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Abstract

The dispersal and distribution of the alien nematddguillicola crassusparasitizing the
European eelAnguilla anguillg in the southern Baltic and in waters of northewiaRd is
analyzed. The parasite’s presence in eel wasrérgirded in 1988 in the Vistula Lagoon when
the prevalence of infection and intensity rangesew&8.3-75% and 1-25 parasites per infected
eel, respectively. In 2000-2002, as many as 73.B9860f the eel were affected at an intensity
range of 1-53 parasites. In addition to the Vistukgoon, A. crassuswas recorded in the
Szczecin Lagoon, the Gulf of Gk, and the Puck Bay as well as in lakeszDay tebsko,
Przywioka, Skpe, Wielewickie, Miedwie, fisko, tetowskie, Niegocin, Mamry Péinocne,
Strazyn, Raduiskie, and a lake in the village of Gaj as well asthe rivers Rega, Radew,
Wieprza, and Dead Vistula. The prevalence of imd@ectvas reported to be between 26.4% and
100%. It can be assumed that the colonization@ttd byA. crassusand the parasite’s dispersal
in European waters, including Poland, will increase
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Taxonomy and origin

Parasitic nematodes of the genAsguillicola are represented by the
following five species:Anguillicola globiceps Yamaguti, 1935 parasitizing
Anguilla japonicain Japan and Chingnguillicola australiensislohnston et
Mawson, 1940 fromAnguilla reinhardtii in southern Australiapnguillicola
crassusKuwahara, Niimi et Itagaki, 1974 frodnguilla japonicain east Asia
and fromAnguilla anguillain Europe;Anguillicola novaezelandiakloravec et
Taraschewski, 1988 fromnguilla australisand probablyAnguilla diffenbachii
in New Zealand and Australia and froAnguilla anguilla in Italy; and
Anguillicola  papernai Moravec et Taraschewski, 1988 fromAnguilla
mossambican the Republic of South Africa (Moravec and Tafrasvski 1988,
Moravec 1994).

Table 1

First published records of the presence of Anguillicola crassus in various
European countries.

Country First published report
Austria Konecny and Wais (1993)
Belgium Balpaire et al. (1989)
Belarus Bauer (1998)

Czech Republic | Moravec (1992)

Denmark Koie (1988)

Estonia Kangur et al. (1994)
France Dupont and Petter (1988)
Germany Neumann (1985)

Greece Balpaire et al. (1989
Hungary Szekely et al. (1991)
Ireland Evans and Matthews (1999)
Latvia Vismanis et al. (1999)
Italy Canesti-Trotti (1987)
Macedonia Cakic et al. 2002
Netherlands Van Banning et al. (1985)
Norway Mo and Stein (1994)
Poland Wiasow et al. (1991)
Portugal Cruz et al. (1992)

Russia Zaostrovceva (1993)
Spain Belpaire et al. (1989)
Sweden Hellstrom et al. (1988)
United Kingdom | Kennedy and Fitch (1990)
Yugoslavia after Hoglung and Thomas (1992)

Anguillicola crassuswas accidentally introduced to Europe (northern
Germany) in 1982, most probably with imported itdelsJapanese eel from a
culture in Taiwan (Neumann 1985, Koops and Hartma889, Koie 1991).
Subsequently, the species spread very rapidlytaglang cultured and wild eel
populations. At presenfA. crassusoccurs in almost all European countries
(Table 1), in north Africa in Egypt (Koops and Haann 1989), Marocco (El
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Hilali et al 1996), and Tuniesia (Maamowt al. 1999), in the American eel in
the United States (Friext al 1996, Barse and Secor 1999), and in Taiwan (Ooi
et al. 1996).

In addition, Anguillicola novazelandige initially identified as
A. australiensis has been recorded locally in Europe. Its presevae first
reported in Lake Bracciano in ltaly where it wasraduced in 1975 with
Anguilla australis(Paggiet al 1982, Moravec and Taraschewski 1988). The
presence of the nematode was confirmed in subsegtgaies carried out in
1988-1993 (Moraveet al. 1994).

Fig. 1. Anguillicola crassus Kuwahara, Niimi et Itagaki, 1974. A, B — head end
of male and female, C — buccal capsule of female, D — posterior end of male,
E — tail of male, F — caudal end of female, G — vulva, H — larva from uterus.
(After Moravec and Taraschewski 1988 and Moravec 1994).

Morphology (after Moravec and Taraschewski 1988 and Moravec 1994),
biology, and life cycle

The Anguillicola crassusbody is fusiform, usually plump, and tapers at
both ends. The buccal capsule is well sclerotized, has one row of 21-28
circumoral teeth. As the nematode feeds on bldue bbdy has a dark brown
coloration (Fig. 1).
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Adult females measure 13.08-44.74 mm in length &r&P-5.0 mm in
maximum width. The buccal capsule measures 0.02270mm in length and
0.054-0.063 mm in width. The esophagus is 0.779-Inin long, with a
maximum width of 0.204-0.381 mm. The esophagustletwtotal body length
ratio is 1:15-40. The nerve ring is located 0.2580 mm from the anterior end
of the body, and the excretory pore is situatedDB142 mm away from it.
The prominent vulva is conical and located 3.4@7fm from the posterior
end of the body. Most of the body is occupied by therus filled with eggs
containing developing embryos as well as fully deped and molting larvae
measuring 0.244-0.258 mm in length and 0.015 mmvidth. The conical tail
measures 0.136-0.448 mm.

Males measure 5.77-23.12 mm in length and 0.34D-thh in maximum
width. The male buccal capsule length and maximudithamanges are 0.021-
0.027 and 0.048-0.063 mm, respectively. The esaphlength and maximum
width are 0.571-0.843 and 0.135-0.258 mm, respalgtiv he esophagus length
to body length ratio is 1: 9-29. The nerve ring0i210-0.286 mm from the
anterior end of the body, and the excretory poréeated 0.694-0.924 mm
from it. The cloacal duct opens onto a prominemicpss that is 0.048-0.090
mm long. There are six pairs of caudal papillagve to three of which are
preanal, one adanal, and two to three postanalc®hieal tail measures 0.109-
0.286 mm.

Females are ovoviviparous and expel eggs contastage |l larvae which,
via the pneumatic duct and intestine, exit to tkeermal medium - water. A
single female is able to produce up to 150,000 dddg®mas and Ollevier
1993). The life span of the free-living larvae deg® on salinity and
temperature. At 30, 21, and 4°C the larvae surfivel5, 23, and 42 days,
respectively (De Charlerogt al 1987). When swallowed by an intermediate
host (mainly a cyclopoid copepod, more seldom araosd or an amphipod),
the stage Il larvae move to the haemocoel wheter 40-12 days at 21 °C (De
Charleroyet al 1990) they molt into a stage lll larva, a fistvader. The
A. crassudife cycle involves paratenic hosts, mainly vagamall fish which,
by feeding on copepods carrying stage lll larvaegome infected, but the
larvae remain at the same developmental stagetelRardnosts are particularly
important for large eel that, more often than rieed on other fish (Fig. 2).
Stage Il larvae were reported from numerous fiphcges,i.e., carp bream,
Abramis brama roach, Rutilus rutilus perch, Perca fluviatilis ruffe,
Gymnocephalus cernuusander Sander luciopercde.g, Thomas and Ollevier
1992, Székely 1994, 1995, Rolbiecki 2002, 20038ge, Pelecuscultratus
(Rolbiecki 2002, 2003a); blealjlburnus alburnusasp,Aspius aspiuswhite
bream, Abramis bjoerkna gibel carp, Carassius auratys gudgeon, Gobio
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albipinnatus common carpCyprinus carpig tench,Tinca tinca pumpkinseed,
Lepomis gibbosuspike, Esox lucius European catfishSilurus glanis river
goby, Neogobius fluviatilis (e.g, Székely 1994, 1995); smelQsmerus
eperlanus(e.g, Haenen and van Banning 1990, Rolbiecki 2003mklsback,
Gasterosteus aculeatu@Belpaire et al 1989, Thomas and Ollevier 1992,
Rolbiecki 2003c); three-spined sticklebadRungitius pungitius(Rolbiecki
2003c); round gobyNeogobiusmelanostomugRolbiecki 2004a); and dab,
Limanda limanda(Rolbiecki 2004b). The role of paratenic host edso be
assumed by amphibians: tadpoles of the fBmmbinabombina and the newt,
Triturus vulgaris(Moravec and Skorikova 1998), and even snailg, Galba
corvus (Moravec 1996), or aquatic insectsg, larvae of the alderflySialis
lutaria (Megaloptera), the dragonfli&ympetrum sanguineuamd Coenagrion
puella (Odonata), and the caddisi@iigotrichia striati (Trichoptera) (Moravec

and Skorikova 1998).
N Egg, LZ!
Intermediate hosts,

L2, L3
Paratenic hosts,
s L3

Definitive host,
adult

Fig. 2. Life cycle of Anguillicola crassus

The role of paratenic hosts in various water bodaes differ depending on
the food preferences of the eel. For example, thie A crassugaratenic host
in Lake Balaton is bleak (Székely 1994) as it aot®fior as much as 93.5% of
the eel food (Paulovits and Biré 1987). Thus, emldme infected either via
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intermediate or paratenic hosts, the latter inengashe possibility of the

parasite life cycle being completed. Stage Il &rvmove from the definitive
host’'s intestinal lumen through the intestinal wadhd the body cavity to the
swim bladder where, two to three weeks later, tmejt to become stage IV
larvae. These larvae feed on the host’s blood, mote again, mature, and
begin to reproduce. Under laboratory conditions2@iC, the life cycle is

completed in 2 months (De Charlergtyal 1990).

Pathogenicity, clinical symptoms, and anatomopathological changes
produced

Anguillicola crassusas proved more dangerous to the European thae to
Japanese eel (type host). In Japan, 10-40% of ¢heare infected by the
nematode. Although it lives in the swim bladder d@edds on blood, the
nematode does not harm the host in any substanaaher. As reported by
Egusa (1979), the Japanese eel has been evolilfiommunized to any
damage the parasite could induce. On the other, lla@chematode’s prevalence
in the European eel may be as high as 100%, tketiah intensity reaching
several tens of nematodes per infected fish, witighnot leave the host's
condition unaffected.

Anguillicola crassuscauses anguillicolosis. The nematodes feedingimwith
the eel produce acute and chronic inflammationsedsas edemas and fibrosis
of the swim bladder walls which become opaque dnckéned €.g, Van
Banning and Haenen 1990, Molnér al 1993). Occasionally, the adjacent
organs may become fibrotic as well (Van Banning &taknen 1990). The
feeding nematodes mechanically damage the swimdetadpithelium. The
epithelial cells become hyperaemic, hypertrophigenplasic, and dysplasic,
which frequently results in collapse of the swimadder (Wirtz and
Taraschewski 2000). When the swim bladder holdsigh mumber of the
nematodes, the fish abdomen is swollen (K&tlkal 2000). Frequently, the eel
swim bladder contains a thick, black liquid thagembles blood - a remnant of
dead nematodeg.g, Rolbieckiet al 2000). As the larvae migrate in the swim
bladder wall, they damage it and cause hemorrhddeswalls of the intestine
and swim bladder often have tumors containing daage and their remains
(Molnér 1994) A. crassusmpairs swim bladder gas secretion. The gas cbnten
in a healthy eel's swim bladder is 70% oxygen, al2&%6 carbon dioxide, with
argon and nitrogen as the remaining gases. Inirffested by as few as 10 adult
nematodes, the volume of oxygen in the swim bladdezduced by as much as
60% (Wirtz and Taraschewski 2000). In addition,stvmming speed of such
fish is reduced by 18% (Kirk 2003), making theasprey for large predators
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Table 2

The occurrence of Anguillicola crassus in the eel in the Polish zone of the
southern Baltic and northern Poland.

Reservoir Sampling| No. of fish examined PrevalengeMean intensity| Range of intensit:
date [%] [ind.] [ind.]

Vistula Lagoon

[Grawinski 1994] 1988 - 75t 12t -

[Rolbiecki et al. 1996] 1988-1990 117 63.3 - 1-25

[Wiasow et al. 1997] 1996 10 100 8.3 1-24
1997 14 929 6.9 1-17
1997 18 94.4 10.3 1-30
1997 12 91.7 4.3 1-11
1997 12 100 2,0 2

[Rokicki et al. 2002] 2000 288 73.6 7.0 1-53

[Bystydzieiska et al. 2003] 2001-2002] 488 76.2 7.0 -

Jezioro Druzno

[Rolbiecki and Rokicki 1997, unpubl.] 1997 16 375 7.3 5-16

Jezioro Radtskie

[Rolbiecki 2004, unpubl.] 2004 2 100 12 6-18

Dead Vistula

[Rolbiecki 1996, unpubl] 1996 8 375 5.0 3-8

[Rolbiecki 2004, unpubl] 2004 12 58.3 6.0 2-12

tebsko Lake

[Morozinska 2004] 2001-2003 60 78 6.2 1-26

Jeziora Przywioka, Ske, Wielewickie

[Grawinski 1994] 1989 - about 80 - -

Lake Miedwie

[Sobecka and Piasecki 2002] 1997-99 20 100 - 3-44

Lake ksko

[Orecka-Grabda et all. 1994] 1993 84 88.7 - 1-15

[Rzad 1998] 1993-1996 136 88.7 - 1-15

Szczecin Lagoon

[Rzad 1998] 1993-1996 136° 65.0 - 1-35

[Garbacik-Wesolowska and Szkudlarek 1994] 1993 106 26.4 - 0-12
1994 19 68.4 - 0-11
1994 16 375 - 0-36

[Sobecka 1995] 1993 106 245 - -
1994 - 68.4 1-29

Pomeranian Bay

[Garbacik-Wesotowska and Szkudlarek 1994] 1994 10 30.0 - 0-10

Pomeranian rivers:

Rega 1999-2003 198 59.1 1.7 1-11

Radew 2000-2001 64 65.6 21 1-12

Wieprza 1999-2001 60 41.7 1.3 1-8

[Pilecka-Rapacz and Sobecka 2004]

Lake tgtowskie

[Garbacik-Wesolowska and Szkudlarek 1994] 1994 29 69.0 - 0-22

[Sobecka 1995] 1994 29 69.0 - -30*

Lake Niegocin

[Wiasow et al. 1991] 1989 15 27.7 - 1-2

Lake Mamry Pétnocne

[Wiasow et al. 1991] 1990 15 27.7 - 2-33

Lake Strayn

[Wiasow et al. 1994] 1993 55 78.3 - 1-204 600

Lake in the town Gaj

[Wiasow et al. 1994] 1993 55° 25.0 - 1-102

Gulf of Gdaisk

[Rolbiecki et al. 2000] 1997-1998 372 41.9 3.0 -

Gulf of Puck

[Bystydzieiska et al. 2003] 2001-2002] 133 74.4 8.3 -

: the author published the maximum prevalence at&hsity values only

: a single eel regurgitated by a black cormorartdty Rybackie

: the number of fish examined was a pooled sanmpta the Szczecin Lagoon and Laksko
: the author published the maximum intensity valorely

: the number of fish examined was a pooled sanmpta fakes Strayn and Gaj

-2 no value reported

2
3
4
5
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(Barse and Secor 1999). Moreover, Koie (1988) cuigethat anguillicolosis
impairs the ability of eel to undertake spawninggraiions to the western
Atlantic. Tesch (1995) adds that a properly fundtig swim bladder is
indispensable in long-distance oceanic migrati@)saaong other functions, it
helps fish maintain the appropriate depth durirgy day (500 m) and at night
(250 m).

As reported by Lefebvret al. (2002), danger from swim bladder damage
increases as eel grow; this is most probably rélabethe accumulation of
pathological changes.

In the presence of additional stressoesg{( bacterial infection, oxygen
deficiency in the water, high fish density, trangpahe afflicted fish affected
may die. Mortality of this kind was reported in leaBalaton in Hungary in
1991 (Molnéret al 1991) and in the Czech Republic in 1994 and 1(828u3
1994, 1995).

Dispersal and distribution of Anguillicola crassusin the el in the Southern
Baltic and adjacent waters

Most of the data on the occurrencefofcrassusn the eel in Poland come
from northern Poland and the Baltic Sea. In thigiae, the presence of
A. crassudhas been reported from the Vistula and Szczecgoduas, the Gulf
of Gdaisk, the Puck and Pomeranian Bays, and from the IBkezno, tebsko,
Przywioka, Skpe, Wielewickie, Miedwie,risko, tetowskie, Niegocin, Mamry
Pétnocne, Strayn, Raduskie, a lake in the village of Gaj, and in the rive
Rega, Radew, Wieprza, and Dead Vistula (Table 2)stMhematode studies
were conducted in the Vistula and Szczecin lago@he first record of the
parasite dates to 1988 when it was identified exWistula Lagoon (Grauiski
1988, Rolbieckiet al 1996) in 75% (Graviski 1994) and 63.3% of the eel
examined (the latter value was calculated basetherprevalence in the fish
caught in 1988-1990) (Rolbieckt al 1996). It is worth adding that Graski
(1994) did not mention the number of fish examinadd the prevalence of
infection he reported, which was calculated fromsraall number of fish
examined, could have been overestimated. Additipn@rawinski (1994) only
reported the maximum prevalence and intensity. &ylosnt studies on Vistula
Lagoon eel indicated that there was an increagbdrextent of infection. In
2000, the prevalence and mean intensity were 73a8fb 7.0 parasites,
respectively; in 2001-2002, the prevalence was robsgeto increase to 76.2%,
while the mean intensity remained at an unchangeel (Bystydziéaskaet al
2003). It should be mentioned here that the Vistidgoon eel were examined
for parasites in 1996-1997 as well, but the studplved as few as 1-18 fish
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specimens (Wiasowt al 1997). In the Szczecin LagooA, crassuswas first
identified in 1993 (Garbacik-Wesotowska and Szkrekal 994, Sobecka 1995,
Rzad 1998). The prevalence and maximum intensity tepoby Garbacik-
Wesotowska and Szkudlarek (1994) were 26.4% anplatasites, respectively;
the authors did not mention the value at the lovsinsity. Sobecka (1995)
reported an infestation prevalence of 24.5%, bdt it report the intensity
level, while Rad (1998) reported prevalence and intensity of 65% &-35
parasites, respectively. The differences in infectould have resulted from the
fact that Rzd (1998) reported prevalence of infection pooleérathe 1993-
1996 period, while Garbacik-Wesotowska and Szkedlgdd994) and Sobecka
(1995) referred only to 1993 values. AdditionaRzad (1998) did not state the
number of fish examined. Garbacik-Wesolowska andu@arek (1994)
reported two eel samples, examined in 1994 (widhvadences of 37.5% and
68.4%), consisting of as few as 16 and 19 specinterike same year, Sobecka
(1995) reported higher prevalence (68.4%), butraitmention the number of
fish examined.

There were usually only single samples from theaiemg areas. The
proportion of infected fish ranged from 30% in #emeranian Bay (Garbacik-
Wesotowska and Szkudlarek 1994), 41.9% in the @utdaisk (Rolbieckiet
al. 2000), to 74.4% in the Puck Bay (Bystydizkaet al 2003). Among the
eel caught in lakes, the prevalence of infectionedafrom 25% in the lake in
the village of Gaj (Grawiski 1994) to, for example, 88.7% in Laké&sko
(Orecka-Grabdat al 1994, Rad 1998) and even to 100% (based on as few as
20 fish examined) in Lake Miedwie (Sobecka and &tk 2002). The
prevalence in rivers ranged from 41.7% in the Waapo 65.6% in the Radew
(Pilecka-Rapacz and Sobecka 2004).

The differences in the infection level in variouater bodies could have
resulted from a number of factors. These can bichicluding the presence of
intermediate hosts (mainly copepods), parateni¢shas the opportunity the
fish have to migrate from one reservoir to anotfibey can also be abiotic and
include factors such as salinity or temperaturethey can be anthropogenic.
The presence of a high number of species that @enial intermediate and
paratenic hosts increases the chance of the dedifibst, the eel, to become
infected. Migrations of both paratenic hosts antlage an important factor
enhancing dispersal of the parasite both on a laodl global scale. Water
temperature is an important factor acceleratingptasite’s development. On
the other hand, salinity may be a factor limititwg wistribution ofA. crassus
The parasite is commonly regarded as a freshwpemies, but, as reported by
numerous authors (including those referred to i plaper), it is highly tolerant
to salinity changes. Human activities, particulamlycontrolled stocking, may
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play a role as well. Each batch of stocking matestimuld be examined for the
presence of parasites, includilg crassus and the infected fish should be
eliminated. The water infected fish were transpbiite should not be poured
into clean reservoirs, as it may contain stagarilde.

In summary, the distribution range Af crassusn northern Poland and the
Baltic is increasing as is the extent of infection. Peshidne process will level
off with time as a result of a stabilizing effegieeted by constraints imposed by
interspecific interactions and habitat saturation.
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