
INTRODUCTION

Copepods can be hosts of several parasites, with mi-
crosporidians, nematodes and cestodes being the most
commonly found taxa (Kurtz, 2007). Occurrences of the
whitefish tapeworm Triaenophorus Rudolphi, 1793 (Ces-
toda: Pseudophyllidea) have been observed in Central and
Western European (Brinker and Hamers, 2007), Scandi-
navian (Pasternak et al., 1999; Pulkkinen et al., 2000), as
well as North American lakes (Ekbaum, 1935; Miller,
1952; Watson and Lawler, 1965; Hursky and Pietrock,
2012). Recently, these parasites have also been reported
in some Austrian lakes (Lahnsteiner et al., 2009;
Sichrowsky et al., 2013) where they caused epidemics in
the Arctic charr (Salvelinus umbla) population (Achleitner
et al., 2009; Schaufler et al., 2014). Members of the genus
Triaenophorus have a complex three-host life cycle, with
copepods as their first, planktivorous fish like coregonids
as their second intermediate host, and pike (Esox lucius)
as their definitive host (Kuperman, 1981). Infestations
with Triaenophorus spp. are known to negatively affect
the growth and condition of the second intermediate host
(Rosen and Dick, 1984; Brinker and Hamers, 2007;
Sichrowsky et al., 2013). For example, swimming activity
was reduced and loss of equilibrium was observed in rain-
bow trout (Oncorhynchus mykiss), and increased mortality

rates caused by muscle necrosis have been reported
(Rosen and Dick, 1984). In addition, high infection rates
have consequences for the fishery because sale or con-
sumption of infected fish is prohibited although they do
not present a danger for human health (Hursky and
Pietrock, 2012). In our study site Lake Achensee, fishery
played an important role for many centuries. In 2004, the
commercial fishery had to be closed due to a T. crassus
epidemic. In a preliminary study in 2010, six different fish
species were infested with tapeworms. Triaenophorus
crassus was found in the muscle tissue of coregonids
(Coregonus lavaretus) and Arctic charr (Salvelinus
umbla). Parasite cysts were also observed in the liver of
some C. lavaretus and all European perch (Perca fluvi-
atilis) examined, most probably belonging to Triaenopho-
rus nodulosus. Pikes (Esox lucius) were infested with both
Triaenophorus species.

Proteocephalus Weinland, 1858 (Cestoda: Proteo-
cephalidae), another cestode commonly occurring in
fishes of the Palearctic region (Scholz, 1999), causes no
direct consequences for commercial fishery as this para-
site stays in the fishes intestines. Although the parasite is
considered relatively harmless when present only in small
numbers, it affects its fish host, leading to reductions in
growth and fitness (Priemer, 1987). Its life cycle is less
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ABSTRACT
In spring 2004, a massive infestation of the whitefish population in the Austrian Lake Achensee with Triaenophorus crassus was ob-

served. Procercoids, the larval stage of parasitic cestodes, infest copepods as their first intermediate host. Therefore, in spring 2011,
zooplankton samples were taken weekly at two sampling sites and depth ranges to determine the abundances of crustaceans as well as
percentages of infected copepods and temporal occurrence of parasites. In addition, whitefish (Coregonus lavaretus) stomach contents
were analysed for food spectrum and parasite infestation. From the end of June to mid-August, procercoids of Triaenophorus spp. were
detected in Cyclops abyssorum, the only first intermediate host for this parasite in Lake Achensee. Highest percentages of infected
copepods were reached in mid-July (prevalence: 0.38%). Furthermore, an infestation of Proteocephalus sp. was observed in this copepod
species, which occurred earlier until the end of the sampling period (prevalence: 1.34%). Besides C. abyssorum, also Eudiaptomus
gracilis was occasionally infected with Proteocephalus (prevalence: 0.05%). The procercoids were found in both depth ranges, with no
clear vertical infestation preference. More C. abyssorum female were Triaenophorus-infected than males, while the opposite was ob-
served for Proteocephalus infection. The whitefish stomachs contained large numbers of Proteocephalus and Triaenophorus procercoids,
coinciding with the occurrence of these parasites in the copepods.
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41Parasite infestation in copepods

complicated, with only one intermediate host, diaptomid
or cyclopoid copepods (Scholz, 1999). This genus of ces-
todes has narrow host specificity, with different Proteo-
cephalus species being specific to one fish genus or
species. Proteocephalus longicollis (syn.: P. exiguus) is
specific to salmonid fish such as coregonids or trout
(Scholz, 1999). This species was also found in C. lavare-
tus during the preliminary study in 2010. Cestode para-
sites have been shown to improve the transmission to the
next host by inducing both changes in the swimming ac-
tivity and phototactic behaviour in infected copepods
(Poulin et al., 1992; Pasternak et al., 1995; Pulkkinen et
al., 2000). In the case of Triaenophorus infections, the
copepods actively approach the water surface which in-
creases the chance of being eaten by the second interme-
diate host (Pulkkinen et al., 2000). The fitness of infected
copepods is also affected, for example, by increased mor-
tality (Rosen and Dick, 1983; Pasternak et al., 1999) and
decreased fecundity and feeding rates (Pasternak et al.,
1999) in copepods infected with Triaenophorus procer-
coids. However, these findings seem to depend also on
the infection intensity and duration of the experiments, as
no effect on survival was shown in copepods when ex-
posed to low parasite density and short exposure time
(Shostak and Dick, 1986; Pasternak et al., 1995).

Several studies have addressed the morphology of Tri-
aenophorus and Proteocephalus procercoids (Sysoev et
al., 1994; Davydov et al., 1995) and factors determining
their abundance in copepods under experimental condi-
tions (Pasternak et al., 1999). Information on the occur-
rence and seasonal variation of procercoids under natural
conditions, however, is still limited (Watson and Lawler,
1965; Sysoev, 1987; Hanzelova, 1992; Hanzelova and
Gerdeaux, 2003). The aim of the present study was to es-
timate the period of appearance of cestode procercoids in
copepod hosts and their infection rates in Lake Achensee,
the largest lake in the federal state of Tyrol (Austria), sub-
ject to high cestode infestation in commercially important
fish species over the last years. Moreover, we wanted to
assess potential differences in copepod infection rates
with sampling depth over two depth ranges. In addition,
the stomach contents of planktivorous whitefish (C.
lavaretus) were analysed over the course of the summer
to follow changes in the diet of the fish along with pref-
erences for infested copepods.

METHODS

Investigation area

The pre-alpine Lake Achensee (47°26’N, 11°43’E, 929
m asl) is a large (surface area: 6.8 km²), deep (zmax, 133 m;
zmean, 67 m), holomictic, oligotrophic (total phosphorous
<3 µg/L), and cold lake with high Secchi depth (up to 11
m during the study period). Since 1927, the lake is ex-

ploited for electric power generation which amounts to
water level fluctuations of up to ~6 m from October to
May. From the literature it is known that infected copepods
are not uniformly distributed over the whole lake (Watson
and Lawler, 1965). In Lake Achensee, strong winds are
frequent, which have the potential to influence the lateral
transport of zooplankton as seen in other wind-exposed
lakes (Thackeray et al., 2004). Pike (Esox lucius) spawn
along the southern shoreline of this lake (A. Kandler, fish-
eries manager of Lake Achensee, personal communica-
tion). Thus, two sampling sites were chosen: Pertisau (N
47°26.354’, E 11°42.673’) is located in the southern part
of the lake where it reaches its maximum width (zmax, ~85
m), while the second sampling site Gaisalm (N
47°28.169’, E 11°42.620’) is situated at the narrowest and
deepest part of the lake, where most of the fish (specifi-
cally C. lavaretus) stay (A. Kandler, personal communi-
cation). At both sites, pelagic gillnets were deployed
several times during the course of the study (see below).

Collection and processing of zooplankton

Samples were taken weekly (except for the second
sampling date) from 13 May until 24 August 2011 (i.e.,
12 sampling dates) close to solar noon (~10:00 h to 14:00
h local time). Zooplankton was sampled with a closing
plankton net (50 μm mesh size) over two depth ranges (0-
20 m and 20-50 m) in triplicates. The samples were fixed
with formalin (4% final concentration). In addition, an-
other set of samples (triplicates) was taken in both depth
ranges to ensure a sufficient number of copepods for fur-
ther determination of cestode infestation. The Secchi
depth was measured, and temperature, pH, and conduc-
tivity profiles (down to 20 m depth) were assessed with
an YSI sensor (Monitoring Systems 610D, YSI Inc., Yel-
low Springs, OH, USA). In the laboratory, zooplankton
(crustaceans) were counted according to species and on-
togenetic life stages (nauplii, copepodid C1 to C5, adult
female, egg-carrying female, and male copepods) in Bo-
gorov chambers using a stereo microscope (Reichert, Vi-
enna, Austria; 25-45× magnification). One 2-22 mL
aliquot (depending on zooplankton density) out of 100 ml
total sample volume was analysed, as the within-sample
variability (3 aliquots counted for 1 sample) was low
(standard deviation <5%).

Determination of copepod infestation with cestode
procercoids

For the determination of infested copepods, the for-
malin-fixed samples were rinsed with Milli-Q water and
immersed in 80% glycerol (v/v) for 48 h to make the
copepods more transparent. Between 100 and 515 (mean:
305) individual copepods per sample were examined
under a stereo microscope and opened (when infested)
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42 P. Anegg et al.

with dissection needles to release the tapeworm larvae for
a more detailed determination under an inverted micro-
scope (Leitz Labovert, Leica Microsystems, Wetzlar, Ger-
many; 40 to 640-fold magnification). Because of their
uniform morphology, molecular biological methods are
necessary to identify the procercoids of the genus Tri-
aenophorus to species-level (Boufana et al., 2011). In a
fish survey taking place at the same time as the present
study, the second intermediate hosts, C. lavaretus and S.
umbla, were exclusively infested with T. crassus, while
T. nodulosus was found in brown trout Salmo trutta
(Schähle and co-workers, personal communication). As
we cannot distinguish these cestodes at the species level,
we will refer to Triaenophorus spp. throughout the text.
The position of the lateral and apical suckers in the pro-
cercoids of Proteocephalus, together with the narrow host
specificity of this tapeworm genus (Scholz, 1999), and
findings of Proteocephalus longicollis in C. lavaretus in
a preliminary study in 2010, suggest that the species ob-
served in copepods from Lake Achensee is Proteo-
cephalus longicollis. However, as we cannot exclude the
presence of other Proteocephalus species, we will refer
to Proteocephalus sp. throughout the text. The percentage
of infestation (prevalence) in the copepods was deter-
mined. Altogether, 20,730 copepods (14656 Cyclops
abyssorum and 6074 Eudiaptomus gracilis, respectively)
were examined.

Fish stomach content analysis

Out of 222 whitefish (C. lavaretus), 43 individuals
were chosen for stomach content analysis. The fish were
caught with pelagic gillnets (10 to 43 mm mesh size, knot
to knot) in the neighbourhood of the two sampling sites
Gaisalm and Pertisau between June and July 2011. The
nets were deployed in a depth down to ~20 m where most
of the whitefish stay (Schähle et al., personal communi-
cation). The choice of the 43 individuals was made based
on the temporal proximity (±1 day from zooplankton sam-
pling) and comparable fish size and weight, respectively.
The fish intestines were fixed in 70% ethanol, and ethanol
was also directly injected into each stomach to stop fur-
ther digestion. After opening the stomachs, their fullness
was estimated and the different food items identified and
counted. Depending on the quantity and condition of the
stomach contents, either the entire sample or one 5-25 ml
aliquot (5 to 25 mL out of 100 mL total sample volume)
were analysed. The prey items from the stomachs of all
fish were pooled, and then the percentage of each prey
species was calculated. For further comparison of the food
spectrum, the coregonids investigated were classified in
two size groups (15-25 cm and 25-32 cm). In addition,
fish were grouped based on the month in which they were
caught (June and July) to observe temporal changes in the
food spectrum.

Data treatment

Data for crustacean abundance are reported as
mean±standard deviation. Differences in the percentage
of infested C. abyssorum between sampling depths were
tested by Wilcoxon signed rank tests.

RESULTS

Diversity and abundance of crustaceans

The zooplankton species diversity in Lake Achensee
was low; two copepod species (Cyclops abyssorum and Eu-
diaptomus gracilis) and three cladoceran species occurred
during the study period. Higher zooplankton abundances
were found at the northern sampling site Gaisalm, with up
to ~14 individuals L–1 (total number of crustaceans) in mid-
June, compared to the sampling site Pertisau with up to 11
individuals L–1 (end of June) (Fig. 1). The cladocerans
Daphnia hyalina and Bosmina longispina were the domi-
nant species (up to 5.8 individuals L–1, mean 1.1±1.5 and
5.1 individuals L–1, mean 0.8±1.2, respectively), while only
small numbers of C. abyssorum (up to 2.4 individuals L–1,
mean 0.7±0.5; copepodid C1-adults) and E. gracilis (up to
1.1 individuals L–1, mean 0.3±0.3; copepodid C1-adults)
were found (Fig. 1). Both copepod species showed highest
abundances between mid-June to mid-July (Fig. 1). Nauplii
were present during the whole study period at both sites
and depth ranges (up to 4.6 individuals L–1, mean 1.54±0.9),
whereas the cladoceran Leptodora kindtii was less fre-
quently found in the samples (up to 0.06 individuals L–1,
mean 0.01±0.01). For both sites and all sampling dates, the
main distribution of the crustaceans was always in the
upper 20 meters (Fig. 1).

Infection of copepods with procercoids

Cyclops abyssorum was the only first intermediate
host of Triaenophorus spp. The procercoids were found
in the body cavity of this copepod species from 21 June
to 11 August, 2011 and appeared one week earlier in the
northern part (Gaisalm) than in the southern part (Perti-
sau) of the lake (Fig. 2). The prevalence of Triaenophorus
procercoids in C. abyssorum was 0.38% (56 infected
copepods out of 14656 examined), the maximum infec-
tion rate (3.7%) was reached on 19 July at Pertisau in the
upper sampling depth (Fig. 2). The mean percentage of
infected copepods for both sampling sites and depths,
where Triaenophorus procercoids were present in the
copepods, was 0.6%. The spatiotemporal appearance of
Proteocephalus sp. showed a different pattern. This ces-
tode was already found in C. abyssorum on 7 June and
was present during the whole sampling period (Fig. 2).
Out of the 14,656 examined copepods, 197 were infected
with Proteocephalus procercoids (prevalence: 1.34%). On
11 August, the maximum infection rate was observed with
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43Parasite infestation in copepods

Fig. 1. Abundances of crustaceans, C. abyssorum (copepodid CI to adult), and E. gracilis (copepodid CI to adult) at sampling sites
Gaisalm and Pertisau in Lake Achensee.
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10.0% infected C. abyssorum (Fig. 2). On average, the
percentage of infected copepods was 2.2% over the infes-
tation period for both sampling sites and depths. The per-
centage of infected C. abyssorum did not differ
significantly (Wilcoxon signed rank test, P>0.05) between
the different sampling depths, the different sampling sites
or between the cestode genera. Rarely, also the copepod
E. gracilis was infested with Proteocephalus procercoids
(prevalence, 0.05%; maximum infection rate, 1.5%, 26
July, 2011; Gaisalm, 20-50 m depth range), but no Tri-
aenophorus procercoids were found in this calanoid cope-
pod species. Highest infection rates of Triaenophorus spp.
were found when the water temperature in the upper zone
(0-20 m) was between 12.5° and 14° C (Fig. 3A), while
Proteocephalus procercoids appeared already at lower
water temperatures (~11°C) (Fig. 3B).

Life stage-specific copepod infestation and multiple
infested copepods

The highest percentage of Triaenophorus infestation
was found in adult females (out of 56 infested copepods,
16 and 22 were females or egg-carrying females, respec-
tively), followed by adult males, and copepodid C5 life
stages of C. abyssorum (Tab. 1). No Triaenophorus pro-
cercoids were observed in younger developmental stages.
The youngest life stage of C. abyssorum infested with
Proteocephalus sp. was copepodid C4. Most procercoids
of Proteocephalus sp. were found in adult males (70 out
of 197 infested C. abyssorum), followed by copepodid
C5, and adult females (Tab. 1). The three individuals of
E. gracilis infested with procercoids of Proteocephalus
sp. were a copepodid C5, female, and male. Multiple in-

Fig. 2. Percentage of C. abyssorum infected with procercoids of Triaenophorus spp. and Proteocephalus sp. at sampling sites Gaisalm
and Pertisau in Lake Achensee.
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festations were found in ~5% of the infested copepods
(Tab. 1). The maximum number was three procercoids of
Proteocephalus sp. in the body cavity of one adult female,
and two procercoids of Triaenophorus spp. in another fe-
male C. abyssorum. In one case, one individual was in-
fested with both Triaenophorus spp. and Proteocephalus
sp. procercoids at the same time (19 July, upper sampling
depth at Pertisau). There was no case of multiple infesta-
tions in E. gracilis.

Fish stomach contents

Overall, D. hyalina (71.2%) was the dominant prey
item in the fish stomachs examined (n=43), followed by
B. longispina (17.6%), C. abyssorum (5.6%) and Lep-
todora kindtii (5.1%). Based on temporal changes, in
June, the food spectrum of the coregonids was dominated
by B. longispina, which showed high abundances in the
water column at this time, followed by D. hyalina and C.
abyssorum (Fig. 4). The predatory cladoceran L. kindtii,
chironomids, other insects and molluscs were occasion-
ally found in the fish stomachs. In July, the relative dis-
tribution of the food spectrum clearly differed and was
dominated by D. hyalina, while the other cladocerans
were less frequently eaten by C. lavaretus. Compared to
June, C. abyssorum made only a small percentage of the
stomach content in July (Fig. 4). When calculated for dif-
ferent fish size ranges, C. abyssorum accounted for 1.9%
of the diet in the 15-25 cm and 12.8% in the 25-30 cm
length class, respectively. Both C. lavaretus length classes
mainly fed on D. hyalina (87.3% and 42.3%, respectively)
and B. longispina (10.4% and 32.0%, respectively).

Many free tapeworm larvae were found in the partly
digested stomach contents (Tab. 2). In early June (09 June,
2011), the stomach of a coregonid (28.7 cm length, 190.8
g weight) contained 312 Proteocephalus procercoids, and
up to 36 Triaenophorus procercoids were observed in an-
other whitefish at the end of July (26 July, 2011; 32.1 cm
length, 281.2 g weight) (Tab. 2). Highest numbers of free
tapeworm larvae were found in the largest whitefish (25-
32 cm) examined (Fig. 5).

Triaenophorus procercoids in the whitefish stomachs
appeared the first time at the end of June (30 June 2011)
and were present in the stomachs from that date on, while
Proteocephalus procercoids were found already on the
first sampling date (7 June 2011) in high numbers. These
findings reflect the temporal appearance of the parasites
in the open water column (Fig. 2).

DISCUSSION

The cyclopoid copepod C. abyssorum was the only
first intermediate host of the cestode Triaenophorus spp.
in Lake Achensee. Apart from C. abyssorum, the calanoid
copepod E. gracilis was infested in low numbers with pro-

Fig. 3. Relationship between water temperature and percentage
of Cyclops abyssorum infected with Triaenophorus and Proteo-
cephalus procercoids at sampling sites Gaisalm and Pertisau in
Lake Achensee.

Fig. 4. Relative proportion in percentage of food found in white-
fish (C. lavaretus) stomachs from Lake Achensee for the months
June (left) and July (right) (n=19 for June and n=24 for July).
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cercoids of Proteocephalus sp., most likely P. longicollis.
This coincides with findings from the literature, where cy-
clopoid copepods were found to be the first intermediate
hosts of both T. crassus and T. nodulosus, with Cyclops
vicinus and C. abyssorum (misidentified as C. strenuus)
being the most important first intermediate hosts of T. cras-
sus in European freshwater systems (Kuperman, 1981). In
total, 21 cyclopoid vs 3 calanoid copepod species are
known to be infested with T. crassus (Marcogliese, 1995).
In the Austrian Lake Fuschlsee, one single Triaenophorus
procercoid out of 140 was found in an E. gracilis individ-
ual, while the remaining procercoids were observed in C.
abyssorum (Sichrowsky et al., 2013). Although all C.
lavaretus and ~16% of S. umbla investigated in Lake
Achensee were infested with T. crassus (Schähle et al.,
2014), the prevalence of the parasites was low (0.38%;
maximum infection rate, 3.7%; Fig. 2), but comparable to
studies from several lakes in Austria (Lahnsteiner et al.,
2009; Sichrowsky et al., 2013; Schaufler et al., 2014),
France (Hanzelova and Gerdeaux, 2003) or Canada (Wat-
son and Lawler, 1965). In Lake Fuschlsee, for example,
up to ~2% (mean 0.4%) of the C. abyssorum population
were infested with Triaenophorus procercoids
(Sichrowsky et al., 2013). The high infection rate reported
in Lake Mondsee (up to 38.7%) could be explained by the
determination technique of the procercoids, as the parasites
were counted without distinguishing different cestode gen-
era (Lahnsteiner et al., 2009). In Lake Achensee, the preva-
lence of Proteocephalus infection was relatively high
(1.34%), however, the maximum total cestode infection
rate made up to ~11%, with an infestation peak reached in
mid-July (Fig. 2), which is considerably lower than the
maximum infection rate found in C. abyssorum from Lake
Mondsee.

In general, the period of appearance of the parasites is
closely related to the water temperature. Northern pikes
(E. lucius) are known to spawn in early spring, between
March and April, at lake water temperatures reaching 6°C
and over (Frost and Kipling, 1967). In Lake Achensee,
local fishermen observed the first pikes spawning at the
end of May 2011 (A. Kandler, personal communication).
At this time of the year, the water temperature in the vicin-
ity of the southern sampling site Pertisau was 13.4°C (0.5
m depth, close to the shoreline; A. Kandler, personal com-
munication). The developmental time from the egg to the
coracidia larvae is temperature-dependent and usually

Tab. 1. Life stage specific infestation of C. abyssorum with procercoids of Triaenophorus spp. and Proteocephalus sp., total number of
studied C. abyssorum, percentage of infected C. abyssorum, and multiple infestations in Lake Achensee.

Cyclops abyssorum C4 C5 Females Females with eggs Males Total number of Percentage of Multiple infestation
(%) (%) (%) (%) (%) studied Cyclops infected Cyclops (total Cyclops)

Triaenophorus spp. 0.0 14.3 28.6 39.3 17.8 14,656 0.38 0.8
Proteocephalus sp. 5.6 31.0 25.4 2.5 35.5 14,656 1.34 4.4

C4, copepodid life stage C4; C5, copepodid life stage C5.

Tab. 2. Free procercoids (mean±standard deviation and maximum) found in stomachs of whitefish (Coregonus lavaretus) from Lake
Achensee during the months of June and July. Numbers of fish are as in Fig. 4.

June July
Triaenophorus spp. Proteocephalus sp. Triaenophorus spp. Proteocephalus sp.

Mean 1.6 (±5.3) 49.5 (±86.3) 4.9 (±9.6) 28.4 (±31.0)
Max 22.2 312.5 36.4 127.3

Fig. 5. Relationship between fish length (C. lavaretus) and num-
ber of free Proteocephalus and Triaenophorus procercoids found
in whitefish stomachs from Lake Achensee.
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takes between two to six weeks (Kuperman, 1981). In
fact, the first copepods infested with Triaenophorus spp.
were found three weeks after the observed spawning of
pike (21 June 2011; Fig. 2). This is relatively late in the
year compared to the first procercoid occurrence in other
Austrian lakes (from mid-May to beginning of June;
Lahnsteiner et al., 2009; Sichrowsky et al., 2013; Schau-
fler et al., 2014), but corresponds with the lower water
temperature found in our study system. In Lake Achensee,
highest infection rates of Triaenophorus spp. were found
when the water temperature in the upper zone was be-
tween 12.5°C and 14°C (Fig. 3A). In comparison, Pro-
teocephalus sp. procercoids appeared already at lower
water temperatures (10.9°C) earlier in the year (7 June
2011; Fig. 3B). Although the first appearance may differ
inter-annually and from lake to lake, the highest number
of Proteocephalus sp. infestations was still observed in
the summer months July and August (Fig. 2). These find-
ings are in accordance with other studies where highest
rates of copepod infections were found in late spring and
summer (Sysoev, 1987; Marcogliese, 1995; Hanzelova
and Gerdeaux, 2003).

Due to parasite-controlled changes in the phototactic
behaviour of the first intermediate host (Pulkkinen et al.,
2000), we expected to find more infested copepods in the
upper depth range of the two sampling depth ranges. Al-
though the abundances of both copepod species were al-
ways higher in the upper sampling depth (Fig. 1), there was
no clear trend in the infection rate for depth range (Fig. 2).
Interestingly, the first appearance of both parasites was in
the upper depth range at both sampling sites (Fig. 2). The
maximum Triaenophorus spp. infestation was also found
in the upper depth range at Pertisau (Fig. 2), but in the
lower one at Gaisalm (Fig. 2). We are aware that the depth
ranges that we sampled are broad, and that the observa-
tions from Pulkkinen et al. (2000) derive from laboratory
experiments using a defined, small water column (40 cm
height), while in the open water column copepods can
move freely (vertical and horizontal migrations). Never-
theless, it would be interesting to follow the vertical dis-
tribution (both during the day and night) of infected
copepods over several discrete depths to receive a more
detailed picture of potential changes in the host behaviour
in nature. In addition, the occurrence of infected copepods
may be higher in near-shore shallow water areas (Watson
and Lawler, 1965). In Lake Achensee, however, the most
important second intermediate host, planktivorous C.
lavaretus, is distributed over the whole lake without a
preference for shallow areas close to the shore (A. Kan-
dler, personal communication). The density of copepods
is among the factors influencing the proportion of cope-
pods becoming infected with cestodes such as Proteo-
cephalus (Marcogliese, 2001; Hanzelova and Gerdeaux,
2003). This could explain why the percentage of infected

C. abyssorum was ~35-fold higher when compared with
E. gracilis infections, as the former copepod species is al-
ways more abundant in Lake Achensee (Fig. 1). More-
over, cyclopoid copepods are considered to be
omni/carnivore and feed raptorially, which might further
affect the capacity of transmission (Marcogliese, 1995).
Despite the similar appearance and size range of pseudo-
phyllidean coracidia and ciliates, which serve as food
source for crustaceans like copepods (Wiackowski et al.,
1994), only little work has been done to examine whether
copepods can distinguish between prey items or not and
how the parasite uptake is affected by other food (Paster-
nak et al., 1999). A selective consumption of coracidia,
however, could not be proven by the study of Pasternak
et al. (1999).

Our results show a higher infection rate with Tri-
aenophorus procercoids in female copepods than in males
(Tab. 1). While the opposite was found for C. abyssorum
from Lake Fuschlsee (Sichrowsky et al., 2013), our find-
ings agree with those of Pasternak et al. (1999) reported
for Proteocephalus infestation. These authors argue that
due to the smaller size and slower swimming speed of
male C. abyssorum they might be exposed less frequently
to coracidia larvae than the bigger female individuals. For
Proteocephalus, the life stage-specific copepod infesta-
tion showed a more balanced infection rate, however,
more males than females were infested with procercoids
(Tab. 1). In comparison to other studies, female C. abysso-
rum prealpinus were reported to be three times more often
Proteocephalus-infested than males (Hanzelova and
Gerdeaux, 2003). In addition, sex-specific differences in
the vertical distribution of copepods (Schabetsberger and
Jersabek, 2004) might further influence the life stage-spe-
cific copepod infestation. Since Triaenophorus and Pro-
teocephalus share the same first intermediate host, it is
likely that copepods get infested not only with one but
with different cestodes at the same time. In our study, a
multiple infestation with both parasites was found only
once, while multiple infestations with one of the two ces-
tode genera were observed several times throughout the
study (Tab. 1). Such multiple infections have been also
observed in C. abyssorum prealpinus with up to four pro-
cercoids of P. longicollis present in the copepods
(Hanzelova and Gerdeaux, 2003).

Behavioural changes (e.g., decreased swimming ac-
tivity) of infested copepods improve the transmission to
the next host, making them easy prey for fish (Pulkkinen
et al., 2000). In the Austrian Lake Grundlsee, the infection
rate of copepods found in fish stomachs (S. umbla and
Coregonus spp.) was 170 times higher than those in the
water column (Schabetsberger et al., 2008). In Lake
Achensee, fish were caught using gill nets, which were
deployed overnight. As digestion is known to be relatively
fast in whitefish (Hofer, 1987), only relatively few cope-
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pods present in the whitefish stomachs were completely
intact. For this reason, and because of the relatively low
number of copepods present in the fish stomachs, it was
not possible to determine if the copepods present in the
fish stomachs showed a higher prevalence in comparison
with the water column. Nevertheless, many free Tri-
aenophorus and Proteocephalus procercoids were found
in the fish stomachs (Tab. 2), giving clear evidence that
infested copepods get eaten by whitefish in large numbers.
Not only procercoids, morphologically corresponding to
the procercoids found in the copepods, but also a high
number of young tapeworms without segmentation of the
genus Proteocephalus were observed in the stomachs.
Similar observations were made in whitefish (C. lavare-
tus) from the French Lake Annecy where the number of
P. longicollis isolated from pyloric caeca and the anterior
small intestine reached up to 500 individuals per fish
(Hanzelova and Gerdeaux, 2003). Since larger fish have
had greater exposure to parasites, as they feed more and
on a greater diversity of prey, it is not surprising that the
highest numbers of free procercoids were found in the
largest fish (Fig. 5).

CONCLUSIONS

Overall, the results of the present study show that the
copepod C. abyssorum plays an important role for the
transmission of cestodes, as it is the unique or predominant
zooplankton species infected with Triaenophorus and Pro-
teocephalus procercoids. It is mostly adult life stages of C.
abyssorum that get infected with the tapeworms, with no
clear vertical infestation preference over two depth ranges.
Although the portion of copepods in the diet of the white-
fish C. lavaretus was relatively small, high numbers of
procercoids were found in the fish stomachs, suggesting
that many infected copepods get eaten by the coregonids
in Lake Achensee. Climate change, especially temperature
change and its associated changes in other parameters, can
potentially lead to alterations in the parasite fauna and host
distribution, thereby also affecting parasite transmission
(Marcogliese, 2001). Besides these changes, also artificial
modifications can have effects on the transmission from
copepod to fish, for instance, the destruction of the littoral
zone in the course of reservoir building that forces the
whitefish to shift their diet towards copepods (Petersson,
1971; Marcogliese, 1995), which may result in the accu-
mulation of parasites. In Lake Achensee, water level fluc-
tuations might affect the feeding behaviour of whitefish
and subsequent parasite infestation at least to some extent.
Changes in physical processes, but also biological factors
such as high abundances of the final host, pike, may have
led to the increased occurrence of tapeworm infections as
observed in Lake Achensee and other Austrian pre-alpine
lakes (Achleitner et al., 2009; Schaufler et al., 2014) over
the last years.
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