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Abstract
Eurasian perch (Perca fluviatilis L.) were sampled in 1997/98 at six sites in Lake Constance (Ger-
many) and examined for Triaenophorus nodulosus plerocercoid infestation. Prevalence was low in
age-0 perch (8.7%), while more than 80% of perch from age classes 1 and older were infected.
Intensity of infection ranged from 1 to 3 in age class 0, while older perch harboured up to 15
plerocercoids in their livers. Liver weight (plerocercoid cysts included) could only be used in
age-0 fish to quantify pathological effects, but severe lesions of liver tissue were always ob-
served in infected fish. A prevalence of more than 80% is the highest value ever recorded in Lake
Constance, but the reasons for this recent increase remain unknown.

Introduction
Eurasian perch (Perca fluviatilis L.) is of great
economic importance for the fishery at Lake
Constance. Together with whitefish
(Coregonus lavaretus L.), perch is the main tar-
get species for the fishermen at the lake. Dur-
ing the last decades, however, average yearly
perch yields decreased from 515 tons in the
1970s to 295 tons in the 1990s. In parallel, in-
dividual growth rates declined. Several fac-
tors have been proposed which might cause
these long-term trends, either alone or in com-
bination:

(i) An overall decrease of food (zooplankton)
abundance due to the process of re-
oligotrophication of Lake Constance during
the last 20 years. The concentration of phos-
phate-phosphorus during spring turnover
peaked in 1979 (89 µg/l) and dropped almost

continuously thereafter, reaching a value of
16 µg/l in 1998.

(ii) An undiminished fishing pressure. Al-
though fishing regulations are adjusted to
slower individual growth and decreasing har-
vests, perch are still intensively exploited by
about 150 professional fishermen and hun-
dreds of anglers.

(iii) Competition from the neozoon ruffe
(Gymnocephalus cernuus (L.)) which became
established in the lake in the late 1980’s and
reached high abundance within few years
(Rösch & Schmid, 1996).

(iv) Diseases and parasite infections. Since
1960 epidemic dying of thousands of perch
have been reported repeatedly. These were
mainly attributed to heavy infections with
trematodes of the genus Diplostomum (Deufel,
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1975). During recent years, the infestation of
perch with the tapeworm Triaenophorus

nodulosus is increasing rapidly. This parasite
is known to provoke severe pathological ef-
fects in the fish’s liver which can impair so-
matic and gonadal growth and which might
ultimately result in lower reproductive suc-
cess and elevated mortality.

The purpose of this study was to analyse the
actual prevalence and intensity of infection
with T. nodulosus in Eurasian perch from Lake
Constance and to compare these data with
earlier records.

The tapeworm T. nodulosus is an intestinal
parasite in its definitive host, northern pike
(Esox lucius L.). Eggs are shed with faeces to
the water, where they hatch into
freeswimming coracidia. About 20 different
species of copepods mainly from the genus
Cyclops are the first intermediate hosts
(Hoffmann et al., 1986; Schäperclaus, 1990),
which are infected by procercoids. About 70
fish species (e.g. Perca fluviatilis L.) have been
described as second intermediate hosts, which
are infected by plerocercoids (Hoffmann et al.,

1986). The plerocercoids are mainly located
in the liver and are rarely found in other or-
gans. Although the parasites are encapsulated
in the liver tissue, they remain alive and live
on the inner part of the capsule (Schäperclaus,
1990). The first symptoms caused by
plerocercoids are hyperaemia and oedema.
Liver glycogen content decreases and gener-
ally the liver tissue is badly injured. Advanced
symptoms include necrotic and degenerative
changes of the liver tissue (Schäperclaus,
1990).

Materials and Methods
Perch were sampled monthly from Septem-
ber 1997 to May 1998 at six different sites in
Lake Constance (Fig. 1). They were caught
with bottom gillnets of 9, 15, 23, 28, 32 and 34
mm bar mesh. The nets were set over night
between 10 and 40 meter depth. A total of 1250
perch were sampled and examined for length,
weight, age, liver weight, and number of cysts
with T. nodulosus plerocercoids. The fish’s age
would increase by one on 1 January 1998, but
for reasons of consistency fish of the same
year-class are assigned the same age irrespec-

Figure 1. Lake Constance, with Upper L. C. (including fjord-like Ueberlinger See) and Lower L. C.  Sample
sites are marked with fish symbols.
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tive of sampling date (late 1997 or early 1998).
Data were analysed using the SPSS Package
version 6.1 for windows.

Results
For all age classes studied (0, 1, 2, 3 and older
combined), prevalence (% of perch infected)
did not differ among sampling sites (chi-
squared test, P > 0.05). Data for each age class
were therefore pooled across sites. Prevalence
for age-0 perch was significantly lower as
compared to older perch, whereas prevalence
did not differ between age classes 1 and older
(chi-squared test, P > 0.05, Bonferroni cor-
rected) (Tab. 1).

Similar to prevalence, intensity of infection
(number of cysts per fish) did not differ

among sampling sites for all age classes stud-
ied (Kruskal-Wallis H-test, P > 0.05), and
therefore data were pooled across sites. Inten-
sity of infection ranged from 1 to 15 cysts per
fish (Tab. 2) and did not differ between age
classes 1 and ≥3, while infection was signifi-
cantly more intense in age class 2 (Mann-
Whitney U-Test, P < 0.05).

The liver weights (T. nodulosus cysts included)
of infected and not infected fish were com-
pared within each age class (Mann-Whitney
U-test). Only for age class 0, liver weights of
infected fish were significantly higher than for
not infected fish (P = 0.002), whereas for all
other age classes there were no significant
differences (P > 0.05).

Discussion
Prevalence of T.nodulosus in Lake Constance
Eurasian perch did not differ between age
classes 1 and older (>80%) but it was signifi-
cantly lower in age class 0 (8.7%). This pat-
tern can be explained by the life cycles of both
parasite and host. T.nodulosus eggs are mainly
produced during spring, and the transmission
of the parasite via planktonic copepods to the
second intermediate host is most intense dur-
ing this time of the year. Since the final host,

ssalCegA N ecnelaverP
)%(

0 233 7.8

1 592 1.58

2 461 8.78

3≥ 471 3.38

hsifrepstsycforebmuN

ssalCegA N 1 2 3 4 4> egnaR

0 92 72 1 1 0 0 3-1

1 042 221 75 33 42 4 21-1

2 341 54 94 42 41 11 51-1

3≥ 151 46 84 52 7 7 7-1

Table 1. Prevalence (% of  fish infected) of T.
nodulosus plerocercoids in perch (Perca fluviatilis L.)
from Lake Constance sampled in winter 1997/98
(N = number of fish examined).

Table 2. Intensity of infection (number of cysts per fish) of T. nodulosus in perch from Lake Constance sampled
in winter 1997/98 (N = number of fish examined).
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northern pike, is a littoral species, the abun-
dance of infected copepods should be higher
in the littoral than in the pelagial. Perch lar-
vae hatch during the second half of May and
spend their first weeks of life in the pelagial
from where they return to the littoral during
July (Wang & Eckmann, 1994). Thus, the prob-
ability of infection is low for young-of-the-
year perch. Older perch are permanently
present in the littoral from late April onwards
(Eckmann & Imbrock, 1996), and their risk of
infection is therefore much higher.

The intensity of infection was highest for age
class 2, while it was lower for age classes 1
and ≥3. The percentage of fish which were

infected with a minimum of 3 plerocercoids
was 28.4, 34.3, and 25.8 for age classes 1, 2,
and ≥3, respectively. Since plerocercoids have
a life span of at least one year, higher food
uptake of older fish could lead to an accumu-
lation of parasites in the second intermediate
host. The significant, albeit not very pro-
nounced, increase in the number of parasites
per fish in age class 2 is in accordance with
this concept. The significantly lower intensity
of infection in age classes ≥3, however, is as-
tonishing. If the number of cysts per liver re-
sults from a dynamic equilibrium between
parasite mortality (or immunological re-
sponses of the host) and new infection
(Schäperclaus, 1990), the number of parasites
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Table 3. Liver weight of perch infected (cysts weight included in liver weight) and not infected with T.
nodulosus. Fish were sampled in winter 1997/98 from Lake Constance (N = number of fish examined).

Table 4. Prevalence of T.nodulosus in perch of age classes ≥1 from Upper Lake Constance during the last
decades. Yearly pike yields for Upper Lake Constance are taken from official catch statistics. In the present
study, results for Upper and Lower Lake Constance were combined, since prevalence did not differ between
sites (N = number of fish examined).
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should decrease with decreasing infection
rate, i.e. reduced consumption of infected
copepods. While perch feed predominantly
on zooplankton during their first two or three
years of life in Lake Constance, older perch
become piscivorous (A.Krämer, pers.comm.;
own data, unpubl.). The lower intensity of
infection in older perch is probably a conse-
quence of this diet shift. Alternatively, the
most heavily infected fish experience higher
mortality, although there is no supporting
evidence for this hypothesis so far.

Both prevalence and intensity of infection did
not differ significantly between sampling
sites. The risk of infection, therefore, is simi-
lar along the shore of Lake Constance, al-
though pike abundance decreases from east
to west (Hartmann, 1984). Pike abundance
was obviously high enough even in the west-
ern part of the lake to cause high rates of
prevalence and intensity of infection. A preva-
lence of more than 80% which was registered
in this study represents the highest value ever
recorded in Lake Constance. Stock size of pike
had no detectable influence on prevalence
during the last decades, since pike yields,
which are taken as a proxy for stock size, and
prevalence did not fluctuate in a similar fash-
ion since 1955 (Table 4). Balling (1992) has
suggested that copepod abundance varied
over time due to changes in the lake’s trophic
state (eutrophication until the late 70’s and re-
oligotrophication thereafter). Different
copepod species, however, responded differ-
ently to this long-term trend in lake trophy,
and overall copepod abundance did not vary
significantly over time (R.Hoegg, Limnol.
Instit. Univ. Konstanz, unpubl. data). To our
knowledge, there is no information available

so far, whether in Lake Constance certain
copepod species are more important vectors
than others. Therefore, we cannot test for any
relationship between first intermediate host
abundance and prevalence in the second in-
termediate host. The reason(s) for the recent
increase of prevalence and for the fluctuations
of this parameter during the last decades thus
remain unknown so far.

The immediate effects of T.nodulosus infection
on perch were not assessed in detail in this
study. Significantly higher liver weights in
age-0 perch are probably caused by hyperae-
mia and oedema, the first reactions of
plerocercoid-infected fish. Older fish in gen-
eral had pale, necrotic livers, but liver weight
(cysts included) did not differ between in-
fected and not infected specimens. Cyst
weight probably balanced necrotic tissue de-
generation in older fish. Severe lesions of liver
tissue like those we observed will surely have
dramatic effects on somatic and gonadal
growth, which may profoundly influence the
population dynamics of perch. Since there is
little that can be done to combat the infection
of perch with T.nodulosus plerocercoids, ex-
cept for controlling the final host’s abundance,
pathology and population dynamics of perch
deserve further investigation.
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