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particularly the economically important whitefish (Coregonus 
spp.), leading to declining fishery yields (Eckmann et al. 2007; 
Thomas et al. 2010; Roch et al. 2018).

Coinciding with these changes, the invasive three-spined 
stickleback (Gasterosteus aculeatus), first recorded in the 
1950s, has established a large pelagic population since 2012, 
becoming a dominant species in the open water zone (Alex-
ander et al. 2016; Roch et al. 2018; Eckmann and Engesser 
2019). This pelagic expansion has raised concerns about its 
ecological impact, particularly regarding resource competi-
tion with and predation on native planktivorous fish (Hudson 
et al. 2021; Bretzel et al. 2021). Schistocephalus solidus is a 
common cestode parasite of three-spined sticklebacks, and 
the stickleback–S. solidus system is an established model 
for investigating host–parasite interactions in fish because 
infection can affect host growth, reproductive development 
and behaviour (Barber and Scharsack 2010). The parasite 
has a three-host life cycle involving cyclopoid copepods as 
first intermediate hosts, three-spined sticklebacks as spe-
cific second intermediate hosts, and mainly fish-eating birds 
as definitive hosts (Barber and Scharsack 2010). Recent 
work has further underscored the evolutionary relevance 

Introduction

The ecosystem of Lake Constance, a large prealpine lake 
in Central Europe, is undergoing significant changes driven 
by reoligotrophication, i.e. a return toward lower nutrient 
conditions, which has altered nutrient availability and 
primary production (Straile and Geller 1998; Ogorelec et al. 
2022). These shifts have impacted native fish populations, 
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Abstract
Host total length, body mass and prevalence of Schistocephalus solidus were assessed in pelagic three-spined sticklebacks 
(Gasterosteus aculeatus) from Upper Lake Constance, a prealpine lake in Central Europe, based on 987 individuals collected 
by pelagic trawl in late autumn 2024. In addition, 62 fish sampled using gillnets in late autumn 2025 were examined using 
the same biometric and parasitological procedures. The 2024 population was dominated by small-bodied individuals, with 
a mean total length of 5.26 ± 0.55  cm and a mean body mass of 1.56 ± 0.51  g. Infection was rare: 16 of 987 fish were 
infected in 2024, corresponding to a prevalence of 1.6%, and parasite index (PI = parasite wet mass / host wet mass) values 
ranged from 0.013 to 0.302. In 2025, prevalence remained similarly low at 3.2%. Compared with earlier reports from Lake 
Constance, the late-autumn 2024 sample indicates markedly lower prevalence of S. solidus in the pelagic population, and 
the 2025 sample showed similarly low prevalence.
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of the stickleback–S. solidus system for understanding host 
responses to parasitism (Weber et al. 2022). In Lake Con-
stance, previous studies reported substantially higher prev-
alence in pelagic sticklebacks during the recent period of 
high pelagic abundance, as well as pronounced seasonal and 
interannual variation in infection levels (Baer et al. 2022; 
Bretzel et al. 2021). Following this recent period of high 
pelagic stickleback abundance, updated information on the 
parasitological status of pelagic sticklebacks remains lim-
ited. Changes in host density and habitat use may influence 
parasite transmission and, consequently, infection preva-
lence. Here, we quantify host total length, body mass and 
infection with the cestode S. solidus in a large late-autumn 
sample of pelagic three-spined sticklebacks collected in 
2024, complemented by additional observations from 2025. 
This study provides an updated snapshot of host–parasite 
dynamics in a population potentially transitioning from a 
period of high pelagic stickleback abundance to lower pop-
ulation density.

Materials and methods

The sampling was conducted over three consecutive nights 
(early November 2024) using several pelagic trawl hauls in 
the upper basin of Lake Constance (Bodensee-Obersee) at 
a depth of 4–9 m. Late-autumn night sampling was chosen 
because pelagic sticklebacks are readily accessible to tar-
geted trawling in the upper water column during this period, 
with minimal bycatch. In total, approximately 3000 stickle-
backs were caught, from which 987 individuals were ran-
domly selected for detailed biometric and parasitological 
analyses. The trawl net used had a 125 mm mesh size at the 
opening and a 6 mm mesh size in the codend. Immediately 
following capture, fish were euthanized using a licensed 
electric device and frozen for subsequent laboratory exami-
nation. In the laboratory, the 987 specimens were thawed for 
processing. For the biometric analysis, the total length (TL) 
of each fish was measured to the nearest millimetre using a 
measuring board, and the total body weight was recorded 
to the nearest 0.1 gram using a precision balance. Sex and 
age were not determined. Subsequently, each fish was dis-
sected and examined for the presence of the cestode parasite 
S. solidus.

Pelagic sticklebacks were also sampled in late autumn 
2025 using pelagic multimesh gillnets in the same lake 
basin. A total of 62 individuals were analysed using identi-
cal biometric and parasitological procedures. Because the 
2025 sample was collected using different gear and yielded 
only two infected fish, these data were not used for formal 
year-to-year comparisons. However, the two infected 2025 
fish were included in the pooled exploratory analysis of par-
asite index versus host total length shown in Fig. 2. Parasi-
tological terminology followed Bush et al. (1997). Parasite 
prevalence was defined as the proportion of hosts infected 
with one or more individuals of S. solidus. Mean intensity 
was defined as the mean number of parasites per infected 
host. Parasite wet mass was recorded for infected individu-
als, and the parasite-host biomass ratio (PI) was calculated 
following Pennycuick (1971) as parasite wet mass relative 
to host wet mass. Because only 18 infected individuals 
were available across both sampling years, the relationship 
between parasite index and host total length was explored 
using simple linear regression on pooled infected fish from 
2024 to 2025. All statistical analyses were performed in R 
version 4.2.3 (R Core Team 2023).

Results and discussion

The pelagic stickleback population sampled in late autumn 
2024 consisted predominantly of small-bodied individu-
als (Table 1; Fig. 1). Mean total length was 5.26 ± 0.55 cm 
(range: 2.4–7.3 cm), and mean body mass was 1.56 ± 0.51 g 
(range: 0.20–4.60 g).

Infection with S. solidus was rare. Only 16 of 987 individ-
uals were infected, corresponding to a parasite prevalence 
of 1.6% (Table  1). A total of 18 parasites were recorded, 
resulting in a mean infection intensity of 1.13 parasites per 
infected host. Parasite index (PI) values ranged from 0.013 
to 0.302, corresponding to parasite wet masses between 0.02 
and 0.76 g in infected individuals. Most infected individuals 
(11 of 16; 68.8%) had a total length below 6 cm.

In late autumn 2025, parasite prevalence was similarly 
low (3.2%; 2 of 62 individuals infected), with PI values 
ranging from 0.063 to 0.128, corresponding to parasite wet 
masses between 0.19 and 0.24 g (Table 1). These observa-
tions are consistent with the low prevalence observed in 

Table 1  Biometric traits and infection parameters of pelagic three-spined sticklebacks (Gasterosteus aculeatus) sampled in Lake Constance in late 
autumn 2024 and 2025. Parasite index (PI) represents parasite wet mass relative to host wet mass
Year N analysed Total length (cm) mean ± SD 

(range)
Body mass (g) mean ± SD (range) Parasite prevalence 

(%)
Parasite 
index (PI, 
range)

2024 987 5.26 ± 0.55 (2.4–7.3) 1.56 ± 0.51 (0.20–4.60) 1.6 0.013–0.302
2025 62 5.17 ± 0.52 (4.3–7.5) 1.40 ± 0.56 (0.81–4.07) 3.2 0.063–0.128
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2024, although the 2025 sample was small and collected 
with different gear. When infected individuals from both 
sampling years were analysed together (n = 18), parasite 
index showed a weak negative trend with increasing host 
total length (Fig.  2), but the relationship was not statisti-
cally significant (linear regression: slope = − 0.029, 95% CI: 
−0.069 to 0.010, p = 0.13).

The pelagic stickleback population sampled in late 
autumn 2024 was characterized by a low prevalence of 
infection with S. solidus. With only 1.6% of individuals 
infected, parasite prevalence was markedly lower than val-
ues reported during earlier years of high pelagic stickleback 
abundance in Lake Constance, including mean prevalences 
of 23% for 2016–2019 (Baer et al. 2022) and 13.8% in 

Fig. 2  Relationship between para-
site index (PI) and total length in 
infected three-spined sticklebacks 
sampled in late autumn 2024 and 
2025. Each point represents one 
infected individual. The dashed 
line indicates the fitted linear 
trend across pooled infected fish 
from both sampling years (2024 
and 2025)

 

Fig. 1  Relationship between total length (cm) and body mass (g) of 
pelagic three-spined sticklebacks sampled in Lake Constance in late 
autumn 2024 and 2025. Grey points represent uninfected individuals 

(2024: n = 971; 2025: n = 60). Coloured points indicate individuals 
infected with Schistocephalus solidus (2024: n = 16; 2025: n = 2)
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Because sampling was restricted to late autumn and sex 
and age were not determined, the present data should be 
interpreted as a temporally restricted snapshot rather than 
a full population assessment. Snapshot resampling can be 
informative when long-term parasitological monitoring is 
limited, but its low temporal resolution constrains inference 
about directional long-term change (Hammoud et al. 2025). 
Repeated sampling across seasons and years will therefore 
be necessary to determine whether the present low-preva-
lence pattern persists.
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autumn 2018 (Bretzel et al. 2021). Similarly low preva-
lence was observed in the 2025 sample (3.2%), although 
this sample was smaller and collected using different gear. 
These differences are consistent with previous observations 
of strong seasonal and interannual fluctuations in parasite 
infection levels of pelagic stickleback populations in Lake 
Constance (Baer et al. 2022).

Although the sampled population was dominated by small-
bodied individuals, host age was not determined and the observed 
size structure therefore cannot be assigned unambiguously to 
specific age classes. Seasonal and parasite-mediated mortality 
may nonetheless contribute to late-autumn size distributions if 
larger, heavily infected individuals are selectively lost from the 
population (Baer et al. 2022).

Low prevalence in late autumn may result from several 
non-exclusive mechanisms. Because S. solidus has a com-
plex trophic life cycle involving cyclopoid copepods, stick-
lebacks and mainly fish-eating birds, temporal variation in 
the abundance or spatial overlap of these hosts could influ-
ence transmission (Barber and Scharsack 2010). Seasonal 
shifts in habitat use between pelagic and littoral zones may 
also alter exposure to infected copepods (Baer et al. 2024). 
Because these drivers were not quantified here, the pres-
ent study does not identify the mechanism underlying the 
observed low prevalence, but documents a low-prevalence 
snapshot of the pelagic population.

Beyond these mechanisms, density-dependent processes 
may also contribute to temporal variation in parasite prevalence. 
Lower host densities can reduce transmission probabilities and 
may also alleviate intraspecific resource competition, both of 
which could contribute to reduced infection levels. This is par-
ticularly relevant for pelagic stickleback populations in Lake 
Constance, where lake-wide surveys have documented peri-
ods of extreme pelagic dominance, characterized by very high 
numerical abundance and biomass relative to other fish species 
(Eckmann and Engesser 2019). Density-dependent variation 
in parasite prevalence has been demonstrated across a range of 
host–parasite systems, where reduced host densities were asso-
ciated with lower infection levels, providing broader ecological 
support for this conceptual framework (Hasik et al. 2025).

Pelagic stickleback populations in Lake Constance are 
known to undergo pronounced fluctuations in abundance 
and biological condition (Numann 1972; Baer et al. 2022, 
2024; Ogorelec et al. 2022). Periods of high pelagic abun-
dance have previously been associated with increased 
parasite pressure and ecological interactions with native 
planktivorous fishes (Roch et al. 2018; Hudson et al. 2021; 
Bretzel et al. 2021). In this context, the present findings 
document a pelagic population with low parasite prevalence 
following a period of high abundance. Whether this pattern 
reflects a transient post-peak state, or a longer-lasting shift 
cannot be resolved from the present snapshot.
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