in its distribution to southern Europe only. A mor-
phologically very similar species, R. keralaensis Moravec,
Sheeba et Kumar, 2012, is a specific parasite of Anguilla
bengalensis (Gray) in India (Moravec et al. 2012).

Amin et al. (2008) described Acanthocephalus rhinen-
sis Amin, Thielen, Miinderle, Taraschewski et Sures, 2008
from 4. anguilla in the Rhine River, Germany. Even though
other hosts of this acanthocephalan remain unknown, be-
cause of its rarity in eels from the type locality, Amin et al.
(2008) assumed that 4. anguilla is only an accessory host
that may play a marginal role in the circulation of this para-
site in the environment. Therefore, 4. rhinensis cannot be
considered as a specific parasite of eels. Moreover, the tax-
onomy of some species of Acanthocephalus Koelreuther,
1771 and Echinorhynchus Zoega in Miiller, 1776 parasitis-
ing European freshwater fishes seems to be somewhat con-
fused and, consequently, the validity of A. rhinensis needs
a verification.

In addition to the above-mentioned specific parasites of
European eels in freshwaters, there are specific macropara-
sites occurring in this fish host in the brackish and marine
localities, represented by the monogenean Gyrodactylus
anguillae Ergens, 1960, the trematodes Deropristis in-
flata (Molin, 1859) and Bucephalus anguillae Spakulova,
Macko, Berrilli et Dezfuli, 2002, the nematode Goezia
anguillae Lébre et Petter, 1983, the acanthocephalan Pa-
ratenuisentis ambiguus Van Cleave, 1921 and the cope-
pod Ergasilus gibbus. It may be that also the nematode
Cucullanus egyptae Abdel-Ghaffar, Bashtar, Abdel-Gaber,
Morsy, Mehlhorn, Al Quraishy et Mohammed, 2014, re-
cently described from A. anguilla from off the coast of the
Gulf of Suez (Red Sea, Egypt) (Abdel-Ghaffar et al. 2014)
is a specific parasite of eels, but it is poorly described and
not clearly distinguished by morphometrical features from
its congeners; therefore, it should be considered a species
inquirenda.

Taxonomic note: Spakulova et al. (2002) described
a new trematode species, Bucephalus anguillae (Bu-
cephalidae) from 4. anguilla in a brackish-water fish farm
on the Italian coast of the Adriatic Sea; later this species
was also reported from eels in the coastal lagoons of Tuni-
sia (Abdallah and Maamouri 2002) and in Corsica, France
(Filippi et al. 2010). This species is probably identical with
Gasterostomum fimbriatum Molin, 1859 (different from
G. fimbriatum Siebold, 1848 from Perca sp. and Sander
sp., which was synonymised with Bucephalus polymor-
phus Baer, 1827 by Wagener 1858) from the same host
(A. anguilla) in northern Italy (Padova) near the Adriatic
coast (Molin 1859).

In contrast to the composition of specific parasites of
A. anguilla in freshwaters, the group of specific parasites
of this fish in brackish and marine waters includes two
trematode species, one acanthocephalan species and one
copepod species; no specific trematodes, acanthocephalans
or copepods occurred in eels from freshwater localities. Of
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the six specific parasites in brackish and marine localities,
one (P. ambiguus) represents a species introduced into Eu-
rope from North America (Taraschewski et al. 1987).

The group of non-specific adult parasites of eels is rather
variable in different localities and mostly depends on the
composition of the local fish fauna, because eels acquire
the infection by these parasites while feeding on their fish
definitive hosts or infected invertebrate or fish intermediate/
paratenic hosts. This group of parasites is highly variable as
to the species composition, which differs considerably from
one locality to another and with respect to the characteris-
tics of the environment. In addition to the parasite species
recorded from eels in this study, other adult non-specific
parasites were found in this host in freshwater localities in
other countries, for example the trematodes Bunodera lu-
ciopercae (Miiller, 1776), Crepidostomum farionis (Miiller,
1780), Nicolla gallica (Dollfus, 1941), Phyllodistomum
folium (Olfers, 1816) and Sphaerostoma bramae (Miiller,
1776), the nematodes Pseudocapillaria tomentosa (Dujar-
din, 1843) and Philometra cyprinirutili (Creplin, 1825), the
acanthocephalan Acanthocephalus clavula (Dujardin, 1845)
and many others. In marine and brackish-water environ-
ments, this group of non-specific parasites of eels is repre-
sented by a large number of trematode species (e.g. species
of Derogenes Lithe, 1900, Hemiurus Rudolphi, 1809, Leci-
thaster Liihe, 1901, Lecithochirium Lihe, 1901, Limnoder-
etrema Bray, 1987 and Podocotyle Dujardin,1845), some
nematodes (e.g. species of Cucullanus Miiller, 1777 and
Hysterothylacium Ward et Magath, 1917), acanthocepha-
lans [e.g. some Echinorhynchus spp. and Acanthocepha-
loides incrassatus (Molin, 1858)] and the isopod Gnathia
maxillaris (Montagu, 1804), which currently occur in other
marine and brackish-water fishes.
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