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ABSTRACT: Over a period of 2 yr eels were collected at several sites along the river Rhine as well as
from adjacent waters and examined for Anguillicola crassus in the swimbladder. Additionally eels were
collected once from a site on the river Naab (Danube system). All eels were searched for both juvenile
and adult stages of A. crassus, revealing prevalences of 80 % in eels from the river Rhine and 39 % in eels
from the river Naab. The mean intensities were 5.6 and 7.7, respectively. With respect to the prevalence
and mean intensity of infection, no significant differences were observed between the different sam-
pling sites in the Rhine system. Neither the prevalence nor the intensity showed significant seasonal pat-
terns. Further, no correlation between the condition factor of the eels and intensity of infection with A.
crassus could be found. Of all eels examined, 28 % showed pathological alterations of the swimbladder.
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INTRODUCTION

The genus Anguillicola, Yamaguti 1935, is com-
prised of 5 species (Moravec & Taraschewski 1988).
All species inhabit the swimbladder of eels (genus
Anguilla) in various regions of the world. Four species
show a relatively limited distribution whereas Anguil-
licola crassus, which onginated in East Asia, rapidly
spread all over Europe after it was introduced in
the early 1980s (Neumann 1985, Canestri-Trotti 1987,
Taraschewski et al. 1987, Dupont & Petter 1988, Koie
1988, Moravec & Taraschewski 1988, Belpaire et al.
1989, Dekker & Van Willigen 1989, Koops & Hartmann
1989, Fontaine et al. 1990, Kennedy & Fitch 1990, Koie
1991, Médller et al. 1991, Székely et al. 1991, Hoglund
et al. 1992, Moravec 1992). It also occurs in some
African countries and the Mediterranean Sea (Mora-
vec 1992, Benajiba et al. 1994, El Hilali et al. 1996). It is
now also found in Anguilla rostrata in the USA (John-
son et al. 1995, Fries et al. 1996). This rapid spread
shortly after the introduction of A. crassus was assisted
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by human interference (Belpaire et al. 1989, Kennedy
& Fitch 1990) and the excellent colonization ability of
A. crassus (Kennedy & Fitch 1990). The life cycle of A.
crassus involves mainly cyclopid copepods as inter-
mediate hosts (Equsa 1979, De Charleroy et al. 1990,
Kennedy & Fitch 1990, Bonneau et al. 1991, Thomas
1993, Wurtz et al. 1996) as well as other crustaceans
(Petter et al. 1990, Bonneau et al. 1991, Thomas 1993,
Moravec & Konecny 1994). About 30 fish species are
known to serve as paratenic hosts, which has further
facilitated the spread of A. crassus (De Charleroy et al.
1990, Haenen & Van Banning 1990, 1991, Thomas &
Ollevier 1992a, Moravec & Konecny 1994, Pazooki &
Székely 1994, Reimer et al. 1994, Székely 1994, 1995,
1996, Székely et al. 1996). Additionally, at least one
species of aquatic snails can act as paratenic host for A.
crassus (Moravec 1996). This low host specificity cer-
tainly accelerated the spread of A. crassus once it
reached a non-parasitized water system.

Although many reports of the occurrence of Anguil-
licola crassus have been published (Canestri-Trotti
1987 Taraschewski et al. 1987, Koie 1988, Belpaire et
al. 1989, Dekker & Van Willigen 1989, Koops & Hart-
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mann 1989, Fontaine et al. 1990, Kennedy & Fitch
1990, Moller et al. 1991, Hoglund et al. 1992, Moravec
1992, Spangenberg & Reinhold 1992, Pilcher & Moore
1993, Barus 1995, Molnar & Székely 1995, Barus et al.
1996), it remains unclear whether the prevalence and
intensity of infection with A. crassus in European eel
populations is still increasing. Data from The Nether-
lands show a decrease in prevalence and intensity
(Haenen et al. 1994), and Ashworth {1994) states that
intensities of infection reach a stable level after some
time. On the river Rhine at Karlsruhe a study of eels
was set up to examine whether a similar trend in the
decrease of prevalence of A. crassus could be ob-
served, if prevalence is still increasing, or if the para-
site population had already reached a stable level.
Additionally, eels from the river Naab were examined
for A. crassus. The river Naab belongs to the Danube
system which is naturally free of eels (Bless et al. 1994).
Eel populations in the Naab are therefore due to stock-
ing by man.

MATERIAL AND METHODS

A total of 355 eels Anguilla anguilla were collected
from different sample sites in the Rhine system near
Karlsruhe between June 1994 and November 1995. In
the river Naab (N), 38 eels were caught in October
1994. The eels were caught by electric fishing, except
for a sample from the Rhine backwater 'RuBBheimer
Altrhein’ (RA) which was taken once from fyke nets.

Table 1. Dates of fishing and sample sites. (Site abbreviations
are explained in ‘Material and methods')

Date Sample site n
1994
28 Jun S 7
22 Jun RA 22
23 Aug HF 2
23 Aug S 10
26 Sep HR 22
28 Sep F 23
25 Oct N 38
8 Nov HR 23
8 Nov HF 20
1995
14 Mar F 25
4 May S 11
4 May HF 26
8 Aug S 16
8 Aug HR 23
8 Aug HF 24
24 Oct F 30
7 Nov S 17
7 Nov HR 24
7 Nov HF 20

On the river Rhine 4 regular sample sites, differing in
water velocity and zooplankton density, were set up
and monitored over the whole period (Table 1). These
were situated at the following locations: (1) the 'Haupt-
rhein’ (the main course of the Rhine) in front of the
‘Strandbad Rappenworth': highest current speed, low-
est zooplankton content (HR); (2) the backwater
‘Salmengrund’: medium current speed, medium zoo-
plankton content (S); (3) basin 'Hafenbecken III' at the
Rhine harbour of Karlsruhe: no current, medium zoo-
plankton content (HF); (4) the gravel pit lake 'Fer-
masee' near Neuburgweiher: no current, highest zoo-
plankton content (F).

Live eels were transported to the laboratory, and
their weight (g) and length (cm) was recorded. After-
wards they were killed by decapitation, the abdomen
was opened and the swimbladder removed. Adult/
preadult worms were removed from the swimbladder
lumen and sex was determined. The swimbladder wall
was then searched for larvae by using 2 perspex plates
and a stereo binocular microscope (Stemi 2000, Zeiss,
Germany) with magnifications ranging from 16x to
40x. Alterations of the swimbladder wall were re-
corded and divided into 4 damage classes (similar to
Hartmann 1994): dc 0 (damage class 0) swimbladders
without tissue alterations, the swimbladder wall is thin
and transparent; dc1 (damage class 1) the swimblad-
der wall is slightly thickened and cloudy; dc 2 (damage
class 2} swimbladders with thickened, cloudy walls
and dilated blood vessels; dc3 (damage class 3) swim-
bladders with heavily thickened, opaque walls, dilated
blood vessels and restricted lumen.

Weight and length data for all eels were used to
calculate the condition factor (Bagenal & Tesch 1978).
For statistical analysis the H-test (Kruskall-Wallis test)
was employed. Significance was accepted for p < 0.05.
To analyse correlations between different parameters
the Spearman correlation coefficient was used (Lienert
1986, Sachs 1992). The statistical tests were performed
with SYSTAT 5.0 running on a Macintosh computer.

RESULTS

The measured lengths, weights and condition factors
of the investigated eels are summarised in Table 2. In
regard to the condition factors no significant differ-
ences were found between eels from the rivers Rhine
and Naab.

The prevalences pooled over all sampling dates and
mean intensities of all Anguillicola crassus stages in
the eels from the 2 river systems are presented in
Fig. 1. The data for the different developmental stages
are summarised in Table 3. The eels from the 2 differ-
ent river systems, Rhine and Naab, showed significant
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Table 2. Anguilla anguilla. Length, weight and condition factor of all eels examined

Rhine {n = 355)
Length (cm) Weight (g) c-factor
Min. 16 8 0.08
Max. 79 958 0.26
X+ SD 48 £ 10.5 200 + 136 0.153 + 0.02

Naab (n = 38)
Length {¢cm) Weight (g} c-factor
38 58 0.1
75 684 0.19
52+£9.5 239 + 151 0.145 + 0.02

differences (p < 0.001) in both prevalences and mean
intensities. The prevalence in eels from the Rhine
(80%) was more than twice as high as in eels from the
Naab (39 %) although the mean intensity was higher in
the Naab. No correlation could be found between
intensity of infection with A. crassus and weight or
length of infected eels. Furthermore, no correlation
between intensity and condition factor could be
observed.

The eels from the different sample sites at the Rhine
system showed no significant differences, either in
prevalence or in intensity of infection. Although slight
differences in prevalence and intensities between the
different sampling dates could be found, these differ-
ences were not statistically significant and no seasonal
patterns in prevalence or intensity were found, either
with adult or with larval stages. The prevalences and
intensities remained stable throughout the 2 yr of
observation, and no increasing or decreasing trend
could be observed.

Out of the 92 examined eels from site HR, 70 were
infected with 6.3 Anguillicola crassus on average. The
lowest prevalence (64 %) was found in autumn 1994,
the highest in autumn 1995 (92%). The highest pre-
valence at site S was found in summer 1994 (100 %),
the lowest in spring 1995 (64 %); 48 out of 61 eels from
this site were found to be infected with 5.4 A. crassus
on average. At site HF, 74 out of 92 eels examined

100 - Il rrevalence, all stages [%) 50
90 - [ ] Meanintensity, all stages + sd
= 15 2
X B
- c
g 2
c
G 10 =
2 c
> $
£ p=
o 5
0

HR S HF F RA N
Sample sites

Fig. 1. Anguilla crassus. Prevalences and mean intensities
(all developmental stages) in eels Anguilla anguilla over the
whole sampling period at each sample site

were found to be infected with 4.9 A. crassus per eel on
average. The highest prevalence here was found in
summer 1994 (100%), the lowest in autumn 1995
(70%). At site F, 65 eels out of 78 examined were
infected with 6.3 A. crassus on average. The highest
prevalence was observed in autumn 1995 (87 %), the
lowest in autumn 1994 (78 %). Out of 22 eels caught at
site RA, 18 were infected with 4.6 A. crassus on aver-
age. The prevalence of A, crassusin eels from the niver
Naab with 39% was clearly lower than those from all
Rhine sample sites but the mean intensity was higher
in the Naab (7.7).

No significant differences between eels from differ-
ent sample sites were found with regard to the alter-
ations in swimbladder walls due to the presence of
Anguillicola crassus. Table 4 shows a summary of all
damage classes ranked in order of the infection status
of the eels (infected with adults only, infected with lar-
val stages only, infected with both adults and larvae,
uninfected). The last column shows the damage
classes found in uninfected eels in relation to all unin-
fected eels. Altogether 28.5% of all eels examined
showed alterations in the swimbladder walls such as
thickening or dilated blood vessels. Of these, 3.8%
were actually not infected but showed alterations of
the swimbladder wall, probably due to prior infections
with A. crassus.

DISCUSSION

The examination of eels caught by electric fishing in
the river Rhine and adjacent waters revealed a fairly
high prevalence of Anguilla crassus of about 80 %. The
mean intensity was 5.6. The prevalence in the Rhine
backwater RuBheimer Altrhein was 82 % and the mean
intensity was 4.6. These eels were caught with fyke
nets. In another study on the Rhine near Karlsruhe (Hirt
1996) almost the same prevalences and intensities were
found. Eels in that study were obtained from coolant
inlet grills at the Philippsburg and Karlsruhe power sta-
tions. This comparison shows that the fishing method
has no influence in estimating the parasitation of eels
with A, crassus.

Although zooplankton content was determined only
once during the study, it is well known that copepods
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Table 3. Anguillicola crassus. Prevalences and intensities of infection in eels Anguilla anguilla from the different sample sites.

Prev. adult: percentage of eels infected with adult A. crassus; prev. larvae: percentage of eels infected with L; and L, larvae;

prev. total: percentage of eels infected with adult and/or larval A. crassus; intensity adult: mean number of adult A. crassus per

infected eel; intensity larvae: mean number of larval A. crassus per infected eel; intensity total: mean number of adult and/or
larval A. crassus per infected eel

Sampling No. of Prev. adult Intensity adult Prev. larvae Intensity larvae Prev. total Intensity total
site eels (%) X+ SD (%) X+ SD (%) X+ SD
HR 92 60 51+£76 48 3.6+47 76 6.3+ 106
S 61 72 39+42 48 29+29 79 5456
HF 92 64 3425 59 3.0+26 80 49+42

F 78 72 4.0x£53 51 4.5+£57 83 63+7.7
RA 22 64 3.5+2.0 68 22+1.2 82 46+23

N 38 29 56+6.0 29 4.7+76 39 77115

are more abundant in standing waters like the Ferma-
see than in running waters like the Rhine due to the
longer retention time. Despite different zooplankton
densities at the different sample sites no significant
differences in the abundance of Anguillicola crassus
were found. It seems that zooplankton density does not
affect the distribution of this parasite. This could be
due to several factors. Eels might migrate to a large
extent within the different waters but very little is
known about migration of eels within their freshwater
habitat (Tesch 1983). Another factor could be that the
main source of infection is not the copepods as inter-
mediate hosts but other fishes as paratenic hosts. The
results of the study of Székely (1994} showed that prey
fish can play a major role in the spread of A. crassus.
In addition, the main intermediate hosts for A. crassus
could be benthic, not planktonic, copepods, the abun-
dance of which was not determined during this inves-
tigation. Furthermore, crayfish and other crustaceans
possibly could act as intermediate or at least as
paratenic hosts. Several investigations show that ostra-
cods and gammarids can serve as intermediate hosts
for A. crassus (Kennedy & Fitch 1990, Bonneau et al.
1991, Thomas 1993, Moravec & Konecny 1994). Hence
the specificity in intermediate hosts of A. crassus
seems to be very low within crustaceans. Additionally,
Moravec (1996) shows that aquatic snails could serve
as paratenic hosts for A. crassus. It therefore seems to
be possible that crayfish Orconectes limosus, which

are the main diet component of eels in the waters
investigated, could play a role in transmission of A.
crassus either as intermediate or as paratenic hosts.
The same could apply for the freshwater shrimp Atyae-
phyra desmarestii or the mud crab Corophium curvi-
spinum, which have built up large populations in the
Rhine system {Scholl 1990, Scholl et al. 1995).

The prevalence of Anguillicola crassus in eels from
the Naab was lower than those in eels from the Rhine
but the mean intensities were significantly higher. This
is probably be due to the tact that A. crassus was intro-
duced with stocking material later in the Naab than
in the Rhine and that the parasite is still spreading
among these artificially created eel populations, since
the Danube system is naturally free of eels (Bless et
al. 1994). Ashworth (1994) suggests that mean inten-
sity of infection stabilises after some time in the range
4 to 5. Unfortunately it is not clear whether or not this
value includes all developmental stages of A. crassus.
This value corresponds to the results of Haenen et al.
(1994), who found intensities of 4.8 five years after its
detection in Holland (Van Banning et al. 1985). If
indeed the intensities do stabilise around 4 nematodes
per infected eel, the intensities have almost reached
this level in the Rhine (4.6 to 6.3) but not in the river
Naab.

Seasonal patterns in infection of eels with Anguilli-
cola crassus were not observed, either with larval
stages or with adult nematodes. Theoretically it is

Table 4. Anguilla anguilla. Alterations of swimbladders in all examined eels

Damage Adults only Larvae only Adults + larvae Uninfected Uninfected
class {% of all eels) (% of all eels) (% of all eels) (% of all eels) (% of uninfected eels)
0 19.0 10.6 22.0 20.1 84.1
1 6.5 1.4 11.1 1.6 6.8
2 0.3 0.5 3.0 0.8 3.4
3 0.3 0.8 0.8 1.4 5.7
1-3 7.0 2.7 14.9 3.8 15.9
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conceivable that in times of low water temperatures,
when eels are in a quiescent period and do not feed,
the number of larvae could decrease as no new infec-
tions should take place. On the other hand, the third
and fourth stage larvae of A. crassus show retarded
growth at cold temperatures (Knopf et al. in press) so
they remain in the swimbladder wall longer than at
higher temperatures. Other investigations are contra-
dictory. Hartmann (1994) found increased prevalences
and intensities during the summer whereas Thomas &
Ollevier (1992b) could not observe any seasonal pat-
tern. This question should be investigated again in lab-
oratory experiments or with larger sample surveys.
The comparison of infection intensities with Anguil-
licola crassus in eels of various sizes did not reveal a
correlation between length, weight or condition factor
of eels and intensity of infection. Other investigations
with higher numbers of eels {Thomas & Ollevier 1992b,
Hartmann 1994) showed a slight correlation of length
and weight with intensity of infection but not with
condition factor. These, and also our results, show that
A. crassus does not impact on the nutritional status of
infected eels under natural conditions. However, in
aquaculture A. crassus does lead to immense economic
damage (Egusa 1979, Van Banning & Haenen 1990).
Almost one-third (28.4 %) of all eels showed visible
alterations in the swimbladder wall. These alterations
were visible as inflammation of the swimbladder wall,
dilated blood vessels, and cloudings or thickenings of
the swimbladder wall and are due to infections with
Anguillicola crassus (Van Banning & Haenen 1990,
Molnér et al. 1993). In comparison with a study of
Hartmann (1994), who found 86 % of the investigated
eels of the river Elbe with alterations of the swim-
bladder, this number is relatively low This may be
due to several reasons. The intensity of infection was
slightly higher in eels from the river Elbe than in those
from the Rhine. The method of examination might be a
further reason. Hartmann (1994) used a 5-step classi-
fication; in the present study a scale with 4 steps was
used. The parameters in both studies might not be
exact measures and thus have a subjective component.
On the other hand, the survey of Hartmann (1994) was
performed a few years ago (1985 to 1991) and the situ-
ation may have improved during recent years as it did
in The Netherlands (Haenen et al. 1994). In any case,
the number of eels showing alterations of the swim-
bladder still gives reason for concern about the popu-
lations of European eels if one takes in account that
malfunctioning swimbladders may lead to problems
during the spawning migration {(Wurtz et al. 1996).
Generally, extensive surveys on the abundance and
prevalence of Anguillicola crassus should be set up in
Europe to monitor the development of the distribution
of Anguillicola crassus, since present data have been

obtained from few sample sites and rivers so far and
most of these surveys were carried out over a short
period of time only.
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