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Abstract

The life-history traits of fish are influenced by numerous factors, including parasitic infections. Par-
asites can significantly impact host mortality, growth performance, and reproductive success. This 
study examines the effects of the parasite Ligula pavlovskii (Diphyllobothriidae) on its host, the mon-
key goby (Neogobius fluviatilis), in Lake Balaton, Hungary. Both species originated in the Ponto-Cas-
pian region, with the fish arriving in the 1970s and the parasite following in the 2000s. Our research 
reveals substantial impacts of L. pavlovskii on the life history of the monkey goby, including differ-
ences in somatic (condition, length) and reproductive (gonadosomatic index, fecundity, egg size) 
investments between infected and non-infected individuals. Condition declined with higher parasite 
index in infected individuals. Female GSI was influenced by both parasite presence and severity of the 
infection, whereas male GSI was affected by the presence of the parasite. Additionally, the length fre-
quency distributions of infected and non-infected fish showed seasonal differences, due to the bigger 
body size of infected individuals in summer and autumn. The high prevalence of the parasite and as-
sociated mortality resulted in a significantly reduced expected lifespan for infected fish. Our findings 
suggest that the competitive advantage of N. fluviatilis may be reduced when this fish is infected by L. 
pavlovskii. This should be considered when developing management interventions for this species.
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Introduction

Numerous factors affect the life-history traits of fish. Large-scale studies of geo-
graphically widely dispersed populations of freshwater fish species have shown 
that latitude, which encompasses important environmental parameters like tem-
perature, photoperiod, productivity, and the length of the growing season, is an 
important factor influencing traits (Blanck and Lamouroux 2007). Human im-
pacts on ecosystems (e.g., ocean acidification, temperature fluctuations, fishing, 
and overfishing) also cause severe changes in the life history of fish on a global 
scale (Munday et al. 2009; Burt et al. 2011; Watson et al. 2018), but several local 
factors play an important role as well. Parasites, for example, can impact the host 
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population in various ways since they belong to almost all taxa and have a wide 
range of size, from single cells to relatively large and complex organisms, like par-
asitic lampreys (Petromyzontiformes). Their potential effects on host individuals 
include an influence on mortality through direct or indirect killing of their host 
(Henricson 1977; Price 1980; Krkošek et al. 2007; e.g. Fujiwara et al. 2011) or by 
altering behaviour, thereby increasing predatory pressure on infected individuals 
(e.g. Harris and Wheeler 1974; Bean and Winfield 1989; Barber et al. 2000). They 
can also positively or negatively affect the growth performance of fish species (e.g. 
Arnott et al. 2000; Ould Ruis et al. 2016; Ooue et al. 2017), while they can cause 
remarkable impacts on the reproduction of host species as well (e.g. Bean and 
Winfield 1989; Carter et al. 2005; Fogelman et al. 2009).

Invasive species often cause changes in life history, rapid population declines, or 
even the extinction of native species (Clavero and Garcia-Berthou 2005; Catford 
et al. 2018). The role of non-native species in the parasite–host relationship of 
native species is multifaceted. Although parasite load is often lower in new habi-
tats than in native range (“Enemy release hypothesis”; Keane and Crawley 2002, 
Torchin et al. 2003), they can transmit non-native parasites to native species (para-
site spillover) and harbour native parasites, which can increase parasitic pressure on 
natives (parasite spillback). Therefore, the lower parasite pressure on non-natives is 
limited and the richness of native parasites may increase over time (Gendron et al. 
2012; Kołodziej-Sobocińska et al. 2018), however, the parasites left behind during 
the invasion of hosts may follow them later (Vitál et al. 2021).

The range expansion and invasion of Ponto-Caspian fish species is considered one 
of the greatest threats to indigenous aquatic species in Europe (Copp et al. 2005). 
Following further human-facilitated dispersal, some of these species appeared in 
the Laurentian Great Lakes and caused major changes to the ecosystems there (Jude 
et al. 1992; Kornis et al. 2012). In Europe, the area of habitats colonised by Pon-
to-Caspian gobies is rapidly expanding (Copp et al. 2005; Kvach et al. 2021). They 
are migrating via the three main large river corridors described by Bij de Vaate 
(2002), thus they are or will be present in the waters which are in connection with 
the Volga, Dniester and Danube rivers. The first newcomer of Ponto-Caspian gobi-
ids in Hungary was the western tubenose goby (Proterorhinus semilunaris, Heckel, 
1837), which has been known in the Middle Danube since the late 19th century 
(Herman 1887) followed by the monkey goby (Neogobius fluviatilis, Pallas, 1814), 
first recorded in Lake Balaton (Bíró 1971). Nowadays, monkey goby is one of the 
most abundant non-native fish in the riverine systems of Hungary (Takács et al. 
2017), and in the littoral habitats of Lake Balaton (Czeglédi et al. 2019).

Ligula pavlovskii (Dubinina, 1959) is a large parasitic flatworm belonging to 
the family Diphyllobothriidae. The life cycle of the parasite requires three hosts: 
the first intermediate host is a copepod, the second is a fish, and the final host is 
a piscivorous bird. The parasite is highly specific to the host fish species which 
are Ponto-Caspian gobiids (stellate tadpole-goby Benthophilus stellatus (Sauvage, 
1874), monkey goby, round goby N. melanostomus (Pallas, 1814), bighead goby 
Ponticola kessleri (Günther, 1861), syrman goby, P. syrman (Nordmann, 1840), 
marbled goby Pomatoschistus marmoratus (Risso, 1810), and an unclear species 
from genus Knipowitschia; Dubinina 1959; Yuryshynets et al. 2017; Kvach and 
Ondračková 2020). The species’ native distribution range includes various saline, 
freshwater, and brackish waters of the Ponto-Caspian region, where it occurs in 
lakes, lagoons, river deltas, and reservoirs (Fig. 1) (Kvach and Ondračková 2020). 
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Figure 1. The sampling sites within Lake Balaton (C). The geographic position of Lake Balaton in Hungary, and the location of Hungary 
in Europe are indicated in the inserts B and A, respectively. The red diamonds indicate the occurrence of L. pavlovskii based on the col-
lection of Kvach and Ondračková (2020).

Plerocercoid larvae of the tapeworm Ligula pavlovskii were detected for the first 
time in monkey goby individuals from Lake Balaton in 2004, 34 years after the 
first record of the fish in the lake (Vitál et al. 2021). The parasite’s overall preva-
lence is high in Lake Balaton’s monkey goby population (44%); in some sampling 
sites the rate of infected individuals exceeds 80% (Vitál et al. 2021).

Invasive Ponto-Caspian goby species have become widespread, significantly al-
tering the ecosystems they invade. One critical factor that could influence their 
impact on native environments is the presence of their co-introduced parasite, L. 
pavlovskii, which may exert substantial pressure on goby populations. Despite its 
potential ecological significance, the effects of L. pavlovskii on its goby host remain 
largely unexplored. Understanding this host-parasite relationship is essential for 
assessing the broader ecological consequences of goby invasions. In this study, we 
hypothesize that L. pavlovskii significantly influences the life history traits of its 
host. Specifically, we predict and examine that parasitic infection negatively affects 
somatic growth and reproductive output of monkey goby, while substantially in-
creasing host mortality.

Materials and methods

Study area

Lake Balaton is the largest shallow lake in Central Europe, with a surface area 
of 596 km2 and an average depth of 3.3 m. Its outflow, the Sió Canal connects 
the lake with the River Danube, which serves as the primary invasion corridor of 
Ponto-Caspian species to Western Europe (Bij de Vaate et al. 2002). The most 
abundant fish species in the lake are bleak (Alburnus alburnus, L.), bream (Abramis 
brama, L.), roach (Rutilus rutilus, L.) and razor fish (Pelecus cultratus, L.) (Specziár 
et al. 2010). The zooplankton community of the lake is dominated by copepods 
with a great proportion of Eudiaptomus gracilis (Németh and G-Tóth 2003), which 
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is the most favourable host for L. intestinalis (Loot et al. 2001), that is closely relat-
ed to L. pavlovskii (Nazarizadeh et al. 2023). There are numerous piscivorous bird 
species as potential definitive hosts of ligulids feeding on fish from Lake Balaton 
(Kovács 2017).

Sample and data collections

Altogether, 547 monkey goby individuals were collected at two sites of Lake Ba-
laton, along the northern (Tihany: 46.913078, 17.893328; 339 individuals) and 
southern shores (Siófok: 46.911114, 18.044530; 208 individuals) of the eastern 
basin (Fig. 1). The fish were collected once per month between April and October 
2018 by electrofishing. Both sites are mainly characterized by rip-rap habitats, 
where monkey goby is abundant (Czeglédi et al. 2019).

Monkey gobies were immediately euthanized with clove oil before being stored 
in 4% formaldehyde and transferred to the laboratory within a few hours. Samples 
were stored at 4–5 °C until processing. During the sample processing, total length 
(TL, to the nearest mm), total weight (WF) and eviscerated body weight of the 
fish (WEF) were measured individually to the nearest 0.01g. During the dissec-
tion, plerocercoid larvae were removed, counted and weighted (WP, to the nearest 
0.01g.). The gonads of the fish (WG, to the nearest mg) were weighted. Three 
subsamples of the gonads were collected from all mature female fish in which the 
gonads were visible, to determine fecundity and egg size. Subsamples were 1.4–
100% (mean 11%) of the total ovarian weight, depending on the size of the ovary. 
Photos were taken from each of the subsamples under binocular microscope. Ab-
solute fecundity (AF) was estimated gravimetrically using all three subsamples of 
the gonad.

The diameter of all oocytes was measured with ImageJ software (Schneider et 
al. 2012) on a randomly chosen subsample of the ovary. To avoid measuring errors 
derived from non-spherical shape of the oocytes, all diameters were measured in 
the same direction. Immature individuals were excluded from this investigation 
(n = 208).

Gonadosomatic index (GSI) = (WG/WF) × 100 (Anderson and Gutreuter 1983) 
and Fulton’s condition factor (K) = WEF/TL3 (Nash et al. 2006) were calculated. To 
express the severity of infection, we used the parasite index (PI), which represents 
the ratio of parasite mass to eviscerated body mass: PI = (WP/WEF) × 100. The 
following parasitological indices were used according to Bush et al. (1997): Prev-
alence is defined as the proportion of individuals infected at a given sampling site 
relative to the total number of individuals examined. Mean intensity refers to the 
average number of L. pavlovskii individuals among the infected monkey gobies. 
Mean abundance is defined as the total number of L. pavlovskii individuals in the 
sample divided by the total number of monkey gobies examined.

Statistical analyses

Statistical analyses were performed using R v.3.3.2. We tested the effect of the in-
fection (being infected or not) and the PI (severity of the infection) on the K, GSI, 
mean egg size and AF of the fish by applying general linear models. To achieve a 
normal distribution, we performed log transformation on the K and arcus sinus 
square root transformation on the values of GSI.
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Separate models were used for the above-mentioned dependent variables, while 
the primary interest predictor variables were either parasite infection or the parasite 
index. Each model also contained the following predictor variables: month, sample 
site, sex (when testing the effects on the condition factor), and TL (when testing 
the effects on mean egg size and AF of females). Backward stepwise selection was 
applied on the predictor variables, each initial model was reduced by omitting the 
variable associated with the largest P value stepwise, except that we retained the 
predictor of primary interest, such as parasite infection and parasite index, regard-
less of their significance level to estimate their effects (Table 1).

The significance of each predictor variables was based on Type II analyses of 
variance table using the “Anova” function from the “car” R package v.3.0-2 (Fox 
and Weisberg 2011). F tests were calculated. Chi-square test was used to determine 
the effect of sampling site and sexes on the prevalence of L. pavlovskii in monkey 
goby and to compare the length distributions between infected and non-infected 
groups seasonally. Some length categories were pooled to avoid expected values 
less than five. In total, nine groups were created in every season: seven groups with 
4 mm interval and a small and a big size group (spring: <4.4 mm and ≥ 7.2 mm, 
summer: <5.0 mm and ≥ 7.8 mm, autumn: <5.2 mm and ≥ 8.0 mm). The “loess” 
function was used to fit a local regression model with PI and K variables. Smooth-
ing value was 0.7.

Figures were created in Microsoft Excel, PAST software (v. 3.26b Hammer et al. 
2001) and QGIS (v. 3.28.10, QGIS Develoment Team 2023). An alpha value of 
0.05 was used to determine statistical significance of all tests.

Results

We detected L. pavlovskii plerocercoids in 224 individuals from 547 dissected 
monkey gobies (155 individuals from a total of 339 fish in Tihany and 69 indi-
viduals from a total of 208 fish in Siófok). Ligula pavlovskii showed a significantly 
higher prevalence in monkey gobies collected at Tihany (45.4%) than in those 
collected at Siófok (33.2%; χ2 1, n = 547 = 8.4; p = 0.004). Parasite prevalence did 
not differ between sexes (χ2 1, n = 546 = 0.4; p = 0.528). Mean intensity (± SE) of 
L. pavlovskii were 1.7 ± 0.1 in Tihany and 1.4 ± 0.1 in Siófok. Mean abundance 
(±SE) of L. pavlovskii were 0.8 ± 0.1 in Tihany and 0.5 ± 0.1 in Siófok. The 
summed wet weight of the tapeworms taken from each goby individual varied 
between 0.002 and 1.87 g (mean ± SD; 0.439 ± 0.329 g). The SL of the sampled 
fish ranged from 31 to 113 mm (62 ± 13 mm), their WF varied between 0.56 and 
28.78 g (4.47 ± 3.35 g).

Median PI was typically low in May and June due to an increased number of 
new infestations from the given year and a reduced number of fish infected in pre-
vious year. Median PI then increased steadily until October (effect of month: df = 
6,216; F = 8.903; p < 0.001; Fig. 2). The highest median PI values were found in 
October (13.3) and April (12.9) (Fig. 2).

The K of fish ranged from 0.47 to 1.18 (0.82 ± 0.08) and was not affected by 
the presence of the parasite, however we found a relationship between K and PI 
within the infected group (Df = 1;214; F = 20,906; p < 0.001; Table 1). A noti-
cable decline in K was observed at high PI values (>10%; Fig. 3). Additionally, K 
varied with months and sexes, but showed no significant differences between study 
sites (Table 1).
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Table 1. Effect of L. pavlovskii infection and parasite index on the life history traits of the monkey goby. Final results of general linear 
models are shown after applying backward stepwise selection of the non-significant predictor background variables (referred to as omitted).

Dependent 
variables →

Condition factor GSI (female) GSI (male) Mean egg size Fecundity

Predictor 
variables ↓

F df p F df p F df p F df p F df p

Parasite infection 0.0153 1;537 0.902 74.719 1;308 < 0.001 7.237 1;158 0.008 114.11 1;215 < 0.001 6.772 1;214 0.010

Month 24.942 6;537 < 0.001 37.006 6;308 < 0.001 4.446 6;158 < 0.001 18.361 6;215 < 0.001 8.46 6;214 < 0.001

Sample site omitted 4.56 1;308 0.034 omitted 5.95 1;215 0.016 omitted

Sex 17.271 1;537 < 0.001 – – – –

Month×Infection omitted 5.324 6;308 < 0.001 omitted 4.434 6;215 < 0.001 omitted

Sex × Infection omitted – – – –

Sample site × 
Infection

omitted omitted omitted omitted omitted

TL (females only) – – – 30.824 1;215 < 0.001 204.01 1;214 < 0.001

Parasite index 20.906 1;214 < 0.001 29.488 1;124 < 0.001 0.018 1;59 0.893 14.539 1;88 < 0.001 0.095 1;82 0.759

Month 10.298 6;214 < 0.001 2.609 6;124 0.021 3.360 6;59 0.007 3.166 6;88 0.007 5.008 6;82 < 0.001

Sample site omitted omitted omitted omitted 5.975 1;82 0.017

Sex 9.978 1;214 0.002 – – – –

Month × PI omitted omitted omitted omitted omitted

Sex × PI omitted – – – –

Sample site × PI omitted omitted omitted omitted omitted

TL (females only) – – – 24.942 1;88 < 0.001 50.4 1;82 < 0.001

Figure 2. Monthly variation of the parasite index (PI) values in monkey goby. Black lines: median; 
Whiskers: minimum and maximum (excluding outliers); Dots: outliers.
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Figure 3. Scatterplot of parasite index (PI) and Fulton’s condition factor (K) with locally weighted regression curve (black line) and 95% 
confidence band based on 999 random replicates (between red dotted lines).

The length frequency distributions of infected and non-infected monkey goby 
showed seasonal differences. There was no difference in spring (χ2 8, n = 217 = 8.3; p = 
0.407), but a statistically significant difference was found in summer and autumn 
(χ2 8, n = 196 = 31.91; p < 0.001 and χ2 8, n = 152 = 42.84; p < 0.001) due to the bigger 
body size of the infected individuals (Fig. 4).

Female monkey goby GSI ranged between 0.01 and 18.33 (2.59 ± 3.49) and 
was affected by both the presence of the parasite and the PI. GSI also varied ac-
cording to sampling months and sampling sites. Male monkey goby GSI ranged 
between 0.00 and 6.82 (0.57 ± 1.10), and it was only affected by the presence of 
the parasite (Table 1, Fig. 5.) The monthly trend in GSI was similar in both sexes; 
mean values for ligula-free individuals increased in spring, reaching peak values 
in May (Fig. 5). Afterward, GSI values declined gradually toward summer and 
autumn. Mean GSI values of infected monkey goby rarely approched the values of 
the ligula-free group in the same month. This is particularly true for the spawning 
season, thus the seasonal trend is not obvious (Fig. 5).
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Figure 4. Seasonal variation in the size frequency distribution of infected (blue bar) and ligula-free (orange bar) monkey goby specimens 
in Lake Balaton.

Absolute fecundity ranged between 65 and 2726 (785 ± 375) during the sam-
pling period. Although the presence of the tapeworm had significant effect on AF, 
the PI did not affect it (Table 1). Positive correlation was found between TL and 
AF in the case of prespawning individuals (April and May, n = 118, R2 = 0.6031). 
Number of eggs and mean egg size were affected by total length of the fish (Table 1).

Size of eggs ranged between 0.1 and 1.9 mm, and was influenced by the presence 
of the parasite, the PI and the sampling month (Table 1). In the active months of 
reproduction, the ovaries of non-infected females contained bigger, matured or 
maturing eggs in higher frequency than in infected females (Fig. 6).

Relatively large ligula has additional physical effect on inner organs, such as 
gonads. The bigger the parasite, the more it compresses the organs (Fig. 7).

Discussion

Our results demonstrated a considerable effect of L. pavlovskii on the life history of 
monkey goby host. Firstly, the sampled populations of monkey goby were highly 
exposed to parasite infection. As a presumed consequence of the large body size of 
the parasite compared to its host, we found a difference in both somatic and repro-
ductive investments. On the other hand, the high prevalence of the parasite and 
the inevitable mortality resulted in a much shorter expected lifespan for the fish. 
The individual effects observed underscore the substantial impact of the parasite’s 
presence on the monkey goby population of the lake.

The prevalence observed in the studied populations is approximately in line 
with the data reported by Vitál et al. (2021). In light of the prevalence values 
reported for different sampling sites in Lake Balaton, the prevalence data of the 
present study are not extremely high. The average prevalence across 17 sites in the 
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Figure 5. Mean monthly GSI values of male and female monkey goby. Blue squares represent infect-
ed, oranges represent ligula-free individuals. SD values have been omitted for clarity.

lake was 44.4%, with a maximum exceeding 84% (Vitál et al. 2021). In the native 
range of the monkey goby, across various populations in the Black Sea region, 
prevalence ranged from 0% to 22.8%, mean intensity ranged from 0 to 4, and 
mean abundance from 0 to 0.3 across sampling sites (Kvach 2005, 2010; Kvach et 
al. 2014; Yuryshynets et al. 2017). The infestation parameter values observed in the 
present study exceed those reported in the native range of the species.

The reproductive cycle considerably differed between infected and non-infected 
monkey gobies. Non-infected individuals (both sexes) showed a normal reproduc-
tive cycle. This is confirmed by the trend of GSI values (Fig. 5) and the size-fre-
quency of the oocytes (Fig. 6). According to the within-year trend of GSI for ligu-
la-free individuals, females increase ovary masses rapidly between April and May, 
after which a decline is typical. This trend indicates that the reproductive season 
of the monkey goby in Lake Balaton takes place from April to August. This is in 
accordance with the report of the species in non-native areas (Gertzen et al. 2016) 
and natives as well (Konečná and Jurajda 2012). By contrast, infected individuals 
were inhibited in reproduction; GSI values were typically low in the reproductive 
season (Fig. 5) as a result of the lack of oocyte maturity (Fig. 6).

Parasites have two different strategies to influence host reproduction: direct ma-
nipulation of energy allocation by ‘castrators’ and nutrient theft by ‘consumers’. True 
castrators directly deactivate host reproduction using physical or chemical ways. By 
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Figure 6. Mean monthly size-frequency distribution of oocytes of monkey goby. Blue columns represent infected, orange columns rep-
resent non-infected individuals.

contrast, consumers have an indirect effect on host reproduction as a side effect of 
stealing host energy (Baudoin 1975). Therefore, the effect of true castrators on re-
production occurs early in the infection, influencing both less and heavily infected 
individuals, while the effect of consumers increases with the severity of infection (PI) 
(Hurd 2001; Hall et al. 2007). Closely related parasite species act both as true castra-
tors and consumers. Hormonal studies found that L. intestinalis, L. 1758 (Diphyl-
lobothriidae) parasite behaves as a castrator, because it inhibits gonad development 
in both male and female roach by altering levels of sex hormones (Geraudie et al. 
2010; Trubiroha et al. 2010, 2011). Furthermore, Schistocephalus pungitii, Dubini-
na, 1959 (Diphyllobothriidae) causes host sterility as a result of nutrient drainage 
(Heins 2017). The process for the caused sterility of L. pavlovskii in the monkey goby 
remains unknown and further experimental studies are needed to elucidate this.

In any case, the lack of oocyte development results energy surplus which could 
be used for the energy requirement of the parasite or other life history elements. 
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Figure 7. Physical effect of large L. pavlovskii on monkey goby gonads. Ligulas may fill the whole 
body cavity (a, b), and they can compress the internal organs like gonads (c); d is an ovary of a 
non-infected individual from the same month (October) and sampling site (Siófok).

Our results suggest, as long as the parasite does not exceed a considerable size, the 
energy surplus from gonadal maturation is higher than the needs of the parasite. 
Host individuals might be able to invest more energy in their body development 
which seems to be confirmed by maintained condition factor and accelerated 
growth of infected monkey goby in our study. Ould Ruis et al. (2016) found 
similar phenomena, L. intestinalis did not affect the condition of Algerian barb 
(Luciobarbus callensis, Valenciennes, 1842), but the infected fish were significant-
ly longer than the uninfected, and had inhibited gonad development. In some 
cases, this apparent good fitness could not be explained by reduced gonad devel-
opment (see: parasite induced ‘gigantism’; e.g. Arnott et al. 2000). Arnott et al. 
(2000) found that experimentally infected three-spined sticklebacks (Gasterosteus 
aculeatus, Linnaeus, 1758) grew faster, maintained similar or better conditions 
compared to uninfected fish, and successfully developed an immune response, de-
spite the energy drain of the parasite S. solidus (Müller, 1776) Steenstrup, 1857 
(Diphyllobothriidae). In this case, the parasite fitness is directly linked to the host 
energy allocation. Since the parasite is large-bodied, the accelerated growth of the 
small-bodied host fish could assist the growth of a relatively large plerocercoid to 
produce eggs. The survival of the host species is critical for the parasite during de-
velopment. Lower metabolic rate of larger individuals (Clarke and Johnston 1999) 
with good condition could prevent the overwinter mortality caused by starvation 
(Berg and Bremset 1998; Post et al. 1998). Nevertheless, predatory birds select the 
largest individuals from the population (Van der Veer et al. 1997), thereby the life 
cycle of the parasite in a bigger fish may be guaranteed at higher probability than 
in a smaller fish. This situation is similar to the case of L. pavlovskii and monkey 
goby, therefore we cannot exclude the parasite induced gigantism, but further ex-
perimental research is needed to determine the role of L. pavlovskii in growth and 
condition of monkey goby. Condition depended on the sampling month and sex 
of the fish as well. The effect of months evidently follows the cyclical process of the 
year, while the effect of sex on K factor is attributed to the parental care (guarding 
eggs) of male individuals, which is energetically costly because of constraint forag-
ing opportunities (Smith and Wootton 1995).

The highest PI was found in monkey gobies collected in April, compared to the 
other sampling months. Those individuals were the ones that were infected in the 
previous year and managed to survive the winter. In May we were able to detect 
the new infections, resulting in small larvae in the abdominal cavity of the fish. 
Although we did not examine changes in monkey goby mortality, our data allow 
us to conclude increased mortality due to parasite infection. Based on the seasonal 
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variation of the parasite index, we can assume that fish can only survive infection 
with the parasite to a negligible extent for more than a year. This is indicated by the 
seasonal trend of the PI values, where the high values in early spring are followed 
by a decline, then a slow and gradual increase, reaching values similar to those 
observed in spring.

The appearance of the parasite, its high prevalence, and the strong physio-
logical effects it causes suggest that parasitic pressure on the monkey goby can 
strongly affect infected populations. This may also influence populations of un-
infected, competing species. Increased mortality (for example, due to higher 
exposure to predation; e.g. Harris and Wheeler 1974; Bean and Winfield 1989; 
Barber et al. 2000) and reduced reproduction success may decrease the abun-
dance of the non-native fish species involved in competition. Parasites can re-
duce the host’s competitive ability (Aliabadi and Juliano 2002). As a result, the 
parasite may slow the spread of the invasion front and lessen the impact of pop-
ulations behind the front on native fish. Therefore, carefully managed infestation 
with L. pavlovskii may reduce the invasion success of the parasite-sensitive Pon-
to-Caspian goby species, although spill over to native taxa and the implications 
there of remains unconsidered.

Conclusions

In this study, we demonstrate for the first time the impact of the L. pavlovskii 
parasite on its host organism. Our results indicate that the parasite significantly 
affects, and can even completely suppress the reproductive capabilities of the host, 
influences individual growth and condition, and increases mortality. Given the 
observed high prevalence, this has a substantial effect on the entire population. As 
such, our findings may prove valuable in the future for developing various conser-
vation intervention in the fight against invasive species.

Acknowledgments

We would like to thank Bernadett Kern for her general help during the project and 
Kálmán Molnár for his advice.

Additional information
Conflict of interest
The authors have declared that no competing interests exist.

Ethical statement
No ethical statement was reported.

Funding
This study was supported by the GINOP-2.3.2-15-2016-00004 project. The work of IC, BP, PT 
and TE was supported by the Széchenyi Plan Plus Program (RRF-2.3.1-21-2022-00014) and the 
Sustainable Development and Technologies National Programme of the Hungarian Academy of Sci-
ences (NP2022-II-3/2022). István Czeglédi was also supported by the OTKA PD 138296 grant 
(National Research, Development and Innovation Office – NKFIH).



143NeoBiota 99: 131–147 (2025), DOI: 10.3897/neobiota.99.154887

Zoltán Vitál et al.: Effect of the tapeworm Ligula pavlovskii on the life-history of the monkey goby

Author contributions
Sample collections were performed by Z. Vitál, I. Czeglédi, B. Preiszner, P. Takács, and N. Boross. 
The laboratory work was performed by Z. Vitál E. Megyeri, and N. Boross. Study design and data 
analyses were conducted by Z. Vitál, N. Boross, T. Erős. The first draft of the manuscript was written 
by Z. Vitál. All authors made substantial contributions to the preparation of the manuscript. All 
authors have read and approved the final version of the manuscript.

Author ORCIDs
Zoltán Vitál  https://orcid.org/0000-0001-7832-082X
István Czeglédi  https://orcid.org/0000-0002-0244-7987
Márton Sallai  https://orcid.org/0009-0006-8958-4699
Nóra Boross  https://orcid.org/0000-0002-3362-160X

Data availability
All of the data that support the findings of this study are available in the main text or Supplementary 
Information.

References

Aliabadi BW, Juliano SA (2002) Escape from gregarine parasites affects the competitive interactions of an 
invasive mosquito. Biological Invasions 4: 283–297. https://doi.org/10.1023/A:1020933705556

Anderson RO, Gutreuter SJ (1983) Length, weight and associated structural indices. In: Nielsen 
LA, Johnson DL (Eds) Fisheries techniques. American Fisheries Society, Bethesda, Maryland, 
283–300.

Arnott SA, Barber I, Huntingford FA (2000) Parasite-associated growth enhancement in a fish-cestode 
system. Proceedings. Biological Sciences 267: 657–663. https://doi.org/10.1098/rspb.2000.1052

Barber I, Hoare D, Krause J (2000) Effects of parasites on fish behaviour: A review and evo-
lutionary perspective. Reviews in Fish Biology and Fisheries 10: 131–165. https://doi.
org/10.1023/A:1016658224470

Baudoin M (1975) Host Castration as a Parasitic Strategy. Evolution; International Journal of Or-
ganic Evolution 29: 335. https://doi.org/10.2307/2407221

Bean CW, Winfield IJ (1989) Biological and ecological effects of a Ligula intestinalis (L.) infestation 
of the gudgeon, Gobio gobio (L.), in Lough Neagh, Northern Ireland. Journal of Fish Biology 34: 
135–147. https://doi.org/10.1111/j.1095-8649.1989.tb02963.x

Berg OK, Bremset G (1998) Seasonal changes in the body composition of young river-
ine Atlantic salmon and brown trout. Journal of Fish Biology 52: 1272–1288. https://doi.
org/10.1111/j.1095-8649.1998.tb00971.x

Bij de Vaate A, Jazdzewski K, Ketelaars HAM, Gollasch S, Van der Velde G (2002) Geographical pat-
terns in range extension of Ponto-Caspian macroinvertebrate species in Europe. Canadian Journal 
of Fisheries and Aquatic Sciences 59: 1159–1174. https://doi.org/10.1139/f02-098

Bíró P (1971) Neogobius fluviatilis in Lake Balaton-a Ponto-Caspian goby new to the fauna of central 
Europe. Journal of Fish Biology 4: 249–255. https://doi.org/10.1111/j.1095-8649.1972.tb05671.x

Blanck A, Lamouroux N (2007) Large-scale intraspecific variation in life-history traits of euro-
pean freshwater fish. Journal of Biogeography 34: 862–875. https://doi.org/10.1111/j.1365-
2699.2006.01654.x

Burt JM, Hinch SG, Patterson DA (2011) The importance of parentage in assessing temperature 
effects on fish early life history: A review of the experimental literature. Reviews in Fish Biology 
and Fisheries 21: 377–406. https://doi.org/10.1007/s11160-010-9179-1

https://orcid.org/0000-0001-7832-082X
https://orcid.org/0000-0002-0244-7987
https://orcid.org/0009-0006-8958-4699
https://orcid.org/0000-0002-3362-160X
https://doi.org/10.1023/A:1020933705556
https://doi.org/10.1098/rspb.2000.1052
https://doi.org/10.1023/A:1016658224470
https://doi.org/10.1023/A:1016658224470
https://doi.org/10.2307/2407221
https://doi.org/10.1111/j.1095-8649.1989.tb02963.x
https://doi.org/10.1111/j.1095-8649.1998.tb00971.x
https://doi.org/10.1111/j.1095-8649.1998.tb00971.x
https://doi.org/10.1139/f02-098
https://doi.org/10.1111/j.1095-8649.1972.tb05671.x
https://doi.org/10.1111/j.1365-2699.2006.01654.x
https://doi.org/10.1111/j.1365-2699.2006.01654.x
https://doi.org/10.1007/s11160-010-9179-1


144NeoBiota 99: 131–147 (2025), DOI: 10.3897/neobiota.99.154887

Zoltán Vitál et al.: Effect of the tapeworm Ligula pavlovskii on the life-history of the monkey goby

Bush AO, Lafferty KD, Lotz JM, Shostak AW (1997) Parasitology meets ecology on its own terms: 
Margolis et al. Revisited. The Journal of Parasitology 83: 575. https://doi.org/10.2307/3284227

Carter V, Pierce R, Dufour S, Arme C, Hoole D (2005) The tapeworm Ligula intestinalis (Cestoda: 
Pseudophyllidea) inhibits LH expression and puberty in its teleost host, Rutilus rutilus. Reproduc-
tion (Cambridge, England) 130: 939–945. https://doi.org/10.1530/rep.1.00742

Catford JA, Bode M, Tilman D (2018) Introduced species that overcome life history tradeoffs can 
cause native extinctions. Nature Communications 9: 2131. https://doi.org/10.1038/s41467-018-
04491-3

Clarke A, Johnston NM (1999) Scaling of metabolic rate with body mass and temperature in teleost 
fish. Journal of Animal Ecology 68: 893–905. https://doi.org/10.1046/j.1365-2656.1999.00337.x

Clavero M, Garcia-Berthou E (2005) Invasive species are a leading cause of animal extinctions. 
Trends in Ecology & Evolution 19: 17071. https://doi.org/10.1016/j.tree.2005.01.003

Copp GH, Bianco PG, Bogutskaya NG, Eros T, Falka I, Ferreira MT, Fox MG, Freyhof J, Gozlan 
RE, Grabowska J, Kováč V, Moreno-Amich R, Naseka AM, Peňáz M, Povž M, Przybylski M, 
Robillard M, Russell IC, Stakenas S, Šumer S, Vila-Gispert A, Wiesner C (2005) To be, or not 
to be, a non-native freshwater fish? Journal of Applied Ichthyology 21: 242–262. https://doi.
org/10.1111/j.1439-0426.2005.00690.x

Czeglédi I, Preiszner B, Vitál Z, Kern B, Boross N, Specziár A, Takács P, Erős T (2019) Habitat use 
of invasive monkey goby (Neogobius fluviatilis) and pumpkinseed (Lepomis gibbosus) in Lake Ba-
laton (Hungary): A comparison of electrofishing and fyke netting. Hydrobiologia 846: 147–158. 
https://doi.org/10.1007/s10750-019-04060-9

Dubinina M (1959) A new Ligula species – Ligula pavlovskii, sp. n. from Benthophilus stellatus (Go-
biidae). Zoologicheskiy zhurnal [Зоологический журнал] 38: 378–384. [in Russian with english 
summary]

Fogelman RM, Kuris AM, Grutter AS (2009) Parasitic castration of a vertebrate: Effect of the cy-
mothoid isopod, Anilocra apogonae, on the five-lined cardinalfish, Cheilodipterus quinquelineatus. 
International Journal for Parasitology 39: 577–583. https://doi.org/10.1016/j.ijpara.2008.10.013

Fox J, Weisberg S (2011) Car: companion to applied regression. https://cran.r-project.org/package=car
Fujiwara M, Mohr MS, Greenberg A, Scott Foott J, Bartholomew JL (2011) Effects of ceratomyxosis 

on population dynamics of Klamath fall-run Chinook salmon. Transactions of the American 
Fisheries Society 140: 1380–1391. https://doi.org/10.1080/00028487.2011.621811

Gendron AD, Marcogliese DJ, Thomas M (2012) Invasive species are less parasitized than native 
competitors, but for how long? The case of the round goby in the Great Lakes-St. Lawrence Basin. 
Biological Invasions 14: 367–384. https://doi.org/10.1007/s10530-011-0083-y

Geraudie P, Boulange-Lecomte C, Gerbron M, Hinfray N, Brion F, Minier C (2010) Endocrine ef-
fects of the tapeworm Ligula intestinalis in its teleost host, the roach (Rutilus rutilus). Parasitology 
137: 697–704. https://doi.org/10.1017/S003118200999151X

Gertzen S, Fidler A, Kreische F, Kwabek L, Schwamborn V, Borcherding J (2016) Reproductive 
strategies of three invasive Gobiidae co-occurring in the Lower Rhine (Germany). Limnologica 
56: 39–48. https://doi.org/10.1016/j.limno.2015.10.005

Hall SR, Becker C, Caceres CE (2007) Parasitic castration: A perspective from a model of dynamic 
energy budgets. Integrative and Comparative Biology 47: 295–309. https://doi.org/10.1093/icb/
icm057

Hammer Ø, Harper DAT, Ryan PD (2001) Past: Paleontological statistics software package for edu-
cation and data analysis. Palaeontologia Electronica 4: 1–9.

Harris MT, Wheeler A (1974) Ligula infestation of bleak Alburnus alburnus (L.) in the tidal Thames. 
Journal of Fish Biology 6: 181–188. https://doi.org/10.1111/j.1095-8649.1974.tb04535.x

Heins DC (2017) The cestode parasite Schistocephalus pungitii: Castrator or nutrient thief of nine-
spine stickleback fish? Parasitology 144: 834–840. https://doi.org/10.1017/S0031182016002596

https://doi.org/10.2307/3284227
https://doi.org/10.1530/rep.1.00742
https://doi.org/10.1038/s41467-018-04491-3
https://doi.org/10.1038/s41467-018-04491-3
https://doi.org/10.1046/j.1365-2656.1999.00337.x
https://doi.org/10.1016/j.tree.2005.01.003
https://doi.org/10.1111/j.1439-0426.2005.00690.x
https://doi.org/10.1111/j.1439-0426.2005.00690.x
https://doi.org/10.1007/s10750-019-04060-9
https://doi.org/10.1016/j.ijpara.2008.10.013
https://cran.r-project.org/package=car
https://doi.org/10.1080/00028487.2011.621811
https://doi.org/10.1007/s10530-011-0083-y
https://doi.org/10.1017/S003118200999151X
https://doi.org/10.1016/j.limno.2015.10.005
https://doi.org/10.1093/icb/icm057
https://doi.org/10.1093/icb/icm057
https://doi.org/10.1111/j.1095-8649.1974.tb04535.x
https://doi.org/10.1017/S0031182016002596


145NeoBiota 99: 131–147 (2025), DOI: 10.3897/neobiota.99.154887

Zoltán Vitál et al.: Effect of the tapeworm Ligula pavlovskii on the life-history of the monkey goby

Henricson J (1977) The abundance and distribution of Diphyllobothrium dendriticum (Nitzsch) and 
D. ditremum (Creplin) in the char Salvelinus alpinus (L.) in Sweden. Journal of Fish Biology 11: 
231–248. https://doi.org/10.1111/j.1095-8649.1977.tb04116.x

Herman O (1887) A Magyar Halászat Könyve [The Book of Hungarian Fisheries]. A K. M. Ter-
mészettudományi Társulat, Budapest, Hungary, 860 pp. https://doi.org/10.5962/bhl.title.48836

Hurd H (2001) Host fecundity reduction: A strategy for damage limitation? Trends in Parasitology 
17: 363–368. https://doi.org/10.1016/S1471-4922(01)01927-4

Jude DJ, Reider RH, Smith GR (1992) Establishment of Gobiidae in the Great Lakes basin. Cana-
dian Journal of Fisheries and Aquatic Sciences 49: 416–421. https://doi.org/10.1139/f92-047

Keane RM, Crawley MJ (2002) Exotic plant invasions and the enemy release hypothesis. Trends in 
Ecology & Evolution 17: 164–170. https://doi.org/10.1016/S0169-5347(02)02499-0

Kołodziej-Sobocińska M, Brzeziński M, Niemczynowicz A, Zalewski A (2018) High parasite infec-
tion level in non-native invasive species: It is just a matter of time. Ecography 41: 1283–1294. 
https://doi.org/10.1111/ecog.03362

Konečná M, Jurajda P (2012) Population structure, condition, and reproduction characteristics 
of native monkey goby, Neogobius fluviatilis (Actinopterygii: Perciformes: Gobiidae), in the 
Bulgarian Danube. Acta Ichthyologica et Piscatoria 42: 321–327. https://doi.org/10.3750/
AIP2012.42.4.05

Kornis MS, Mercado-Silva N, vander Zanden MJ (2012) Twenty years of invasion: A review of 
round goby Neogobius melanostomus biology, spread and ecological implications. Journal of Fish 
Biology 80: 235–285. https://doi.org/10.1111/j.1095-8649.2011.03157.x

Kovács G (2017) Vízimadár fajok állományviszonyai a Balaton déli partján. Magyar Vízivad Kö-
zlemények 30: 165–204. https://doi.org/10.17242/MVvK [Population dinamics of waterbird 
species on the southern shore of Lake Balaton] [Hungarian Waterfowl Publications] https://doi.
org/10.17242/MVvK_30.05

Krkošek M, Ford JS, Morton A, Lele S, Myers RA, Lewis MA (2007) Declining wild salmon 
populations in relation to parasites from farm salmon. Science 318: 1772–1775. https://doi.
org/10.1126/science.1148744

Kvach Y (2005) A comparative analysis of helminth faunas and infection parameters of ten species of 
gobiid fishes (Actinopterygii: Gobiidae) from the North-Western Black Sea. Acta Ichthyologica et 
Piscatoria 35: 103–110. https://doi.org/10.3750/AIP2005.35.2.06

Kvach Y (2010) Communities of metazoan parasites of gobiid fishes (Actinopterygii: Gobiidae) of 
the water complex of lower Dniester River. Visnyk Lvivskogo Universytetu. Biology Series 54: 
208–215. [in Ukrainian with English abstract]

Kvach Y, Ondračková M (2020) Checklist of parasites for Ponto-Caspian gobies (Actinopterygii: 
Gobiidae) in their native and non-native ranges. Journal of Applied Ichthyology: 1–29. https://
doi.org/10.1111/jai.14036

Kvach Y, Kornyychuk Y, Mierzejewska K, Rubtsova N, Yurakhno V, Grabowska J, Ovcharenko M 
(2014) Parasitization of invasive gobiids in the eastern part of the Central trans-European corridor 
of invasion of Ponto-Caspian hydrobionts. Parasitology Research 113: 1605–1624. https://doi.
org/10.1007/s00436-014-3791-2

Kvach Y, Zamorov V, Pupins M (2021) Review of invasive Ponto-Caspian gobiids: current range and 
history of expansion. Daugavpils University Academic Press “Saule”, 92 pp.

Loot G, Francisco P, Santoul F, Lek S, Guegan JF (2001) The three hosts of the Ligula intestina-
lis (Cestoda) life cycle in Lavernose-Lacasse gravel pit, France. Archiv für Hydrobiologie 152: 
511–525. https://doi.org/10.1127/archiv-hydrobiol/152/2001/511

Munday PL, Donelson JM, Dixson DL, Endo GGK (2009) Effects of ocean acidification on the ear-
ly life history of a tropical marine fish. Proceedings. Biological Sciences 276: 3275–3283. https://
doi.org/10.1098/rspb.2009.0784

https://doi.org/10.1111/j.1095-8649.1977.tb04116.x
https://doi.org/10.5962/bhl.title.48836
https://doi.org/10.1016/S1471-4922(01)01927-4
https://doi.org/10.1139/f92-047
https://doi.org/10.1016/S0169-5347(02)02499-0
https://doi.org/10.1111/ecog.03362
https://doi.org/10.3750/AIP2012.42.4.05
https://doi.org/10.3750/AIP2012.42.4.05
https://doi.org/10.1111/j.1095-8649.2011.03157.x
https://doi.org/10.17242/MVvK
https://doi.org/10.17242/MVvK_30.05
https://doi.org/10.17242/MVvK_30.05
https://doi.org/10.1126/science.1148744
https://doi.org/10.1126/science.1148744
https://doi.org/10.3750/AIP2005.35.2.06
https://doi.org/10.1111/jai.14036
https://doi.org/10.1111/jai.14036
https://doi.org/10.1007/s00436-014-3791-2
https://doi.org/10.1007/s00436-014-3791-2
https://doi.org/10.1127/archiv-hydrobiol/152/2001/511
https://doi.org/10.1098/rspb.2009.0784
https://doi.org/10.1098/rspb.2009.0784


146NeoBiota 99: 131–147 (2025), DOI: 10.3897/neobiota.99.154887

Zoltán Vitál et al.: Effect of the tapeworm Ligula pavlovskii on the life-history of the monkey goby

Nash R, Valencia A, Geffen A (2006) The Origin of Fulton’s Condition Factor — Setting the Record 
Straight. Fisheries (Bethesda, Md.) 31: 236–238. https://doi.org/10.1016/j.anbehav.2015.04.024

Nazarizadeh M, Nováková M, Loot G, Gabagambi NP, Fatemizadeh F, Osano O, Presswell B, Poulin 
R, Vitál Z, Scholz T, Halajian A, Trucchi E, Kočová P, Štefka J (2023) Historical dispersal and 
host-switching formed the evolutionary history of a globally distributed multi-host parasite – 
The Ligula intestinalis species complex. Molecular Phylogenetics and Evolution 180. https://doi.
org/10.1016/j.ympev.2022.107677

Németh P, G-Tóth L (2003) A Zooplankton struktúrája és néhány fizikokémiai változó a Balaton két 
harántszelvényében 2002 és 2003 aszályos nyarán. Hidrológiai Közlöny 84: 101–103. [Composi-
tion of the summer zooplankton in two transsections of Lake Balaton at extremly low water level] 
[in Hungarian with English abstract]

Ooue K, Terui A, Urabe H, Nakamura F (2017) A delayed effect of the aquatic parasite Margari-
tifera laevis on the growth of the salmonid host fish Oncorhynchus masou masou. Limnology 18: 
345–351. https://doi.org/10.1007/s10201-017-0514-2

Ould Ruis S, Rouis Ould A, Dumont HJ, Magellan K, Arab A (2016) Dynamics and effects of Ligula 
intestinalis (L.) infection in the native fish Barbus callensis Valenciennes, 1842 in Algeria. Acta 
Parasitologica 61(2): 307–318. https://doi.org/10.1515/ap-2016-0041

Post DM, Kitchell JF, Hodgson JR (1998) Interactions among adult demography, spawning date, 
growth rate, predation, overwinter mortality, and the recruitment of largemouth bass in a 
northern lake. Canadian Journal of Fisheries and Aquatic Sciences 55: 2588–2600. https://doi.
org/10.1139/cjfas-55-12-2588

Price PW (1980) Evolutionary biology of parasites. Princeton University Press, New Jersey, USA.
QGIS Develoment Team (2023) QGIS Geographic Information System. Open Source Geospatial 

Foundation Project. https://qgis.org
Schneider CA, Rasband WS, Eliceiri KW (2012) NIH Image to ImageJ: 25 years of image analysis. 

Nature Methods 9: 671–675. https://doi.org/10.1038/nmeth.2089
Smith C, Wootton RJ (1995) The costs of parental care in teleost fishes. Reviews in Fish Biology and 

Fisheries 5: 7–22. https://doi.org/10.1007/BF01103363
Specziár A (2010) A Balaton halfaunája: a halállomány összetétele, az egyes halfajok életkörülményei 

és a halállomány korszerű hasznosításának feltételrendszere [Fish Fauna of Lake Balaton: Stock 
composition, living conditions of fishand directives of the modern utilizatio. Debreceni Egyetem, 
Debrecen, Hungary, 185 pp. [in Hungarian]

Takács P, Czeglédi I, Ferincz Á, Sály P, Specziár A, Vitál Z, Weiperth A, Erős T (2017) Non-native 
fish species in Hungarian waters: Historical overview, potential sources and recent trends in their 
distribution. Hydrobiologia 795: 1–22. https://doi.org/10.1007/s10750-017-3147-x

Torchin ME, Lafferty KD, Dobson AP, McKenzie VJ, Kuris AM (2003) Introduced species and their 
missing parasites. Nature 421: 628–630. https://doi.org/10.1038/nature01346

Trubiroha A, Kroupova H, Wuertz S, Frank SN, Sures B, Kloas W (2010) Naturally-induced endo-
crine disruption by the parasite Ligula intestinalis (Cestoda) in roach (Rutilus rutilus). General and 
Comparative Endocrinology 166: 234–240. https://doi.org/10.1016/j.ygcen.2009.08.010

Trubiroha A, Kroupova H, Frank SN, Sures B, Kloas W (2011) Inhibition of gametogenesis by the 
cestode Ligula intestinalis in roach (Rutilus rutilus) is attenuated under laboratory conditions. 
Parasitology 138: 648–659. https://doi.org/10.1017/S0031182010001514

Van der Veer HW, Ellis T, Miller JM, Pihl L, Rijnsdrop AD (1997) Scaling of metabolic rate with 
body mass and temperature in teleost ¢sh. In: Chambers RC, Trippel EA (Eds) Early life his-
tory and recruitment in fish populations. Chapman & Hall, London, 279–303. https://doi.
org/10.1007/978-94-009-1439-1_10

Vitál Z, Boross N, Czeglédi I, Preiszner B, Erős T, Molnár K, Cech G, Székely C, Sándor D, Takács 
P (2021) First genetically verified occurrence of Ligula pavlovskii outside its native range and char-

https://doi.org/10.1016/j.anbehav.2015.04.024
https://doi.org/10.1016/j.ympev.2022.107677
https://doi.org/10.1016/j.ympev.2022.107677
https://doi.org/10.1007/s10201-017-0514-2
https://doi.org/10.1515/ap-2016-0041
https://doi.org/10.1139/cjfas-55-12-2588
https://doi.org/10.1139/cjfas-55-12-2588
https://qgis.org
https://doi.org/10.1038/nmeth.2089
https://doi.org/10.1007/BF01103363
https://doi.org/10.1007/s10750-017-3147-x
https://doi.org/10.1038/nature01346
https://doi.org/10.1016/j.ygcen.2009.08.010
https://doi.org/10.1017/S0031182010001514
https://doi.org/10.1007/978-94-009-1439-1_10
https://doi.org/10.1007/978-94-009-1439-1_10


147NeoBiota 99: 131–147 (2025), DOI: 10.3897/neobiota.99.154887

Zoltán Vitál et al.: Effect of the tapeworm Ligula pavlovskii on the life-history of the monkey goby

acteristics of its infection in Neogobius fluviatilis. Journal of Great Lakes Research 47: 236–241. 
https://doi.org/10.1016/j.jglr.2020.10.008

Watson SA, Allan BJM, McQueen DE, Nicol S, Parsons DM, Pether SMJ, Pope S, Setiawan AN, 
Smith N, Wilson C, Munday PL (2018) Ocean warming has a greater effect than acidification on 
the early life history development and swimming performance of a large circumglobal pelagic fish. 
Global Change Biology 24: 4368–4385. https://doi.org/10.1111/gcb.14290

Yuryshynets VI, Korniushyn VV, Podobaylo AV (2017) The first finding of Plerocercoids Ligula pav-
lovskii Dubinina, 1959 (Cestoda, Diphyllobothriidae) in Gobies from the freshwater Kakhovka 
reservoir. Hydrobiological Journal 53: 87–96. https://doi.org/10.1615/HydrobJ.v53.i2.90

Supplementary material 1

Raw data of the investigated individuals

Authors: Zoltán Vitál, István Czeglédi, Eszter Megyeri, Bálint Preiszner, Péter Takács, Tibor Erős, 
Márton Sallai, Nóra Boross

Data type: xlsx
Explanation note: Raw data of the investigated monkey goby individuals includes sampling data, 

somatic and reproductive parameters, and L. pavlovskii informations.
Copyright notice: This dataset is made available under the Open Database License (http://opendata-

commons.org/licenses/odbl/1.0/). The Open Database License (ODbL) is a license agreement 
intended to allow users to freely share, modify, and use this Dataset while maintaining this same 
freedom for others, provided that the original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.99.154887.suppl1

Supplementary material 2

Egg sizes

Authors: Zoltán Vitál, István Czeglédi, Eszter Megyeri, Bálint Preiszner, Péter Takács, Tibor Erős, 
Márton Sallai, Nóra Boross

Data type: xlsx
Explanation note: It contains monkey goby egg diameters.
Copyright notice: This dataset is made available under the Open Database License (http://opendata-

commons.org/licenses/odbl/1.0/). The Open Database License (ODbL) is a license agreement 
intended to allow users to freely share, modify, and use this Dataset while maintaining this same 
freedom for others, provided that the original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.99.154887.suppl2

https://doi.org/10.1016/j.jglr.2020.10.008
https://doi.org/10.1111/gcb.14290
https://doi.org/10.1615/HydrobJ.v53.i2.90
http://opendatacommons.org/licenses/odbl/1.0/
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/neobiota.99.154887.suppl1
http://opendatacommons.org/licenses/odbl/1.0/
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/neobiota.99.154887.suppl2

	Effect of the tapeworm Ligula pavlovskii on the life-history of the alien monkey goby (Neogobius fluviatilis)
	Abstract
	Introduction
	Materials and methods
	Study area
	Sample and data collections
	Statistical analyses

	Results
	Discussion
	Conclusions
	Acknowledgments
	Additional information
	References

