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The life cycle of Thaparocleidus vistulensis (Siwak, 1932), a host-specific monogenean parasite of European catfish
(Silurus glanis Linnaeus, 1758), was investigated by detailed observation of infection dynamics, egg development,
hatching rate and in vitro survival rates of the parasite at different life stages at 23 °C. A total of 30 naive fin-
gerlings were infected in three exposure trials by co-habitation with donor fish carrying adult parasites. Two fish
were dissected every two days during the 10-day experimental period to explore the development of larvae and
juvenile parasites on the host gills. Freshly laid eggs by adult monogeneans were collected and observed daily
under a light microscope until hatching. A total of 445 eggs were collected and distributed into wells of 96-well
microtiter plates containing filtered fish tank water to determine their hatching rates. A similar method was used
to investigate the survival rates of isolated parasites at different developmental stages (larvae, juveniles, and
adults). T. vistulensis populations on the European catfish in fish tanks increased markedly within ten days,
dependent on the severity of the initial infection levels of the donor fish. The first eggs hatched three to four days
after oviposition, and the hatching rate peaked on the fifth day (89.7%). The survival rate for freely swimming
oncomiracidia without host was 7.4% after five days, whereas isolated juvenile and adult parasites showed a
higher dependence of host contact (survival rates three days post-isolation of 0.9% and 1.6%, respectively). The
data allows prediction of parasite-host dynamics and may improve control of gill-disease in cultured European
catfish stocks in fish farms.

1. Introduction genus Thaparocleidus, which was erected based on studies of Indian host

fishes (Jain, 1952). In contrast to Europe, where only Silurus glanis

Monogenean gill parasites in siluriform fish, including the European
catfish Silurus glanis Linnaeus, 1758, belong mostly to the genus Tha-
parocleidus Jain, 1952 (Dactylogyridea: Monopisthocotylea). The three
congeneric species, T. siluri, T. vistulensis, and T. magnus, were described
from the European catfish by Zandt (1924), Siwak (1932), and
Bychowsky and Nagibina (1957), respectively. They have previously
been assigned to the genera Ancyrocephalus Creplin (1839), Ancylo-
discoides Yamaguti (1937), Parancylodiscoides Akhmerov (1964), and
Silurodiscoides Gussev (1985), before Lim et al. (2001) revised the list of
known dactylogyridean monogenean genera and transferred them to the

represents the Old World silurids, a wide range of species within the
genus Thaparocleidus can be found on a richness of silurid species in the
Far East and India. Of the latter, Pandey et al. (2003) re-described the
T. wallagonius the type-species of the genus, and proposed junior syno-
nym names for some others.

Thaparocleidus vistulensis is the most pathogenic gill monogenean
infecting European catfish. It is abundant in natural waters, where it
may cause mortalities in juvenile host populations, and in intensively
farmed fish all host sizes may be affected resulting in severe disease
(Molnar et al., 2019). Due to the evolutionary advantage of their direct
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life cycle, without intermediate hosts, the monogenean populations can
increase exponentially on the host (Buchmann and Bresciani, 2006) and
cause high morbidity and mass mortality in confined environments,
such as fish farms, leading to significant economic losses for aquacul-
tural enterprises (Thoney and Hargis, 1991). Basic knowledge and un-
derstanding of host dynamics of these parasites may assist the
development of management tools, which can be used to control the
disease (Buchmann, 1988a). The present study investigated the infection
dynamics and life cycle parameters (oviposition, egg development,
hatching, and survival of larvae, developing juvenile and adult para-
sites) for T. vistulensis currently eliciting disease in recirculated catfish
farms. Based on the observed dynamics, we suggest future control by use
of life cycle management.

2. Materials and methods
2.1. Source of fish and parasites

European catfish naturally infected with Thaparocleidus vistulensis
served a source of parasites for the experiments. They were transported
from a commercial fish farm in Hungary and subsequentlymaintained in
50 L flow-through system tanks at Veterinary Medical Research Insti-
tute, Budapest, Hungary (HUN-REN VMRI). On arrival, the infected
catfish were anaesthetised with clove oil (Javahery et al., 2012), and
small samples of the gills were taken using surgical scissors at the first
gill arch to confirm the presence of parasites and obtain a rough estimate
of their abundance (Gussev, 1983 modified by Bognar et al., in press).
Infection was then maintained by co-habitation according to the method
of Hutson et al. (2018) with modifications. To ensure a controlled
infection of donor fish we added additional oncomiracidia to cohabita-
tion tanks with naive fish. These infective larvae were produced from
parasite eggs settled on glass Petri dishes (with nylon mesh attached to
wooden frames), which were placed in tanks with the heavily infected
fish from the farm. The eggs were subsequently hatched, whereby
oncomiracidia could be used for infection of naive fish to be used as
donor fish in the subsequent infection trials. These were conducted by
placing the donor fish with naive juvenile fish, which were hatched and
reared in closed non-infected systems (commercial farm). Absence of the
monogenean in these fish were confirmed by parasitological examina-
tion before experimental start. All infection and experimental studies
were performed at 23 + 1 °C. All the life cycle stages of parasites were
collected and maintained in filtered (22 pm pore size) fish tank water.

2.2. Infection dynamics

A total of 30 European catfish fingerlings with a body weight of 6.35
+ 1.84 g and body length of 9.53 + 1.16 cm were used in three exposure
studies. Juvenile fish (n = 10/trial) were cohabited with infectious
donor fish (n = 1/trial) (with different infection levels — roughly esti-
mated by the Gussev 1983 method). The estimated number of mono-
geneans on the gills of donor fish for the First Trial, Second Trial, and
Third Trial were <100, <200, and >500, respectively. To determine the
intensity of T. vistulensis infection throughout the course of infection,
two fish were sacrificed every two days during the 10-day experimental
period. The fish were weighed and euthanized by decapitation. The
branchial baskets of the sacrificed fish were removed from both sides,
and the gill arches were separated. The worms found on all lamellae
were counted individually under a stereo microscope (Olympus SZ40,
Olympus Optical, Tokyo, Japan) at 6.7-40 x magnification. The number
of parasites found was recorded, and photos were taken using a
high-resolution microscope equipped with a digital camera (Olympus
DP74).

2.3. Parasite egg development

Monogeneans were isolated from the gill filaments using modified
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insect pins under a stereo microscope. Gravid specimens of T. vistulensis
were observed releasing eggs when they were gently disturbed by
vigorous shaking in a cavity block containing filtered water from a fish
tank. Thereafter, the eggs were randomly distributed in groups (n =
5-10) on concave glass microscope slides, 200 pL of filtered water from
the fish tank was added, a cover-slip applied whereafter the slide was
stored at 23 + 1 °C in a humid chamber to prevent evaporation. The
time of oviposition was set to “Time 0”. The time periods are indicated
below as hours post-oviposition (hpo) or days post-oviposition (dpo).
The eggs were observed daily under a compound microscope (Olympus
BX53) until hatching. Any changes in their morphology were docu-
mented and photographed using a high-resolution digital camera
(Olympus DP74) mounted on a compound microscope.

2.4. Invitro hatching rates

The hatching rate was determined as an important parameter of the
egg development process. Thaparocleidus vistulensis eggs were collected
as previously described on glass Petri dishes by placing them overnight
into tanks of heavily infected fish stock. A total of 445 eggs were
collected with a modified butterfly needle and glass Pasteur pipette and
immediately distributed into the wells of a 96-well microtiter plate, each
containing 100 pL of filtered fish tank water, and subsequently observed
daily under a stereo microscope. No water exchange or agitation was
applied (Whittington and Kearn, 1988). Hatching rates were recorded
daily. These time periods will be expressed below as days
post-oviposition (dpo). Hatching success (the percentage of hatched
eggs of all the observed eggs) was determined by counting the number of
empty egg shells with an open operculum. The experiment was termi-
nated 24 h after the last eggs hatched.

2.5. In vitro survival rates

In these trials, the in vitro survival rates of different life cycle stages of
T. vistulensis (larvae, developing juvenile- and adult monogeneans)
(without host) were observed. To achieve this, oncomiracidia (time
periods are indicated below as days post-oviposition (dpo)) were ob-
tained by hatching eggs in glass Petri dishes, while developing juvenile
(4-6 days post-infection (dpi)) and adult (>10 dpi) flukes were collected
directly from the separated gills arches with modified insect pins and
butterfly needle. Developing juvenile parasites (n = 204), adults (n =
153) and oncomiracidia (n = 135) were transferred into the wells of a
96-well microtiter plate and maintained at 23 + 1 °C. The wells con-
tained 50-100 pL of filtered (22 pm pore size) fish tank water. Parasites
that showed signs of trauma or died within 1 h of disposition were
discarded and excluded from the experiment. The microtiter plates were
held under a stereo microscope, and the activity of the flukes, including
death was observed and recorded daily. Active flukes were defined as
those that swam (for oncomiracidia), showed normal movements with
their anterior end, or exhibited a regular vigorous longitudinal
contraction. These parasites were transparent and not swollen. Mori-
bund flukes rarely moved spontaneously, but responded to stimulation
(when gently touched with the side of a dissecting needle) with slow
contractions. Immobile worms, which occasionally were swollen, and
repeatedly failed to respond to small nudges with a needle (Gran-
o-Maldonado et al., 2011), were considered dead.

3. Results
3.1. Infection dynamics

Following experimental exposure of European catfish to T. vistulensis,
we observed a significant increase in the number of gill flukes over the
10 d observation period. The intensity was dependent on the initial
infection level of the donor fish (Fig. 1). Fish were affected by the
infection level and showed equilibrium disturbances (position upside
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Fig. 1. Average infection dynamics of Thaparocleidus vistulensis. The First Trial
and Second Trial refer to the primary axis (left side), while the Third Trial refers
to the secondary axis (right side).

down in a near vertical position on the 10th day of co-habitation in the
Third Trial), where the estimated number of monogeneans attached to
the gills were up to 17,000-18,000 individuals. These fish clearly
exhibited pathological changes of the gill structure, whereas the lower
infection of the fish in the First and Second Trials showed fewer gross
pathological changes of the filaments. Thus, the Third Trial showed gills
heavily populated by monogeneans (Fig. 2AB), which was associated
with various levels of colour changes (from anaemic via pale colour to
places to areas with bright red appearance) and lamellar fusion (Fig. 2C
and D). Mature monogeneans with an egg inside the body could be
observed from 8 to 10 dpi for all trials (Fig. 2C and D).
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3.2. Egg development

Eggs were spheroidal in shape; 72.35 + 5.03 pm (range:
65.40-82.78) in length and 56.20 + 4.14 pm (range: 47.46-62.44) in
width, with a short and hooked polar filament 42.31 + 6.87 pm (range:
55.07-31.06) facilitating attachment to substrate (n 30). Mature
monogeneans deposited eggs individually. The viable eggs were light
brown, while the infertile eggs were darker and sometimes deformed.
The development of eggs until the first hatching 3 to 4 dpo showed a
uniform pattern. Shortly after oviposition, the eggs, were full of vitelline
material (Fig. 3A) and the embryo could not be distinguished (Fig. 3B).
Vitelline material was displaced to the periphery of the egg when an
organized embryonic mass could be seen inside the egg with a central
circle (Fig. 3C). After 24 hpo, the embryo became visible in the center of
the egg, surrounded with dispersed vitelline material (Fig. 3D), which
gradually decreased during the period of observation. The progressive
development of the embryo was detected (Fig. 3E) within 48 hpo. Before
the larva was fully developed, two pairs of primordial eyespots were
visible as small and scattered accumulation of pigment that gradually
condensed into well-defined eyespots. The appearance of a primordial
hamulus was also positioned between 48 and 72 hpo of development
(Fig. 3F and G). During this time, primordia of aligned ciliated cells were
visible (anterior, lateral, and posterior). The anterior part (head) of the
oncomiracidium was directed towards the operculum, while the poste-
rior part (haptor) folded backwards. The movement of larva in the egg
was limited in this phase. After 72 hpo, the sclerotized structures (cen-
tral anchor and marginal hooklets) were completely formed (Fig. 3H and
D. In this phase, the lively movement of the larva were observed, with
the oncomiracidium retracting and elongating in the egg. Ciliary beating
was seen in the anterior, lateral-, and posterior ciliated cell groups. Prior
to hatching vigorous movements of the oncomiracidium along with the
ciliated activity accelerated until the operculum opened, whereafter the

Fig. 2. The gills of infected fingerling European catfish by T. vistulensis. (A) Developing T. vistulensis attached to the normal gill filaments (arrows) at 2 dpi; (B)
Abundance of T. vistulensis on the gill at 10 dpi; (C) (D) Sexually mature monogenean with egg inside the body (arrows) situated on the heavily injured gill at 10 dpi.

Scale bars represent 200 pm.
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Fig. 3. Light micrographs of egg development of T. vistulensis. (A) Adult T. vistulensis with an egg inside its body; (B) egg right after oviposition; (C) Egg after 6 hpo;
(D) Egg after 24 hpo; (E) (F) Eggs between 24 and 48 hpo: (E) The whole embryo, (F) Larva with primordia of scattered pigment of eyespots and primordia of
hamulus; (G) Eggs between 48 and 72 hpo: Developing larva with marginal hooklets and ciliated cells, ventral view; (H) (I) Eggs after 72 hpo: (H) Developed larva
before eclosion with anchors and (I) marginal hooklets, lateral view; (J) Moment of eclosion; (K) Empty egg shell with opened operculum; (L) Recently hatched
oncomiracidium. Abbreviations: ac, anterior cilia; ca, central anchor; e, eyespot; Ic, lateral cilia; mh, marginal hooklets; o, operculum; pc, posterior cilia; pe, pri-
mordial eyespot; ph, primordia of hamulus. Scale bars represent 20 pm except for (A), (J), and (L) 50 pm.
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larva could escape by contraction of the body and propulsion by the cilia
(Fig. 3J). Empty eggs shells were observed between 72 and 96 hpo
(Fig. 3K), and the number of free swimming oncomiracidium emerged in
the water column (Fig. 3L).

3.3. Invitro hatching rates

The average time for Thaparocleidus vistulensis egg hatching was 3
d and the over-all hatching success was 89.7%. The first hatching was
detected on 3 dpo at a rate of 12.5% whereafter hatching ended at 84%
on 5 dpo (Fig. 4). Most of the eggs hatched between 3 and 4 dpd,
resulting in a 72.2% increase in cumulative hatching success, which
raised only a further 5% by 5 dpo. No newly hatched eggs were observed
after 5 dpo. The unhatched eggs were stuck at some stage of the
developmental process, and their colour changed to dark brown.

3.4. In vitro survival rates

Isolated parasites (larvae, developing juveniles, adults) were
observed in vitro, without host. The survival rates of the monogeneans at
different life cycle stages differed considerably. While the oncomiracidia
could survive for up to 5 days (7.4%), the developing juveniles and adult
monogeneans stayed alive for up to 3 days (0.9% and 1.6%, respec-
tively) (Fig. 5). The mobility rate gradually decreased over time and the
monogeneans were considered dead when they showed no physical
response to an external stimulus. Sometimes their bodies were swollen
or opaque white.

4. Discussion

Life cycle studies aiming at revealing the reproductive potential of
monogeneans on fish provide a basis for understanding infection pro-
cesses in fish farms and may eventually lead to development of man-
agement and control methods. Due to the amazing adaptability of
monogeneans to abiotic and biotic factors over time it is advised to
perform these studies for specific systems at specific time periods. Thus,
Molnar (1968, 1980) previously published well-supported data on the
infection dynamics of Thaparocleidus vistulensis and its life cycle pa-
rameters, but some deviation was found in the present study focusing on
development of embryo in the egg, hatching rate, hatching success, and
survival rates without host. It has previously been shown that the main
abiotic factors influencing the monogenean parasite population are
water temperature, light intensity and salinity (Bauer et al., 1973;
Buchmann 1988b; Gannicott and Tinsley, 1997). The main biotic factor
is the host species, but in addition the microbiota in the fish farm filters
and water phase may affect the life cycle significantly (Buchmann and
Bresciani, 2006). We showed that the T. vistulensis population on Euro-
pean catfish in fish tanks has a marked propagation potential and may
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Fig. 4. Average hatching rates of T. vistulensis larvae.
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Fig. 5. Average in vitro survival rates of T. vistulensis at different life stages.

reach devastating levels within 10 days, depending on the severity of the
initial infection of the donor fish. This observation should be kept in
mind when developing management protocols in fish farms at risk.
Quarantine periods of fish before introduction into fish farms is a
feasible way to prevent infection (Bauer et al., 1973). The pathology
induced by the infection and the associated clinical signs were previ-
ously reported by Molnar (1980) but we here indicate that these re-
actions differ considerably between fish. Thus, it may be suggested that
selection and breeding of fish strains with lower susceptibility to a
parasitic disease (Jaafar et al., 2020) may be a future approach to reach
better health in catfish farms.

An important epidemiological parameter is the generation time.
Molnar (1968) attempted to specify the time for a T. vistulensis indi-
vidual to reach maturity and noted adults 14 dpi. Our observation
indicated that some of the monogeneans became sexually mature and
produced eggs after 8 dpi, which is a highly important factor to consider
when forecasting propagation of a parasite population in the farm and
for determination for the correct time point for control method install-
ment. Previous studies on Pseudodactylogyrus spp. Parasites in recircu-
lated eel farms also showed that adults developed within 7-8 days
(Buchmann 1988b).

The reproductive strategies of monogeneans causing diseases in
finfish aquaculture have been well summarized by Hoai (2020). Un-
fortunately, apart from a study by Molnar (1968), there is a little
comparative information on reproductive strategies for Thaparocleidus
species. After oviposition of a mature T. vistulensis, the eggs adhere to
substrates and hatch to produce a free-swimming ciliated larva. The life
cycle of T. vistulensis (egg to egg-laying adult) is completed approxi-
mately within 13-15 days at 23 + 1 °C, which corresponds well with
Molnar (1968), who showed that the entire life cycle took around 13-14
days at 20-23 °C. The developmental data align very well with other
dactylogyrid monogeneans and inspiration for future control methods
may be found. One approach is to remove parasite eggs or larvae from
the fish farm system. The average size of the eggs (72.35 pm in length
and 56.20 pm in width) observed in this study at 23 °C was morpho-
logically consistent with those recorded by Molndr (1968) (67 pm in
length and 52 pm in width) at 18 °C, while the average length of the
filament was 42.31 pm and 41 pm, respectively. Nevertheless, the
average size of the eggs of T. vistulensis was smaller than those of
T. gomtius (84 pm in length and 75 pm in width) and of T. sudhakari (87
pm in length and 59 pm in width), which infected the catfish Wallago
attu (Verma et al., 2017). However, by using the obtained information
on egg and larval size it is possible to develop filtration systems in
recirculated fish farms. Mechanical filters with a mesh size of e.g. 40 pm
can catch both eggs and oncomiracidia and thereby reduce the infection
pressure (Buchmann and Bresciani, 2006).

A series of descriptions have been published on embryonic devel-
opment of various monogenean species, but none of them concerned
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members of the genus Thaparocleidus. Nevertheless, information on
other monogeneans, including Heterobothrium ecuadori (Gran-
o-Maldonado et al., 2011), Sparicotyle chrysophrii (Repullés-Albelda
et al., 2012), and Dawestrema cycloancistrium (Maciel et al., 2017),
suggests that the main process during egg development of T. vistulensis
follows a similar pattern to that described for others. This comprises
appearance of the primordial hooks and eyespots, followed by the cili-
ated wreath and finally the operculum for the eclosion of the oncomir-
acidium (Repullés-Albelda et al., 2012). This process is consistent with
the results of the present study where the primordia of scattered pigment
of eyespots and the hamulus became visible before the aligned ciliated
cells appeared, and vigorous larval movement began. Unhatched,
infertile eggs of T. vistulensis turned dark brown, in agreement with
D. cycloancistrium described by Maciel et al. (2017), but in contrast to
H. ecuadori (Grano-Maldonado et al., 2011), where the eggs became
transparent or colorless. The eggs of T. vistulensis hatched spontaneously
in the same but filtered water that was used for maintaining of the fish
and the process included intense larval movements exerting a direct
pressure on the operculum. Once the operculum opened, eclosion
occurred with the help of stretching and retraction of the body, and
propulsion by the cilia. The ciliary wreath covered the anterior, lateral,
and haptoral zones of the oncomiracidia, as in other

International Journal for Parasitology: Parasites and Wildlife 22 (2023) 113-120

monopisthocotyleans as described by Whittington et al. (2000). In some
cases, the larva hatched immediately after manipulation of the egg.
Some studies suggested hatching to be hampered by environmental
factors like clarity, darkness, shade or the presence of the host (Tinsley
and Owen, 1975; Whittington and Kearn, 1988; Gannicott and Tinsley,
1997). Direct predation on eggs by invertebrates in the biofilm micro-
biota or even anaerobic zones in fish tank filters were suggested to
inhibit the Pseudodactylogyrus egg development (Buchmann, 1988a).
The hatching dynamics of T. vistulensis eggs determinated in the
present study agrees with the previously published result of Molnar
(1968) and showed great similarity with several other freshwater and
marine water monopisthocotyleans species (Table 1). In contrast, the
reproductive period of polyopisthocotyleans lasts longer on average
(Gannicott and Tinsley, 1998a, 1998b). However, environmental fac-
tors, especially temperature, could significantly influence the duration
of life-cycle and the reproductive pattern of parasites (Tinsley, 2004;
Whittington and Chisholm, 2008). Kearn (1986) emphasized that the
duration of development of most monogenean eggs is shortened at
higher temperatures. Temperature has also been shown to influence
hatching success, and there is probably an optimal hatching temperature
for each parasite species (Ogawa, 1988; Gannicott and Tinsley, 1998a;
Tubbs et al., 2005). Therefore, further systematic in vitro studies on the

Table 1
Aquaculture disease-causing monogeneans and their reproductive strategies.
Subclasses/Species Host Macro Micro Habitat Hatching time Oncomiracidia Reach sexual Reference
Habitat longevity maturation
dpo °C dph °C dpi °C
Monopisthocotyleans
Thaparocleidus European catfish (Silurus Freshwater Gills 3-5 23 + 5 23 + 8 23 + Present study
vistulensis glanis) 1 1 1
T.vistulensis European catfish (Silurus Freshwater Gills 2.5-3 20-25 1-1.5 20-21 14 20-23 Molnar (1968)
glanis) 6-6.5 15-17
Pseudodactylogyrus European eel (Anguilla) Fresh and Gills 3-6 2025 5-6h 19-26 - - Chan and Wu (1984)
bini Brackish Buchmann (1988b)
water
P. anguillae European eel (Anguilla) Fresh and Gills 2-4.5 20-25 3-5h 20-25 79 25-28  Golovin and
Brackish Shukhgalter (1979)
water Buchmann (1990)
Diplectanum aequans Sea bass (Dicentrarchus Marine water Gills 3-6 20-25 - - - - Cecchini (1994)
labrax)
Benedenia seriolae Japanese Yellowtail Marine water Skin, fins 5 23 1 - 14 22 Kearn et al. (1992b)
(Seriola quinqueradiata)
Neobenedenia girellae ~ Japanese flounder Marine water Young: Body, 5-6 25 - - 10-11 25 Bondad-Reantaso et al.
(Paralichthys olivaceus) skin, fins. (1995)
Adult: Skin,
mouth, eye
regions
Neobenedenia sp. Barramundi (Lates Marine water Skin - - 37h 25 - - Militz et al. (2014)
calcarifer)
Dactylogyrus extensus ~ Common carp (Cyprinus Freshwater Gills 3 22-25 1-2 25 6-7 24-25  Prost (1963)
carpio) Turgut (2012)
D. aristichthys Bighead carp Freshwater Gills fillaments 2 30 2-11h 17-23  11-13  17-23  Musselius (1968)
(Hypophthalmichthys
nobilis)
D. vastator Common carp Goldfish Freshwater Gills 2-3 24-28 <1 24-28 10 24-28 Bauer et al. (1973)
Dawestrema Piracucu (Arapaima Freshwater Gills, skin 3-4 28-32 50-58 24-27 - - Maciel et al. (2017)
cycloancistrium gigas) h
Polyopisthocotyleans
Heteraxine Japanese Yellowtail Marine water Gills 5 23 - - - - Kearn et al. (1992a)
heterocerca (Seriola quinqueradiata)
Discocotyle sagittata Rainbow trout Freshwater Gills, mainly 20 18 26 h 22 - - Gannicott and Tinsley
(Oncorhynchus mykiss) secondary gill (1998a), (1998b)
lamellae
Heterobothrium Tiger puffer (Takifugu Marine and Branchial 5.3-11.8 15-25 4-9 15-25 - - Ogawa (1998)
okamotoi rubripes) Brackish cavity wall, gill
water fillaments
H. ecuadori Bullseye pufferfish Marine water Gills 7-10 23 + 4-7 21 + - - Grano-Maldonado
(Sphoeroides annulatus) 1 1 et al. (2011), (2015)

Dpo, days post-oviposition; dph, days post-hatching; dpi, days post-infection.
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correlation of fecundity of T. vistulensis eggs with temperature of should
be performed to understand its importance in the life-cycle.

The successful hatching of larvae and finding a suitable host are
crucial factors for infection and the continuity of the life cycle (Kearn,
1973; Grano-Maldonado et al., 2011). The average survival ability for
oncomiracidia of T. vistulensis without host was 5 dpo at 23 + 1 °C,
which predicted a relatively long period of infection. This poses a sig-
nificant risk and should be considered when forecasting the parasite
population increase in the fish farm. In systems with water contact be-
tween different fish sizes (ages) it is crucial for spreading and sustaining
the parasite population because the incubation period of European
catfish eggs at a similar temperature (21-23 °C) averages only 2.5-3
days (Molnar, 1968). The survival rate of the oncomiracidia in this study
was higher than in most other monogeneans with the exception of the
species Heterobothrium okamotoi and H. ecuadori (Table 1).

Once the oncomiracidia successfully attached to a host, they lost
their ciliated cells, developed to the post-larval stage and eventually
matured to the adult stage. In the present study, both developing juve-
nile and adult T. vistulensis showed a similar pattern of in vitro survival
rate. The survivability of developing monogeneans also can have a sig-
nificant impact on the host, especially in high stocking density farmed
fish such as European catfish. According to our observation, both the
developing juvenile and adult T. vistulensis could crawl by a vermiform
movement on at the bottom of the vessel. This leech-like movement
enables immature monogeneans clinging to the body surface to reach
the preferred site for permanent settlement (Reed et al., 2012). It means
that the parasites can actively crawl longer distances to reach the gills of
the host. This peculiarity also provides them with the opportunity to find
a new host in the rearing system where fish are in close contact, such as
the European catfish, which is known for its sedentary behavior (Copp
etal., 2009; Brevé et al., 2014; Slavik et al., 2014) with high site fidelity
(Carol et al., 2007) and usually stay at the bottom of the pond/tank.
Documented data on the effective transmission of live adult mono-
geneans between hosts can also be found in the literature (Hutson et al.,
2018). The survival rate of mature T. vistulensis is as important as that of
developing monogeneans, since detached parasites also produce eggs.
Since the ability of monogenean parasites to anchor firmly to the host
gills is usually quite strong, due to their well-developed haptors con-
sisting of central hooks and marginal hooklets, the displacement is
relatively rare (Khang et al., 2016). Under specific circumstances,
however, they can become detached by external disturbances such as
strong water currents or violent movements by the host fish (Kearn,
2014). It can here be added that the high T. vistulensis infection levels
observed in catfish in this study was associated with severe inflamma-
tion. Therefore we suggest that extensive immune reaction in host gills
can induce detachment of the parasites, which could survive in the fish
tank for a short time and deliver parasite eggs. To date, several in vitro
studies have been conducted on the fecundity of mature monogeneans
(Tubbs et al., 2005; Turgut, 2012; Hirazawa et al., 2010; Mooney et al.,
2008; Maciel and Alves, 2020) showing that the adult parasites could
survive for some time and produce eggs even after they have been
removed from the gills. Nevertheless, in vitro studies for assessing adult
parasite fecundity are debated, as starvation of monogeneans separated
from their host leads to a progressive decline in egg production rate and
quality (Whittington, 1997; Mooney et al., 2008). Therefore, in order to
complete the data set for epidemiological models in a fish farm system, it
is necessary to perform egg deposition rate studies with adult parasites
on the host fish as previously shown for Pseudodactylogyrus on eel gills
(Buchmann 1988b, 1990).

In conclusion, knowledge of the reproductive strategies of the
monogenean species T. vistulensis is important, especially for the
development of specific prophylactic and therapeutic methods in
intensive aquaculture. Forecasting parasite population increases and
development of epidemiological models are needed in modern fish
farming and studies on basic life cycle parameters as presented in this
study are basic elements of this process. The knowledge gained in the
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present study can therefore provide a valuable basis for the control of
T. vistulensis in cultured European catfish stocks in fish farms.

Declaration of interests

None.

Funding

This project was funded by the European Union’s Horizon 2020
research and innovation program under Marie Sklodowska-Curie grant
agreement No. 956481.

Conflict of interest and authorship conformation form

All authors have participated in (a) conception and design, or anal-
ysis and interpretation of the data; (b) drafting the article or revising it
critically for important intellectual content; and (c) approval of the final
version.

This manuscript has not been submitted to, nor is under review at,
another journal or other publishing venue.

The authors have no affiliation with any organization with a direct or
indirect financial interest in the subject matter discussed in the
manuscript.

The following authors have affiliations with organizations with
direct or indirect financial interest in the subject matter discussed in the
manuscript.

Acknowledgments

The authors acknowledge the Institute for Veterinary Medical
Research, Budapest, Hungary, for the facilities provided for the study.
The authors thank Mr. Gergely Lajos Zoldi for maintaining fish in the
laboratory.

References

Akhmerov, A.K., 1964. Evolution of the middle attachment apparatus in the monogenean
suborder Dactylogyrinea. Trudy Gel’mintologicheskoi Laboratorii. Akademiya Nauk
SSSR 14, 69-79 (In Russian).

Bauer, O.N., Musselius, V.A., Strelkov, Y.A., 1973. Diseases of Pond Fishes. John Wiley
Ltd.

Bogndr, A., Borkhanuddin, M.H., Nagase, S., Sellyei, B.. (under review). Biopsy-based
Normalisation of Gill Fluke-Infected European Catfish (Silurus Glanis L. 1758) Stocks
for Laboratory-Based Experiments. PeerJ.

Bondad-Reantaso, M., Ogawa, K., Fukudome, M., Wakabayashi, H., 1995. Reproduction
and growth of Neobenedenia girellae (Monogenea: capsalidae), a skin parasite of
cultured marine fishes of Japan. Fish Pathol. 30 (3), 227-231.

Brevé, N.W.P., Verspui, R., de Laak, G.A.J., Bendall, B., Breukelaar, A.W., Spierts, I.L.Y.,
2014. Explicit site fidelity of European catfish (Silurus glanis, L., 1758) to man-made
habitat in the River Meuse, Netherlands. J. Appl. Ichthyol. 30 (3), 472-478.

Buchmann, K., 1988a. Epidemiology of pseudodactylogyrosis in an intensive eel-culture
system. Dis. Aquat. Org. 5, 81-85.

Buchmann, K., 1988b. Temperature-dependent reproduction and survival of
Pseudodactylogyrus bini (Monogenea) on the European eel (Anguilla anguilla).
Parasitol. Res. 75, 162-164.

Buchmann, K., 1990. Influence of temperature on reproduction and survival of
Pseudodactylogyrus anguillae (Monogenea) from the European eel. Folia Parasitol. 37
(1), 59-62.

Buchmann, K., Bresciani, J., 2006. Monogenea (phylum Platyhelminthes). In: Fish
Diseases and Disorders. Protozoan and Metazoan Infections, 1. Cabi, Wallingford UK,
pp. 297-344.

Bychowsky, B.E., Nagibina, L.F., 1957. Monogenetic Trematodes of Silurus Glanis.
Parasitol. Sb, vol. 17. Zoological Institute of the Russian Academy of Sciences,
pp. 235-250.

Carol, J., Zamora, L., Garcifa-Berthou, E., 2007. Preliminary telemetry data on the
movement patterns and habitat use of European catfish (Silurus glanis) in a reservoir
of the River Ebro, Spain. Ecol. Freshw. Fish 16 (3), 450-456.

Cecchini, S., 1994. Influence of temperature on the hatching of eggs of Diplectanum
aequans, a parasite of sea bass. Aquacult. Int. 2, 249-253.

Chan, B.Z., Wu, B.W., 1984. Studies on the pathogenicity, biology and treatment of
Pseudodactylogyrus for eels in fishfarms. Acta Zool. Sin. 30 (2), 173-180.

Copp, G.H., Robert Britton, J., Cucherousset, J., Garcia-Berthou, E., Kirk, R., Peeler, E.,
Stakénas, S., 2009. Voracious invader or benign feline? A review of the


http://refhub.elsevier.com/S2213-2244(23)00077-9/sref1
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref1
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref1
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref2
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref2
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref4
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref4
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref4
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref5
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref5
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref5
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref6
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref6
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref7
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref7
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref7
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref8
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref8
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref8
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref9
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref9
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref9
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref10
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref10
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref10
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref11
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref11
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref11
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref12
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref12
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref13
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref13
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref14
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref14

W.M.H. Wan Sajiri et al.

environmental biology of European catfish Silurus glanis in its native and introduced
ranges. Fish Fish. 10 (3), 252-282.

Gannicott, A.M., Tinsley, R.C., 1997. Egg hatching in the monogenean gill parasite
Discocotyle sagittata from the rainbow trout (Oncorhynchus mykiss). Parasitology 114
(6), 569-579.

Gannicott, A.M., Tinsley, R.C., 1998a. Environmental effects on transmission of
Discocotyle sagittata (Monogenea): egg production and development. Parasitology
117 (5), 499-504.

Gannicott, A.M., Tinsley, R.C., 1998b. Larval survival characteristics and behaviour of
the gill monogenean Discocotyle sagittata. Parasitology 117 (5), 491-498.

Golovin, P.P., Shukhgalter, O.A., 1979. The biology of the monogenean parasites of eels
from the genus Pseudodactylogyrus. Sb. Nauchn. Tr., Vses. Nauchno-Issled. Inst.
Prudnogo Rybn. Khoz. (Bolezni rybi bor’ba s nimi) 23, 107-116.

Grano-Maldonado, M., Roque, A., Aguirre, H., Fajer-Avila, E., 2011. Egg morphology,
larval development and description of the oncomiracidium of Heterobothrium
ecuadori (Monogenea: diclidophoridae) parasitising the bullseye pufferfish,
Sphoeroides annulatus. Helminthologia 48 (1), 51-55.

Grano-Maldonado, M.I., Aguirre-Villasenor, H., Betancourt-Lozano, M., Fajer-Avila, E.J.,
2015. In vitro effect of low salinity on egg hatching and larval survival of
Heterobothrium ecuadori (Monogenea) infecting bullseye puffer fish Sphoeroides
annulatus. Aquacult. Res. 46 (6), 1522-1526.

Gussev, A.V., 1983. Methods for Collecting and Processing Fish Parasitic Monogenean
Material, first ed. Akad. Nauk. USSR Leningrad, p. 48 (In Russian).

Gussev, A.V., 1985. Monogenea. In: Bauer, O.N. (Ed.), Key to the Parasites of the
Freshwater Fish Fauna of the USSR, vol. 2. Nauka, Leningrad, pp. 1-268 (In
Russian).

Hirazawa, N., Takano, R., Hagiwara, H., Noguchi, M., Narita, M., 2010. The influence of
different water temperatures on Neobenedenia girellae (Monogenea) infection,
parasite growth, egg production and emerging second generation on amberjack
Seriola dumerili (Carangidae) and the histopathological effect of this parasite on fish
skin. Aquaculture 299 (1-4), 2-7.

Hoai, T.D., 2020. Reproductive strategies of parasitic flatworms (Platyhelminthes,
Monogenea): the impact on parasite management in aquaculture. Aquacult. Int. 28
(1), 421-447.

Hutson, K.S., Brazenor, A.K., Vaughan, D.B., Trujillo-Gonzalez, A., 2018. Monogenean
parasite cultures: current techniques and recent advances. Adv. Parasitol. 99, 61-91.

Jaafar, R., @degard, J., Mathiessen, H., Karami, A.M., Marana, M.H., Jgrgensen, L.V.G.,
Zuo, S., Nielsen, T., Kania, P.W., Buchmann, K., 2020. Quantitative trait loci (QTL)
associated with resistance of rainbow trout Oncorhynchus mykiss against the parasitic
ciliate Ichthyophthirius multifiliis. J. Fish. Dis. 43 (12), 1591-1602.

Jain, S.L., 1952. Monogenea of Indian freshwater fishes. II. Thaparocleidus wallagonius ng,
n. sp., (sub-family: tetraonchinae) from the gills of Wallagonia attu (Bloch), from
Lucknow. Indian J. Helminthol. 4 (2), 43-48.

Javahery, S., Nekoubin, H., Moradlu, A.H., 2012. Effect of anaesthesia with clove oil in
fish. Fish Physiol. Biochem. 38, 1545-1552 (review).

Kearn, G.C., 1973. An endogenous circadian hatching rhythm in the monogenean skin
parasite Entobdella soleae, and its relationship to the activity rhythm of the host
(Solea solea). Parasitology 66 (1), 101-122.

Kearn, G.C., 1986. The eggs of monogeneans. Adv. Parasitol. 25, 175-273.

Kearn, G.C., 2014. Some Aspects of the Biology of Monogenean (Platyhelminth) Parasites
of Marine and Freshwater Fishes.

Kearn, G.C., Ogawa, K., Maeno, Y., 1992a. The oncomiracidium of Heteraxine heterocerca,
a monogenean gill parasite of the yellowtail Seriola quinqueradiata. Publ. Seto Mar.
Biol. Lab. 35 (6), 347-350.

Kearn, G.C., Ogawa, K., Maeno, Y., 1992b. Egg production, the oncomiracidium and
larval development of Benedenia seriolae, a skin parasite of the yellowtail, Seriola
quinqueradiata. in Japan. Publ. Seto Mar. Biol. Lab. 35 (6), 351-362.

Khang, T.F., Soo, O.Y.M., Tan, W.B., Lim, L.H.S., 2016. Monogenean anchor
morphometry: systematic value, phylogenetic signal, and evolution. PeerJ 4, e1668.

Lim, L.H.S., Timofeeva, T.A., Gibson, D.I., 2001. Dactylogyridean monogeneans of the
siluriform fishes of the Old World. Syst. Parasitol. 50, 159-197.

Maciel, P.O., Alves, R.R., 2020. Methods for quantifying eggs and oviposition rate of
Dawestrema cycloancistrium (Monogenea: dactylogyridae), monogenean parasite of
Arapaima gigas (Teleostei: osteoglossidae). J. Helminthol. 94, e4.

Maciel, P.O., Muniz, C.R., Alves, R.R., 2017. Eggs hatching and oncomiracidia lifespan of
Dawestrema cycloancistrium, a monogenean parasitic on Arapaima gigas. Vet.
Parasitol. 247, 57-63.

120

International Journal for Parasitology: Parasites and Wildlife 22 (2023) 113-120

Militz, T.A., Southgate, P.C., Carton, A.G., Hutson, K.S., 2014. Efficacy of garlic (Allium
sativum) extract applied as a therapeutic immersion treatment for Neobenedenia sp.
management in aquaculture. J. Fish. Dis. 37 (5), 451-461.

Molnar, K., 1968. Worm disease (Ancylodiscoidosis) in catfish (Silurus glanis). Z. Fisheries
NF Bd. 16, 31-41 (In German).

Molnar, K., 1980. A histological study on Ancylodiscoidosis in the sheatfish (Silurus
glanis). Helmintologia 17, 117-126.

Molnadr, K., Székely, C., Lang, M., 2019. Field guide to the control of warmwater fish
diseases in central and eastern Europe, the caucasus and central asia. In: FAO
Fisheries and Aquaculture Circular No.1182. FAO, Ankara, p. 124.

Mooney, A.J., Ernst, I., Whittington, 1.D., 2008. Egg-laying patterns and in vivo egg
production in the monogenean parasites Heteraxine heterocerca and Benedenia seriolae
from Japanese yellowtail Seriola quinqueradiata. Parasitology 135 (11), 1295-1302.

Musselius, V.A., 1968. Biology of Dactylogyrus aristichthys (monogenoidea,
dactylogyridae). Parazitologiya 2 (3), 227-231.

Ogawa, K., 1988. Development of Bivagina tai (Monogenea: microcotylidae) [parasite of
red sea bream Pagrus major]. Bull. Jpn. Soc. Sci. Fish. 54 (1), 61-64.

Ogawa, K., 1998. Egg hatching of the monogenean Heterobothrium okamotoi, a gill
parasite of cultured tiger puffer (Takifugu rubripes), with a description of its
oncomiracidium. Fish Pathol. 33, 25-30.

Pandey, K.C., Agrawal, N., Vishwakarma, P., Sharma, J., 2003. Redescription of some
Indian species of Thaparocleidus Jain, 1952 (Monogenea), with aspects of the
developmental biology and mode of attachment of T. pusillus (Gusev, 1976). Syst.
Parasitol. 54, 207-221.

Prost, M., 1963. Investigations on the development and pathogenicity of Dactylogynts
anchoratus (Duj., 1845) and D. extensus Mueller et v. Cleave, 1932 for breeding carps.
Acta Parasitol. Pol. 11 (1/4), 17-47.

Reed, P., Francis-Floyd, R., Klinger, R., Petty, D., 2012. Monogenean Parasites of Fish,
vol. 8. Publication Series of Fisheries and Aquatic Sciences Department, Institute of
Food and Agricultural Sciences, University of Florida, EDIS, pp. 1-10. FA28/FA033,
rev. 6/2012.

Repullés-Albelda, A., Holzer, A.S., Raga, J.A., Montero, F.E., 2012. Oncomiracidial
development, survival and swimming behaviour of the monogenean Sparicotyle
chrysophrii (Van Beneden and Hesse, 1863). Aquaculture 338, 47-55.

Siwak, J., 1932. Ancyrocephalus vistulensis sp. n., un nouveau trématode, parasite du
silure (Silurus glanis L.). Bulletin de I’Academy Polonica, Sciences et Lettres. Sciences
Naturelle, Series B 11, 669-679.

Slavik, O., Horky, P., Zavorka, L., 2014. Energy costs of catfish space use as determined
by biotelemetry. PLoS One 9 (6), €98997.

Thoney, D.A., Hargis Jr., W.J., 1991. Monogenea (Platyhelminthes) as hazards for fish in
confinement. Annu. Rev. Fish Dis. 1, 133-153.

Tinsley, R.C., 2004. Platyhelminth parasite reproduction: some general principles
derived from monogeneans. Can. J. Zool. 82 (2), 270-291.

Tinsley, R.C., Owen, R.W., 1975. Studies on the biology of Protopolystoma xenopodis
(Monogenoidea): the oncomiracidium and life-cycle. Parasitology 71 (3), 445-463.

Tubbs, L.A., Poortenaar, C.W., Sewell, M.A., Diggles, B.K., 2005. Effects of temperature
on fecundity in vitro, egg hatching and reproductive development of Benedenia
seriolae and Zeuxapta seriolae (Monogenea) parasitic on yellowtail kingfish Seriola
lalandi. Int. J. Parasitol. 35 (3), 315-327.

Turgut, E., 2012. Influence of temperature and parasite intensity of egg production and
hatching of the monogenean Dactylogyrus extensus. Isr. J. Aquac. 729, 1-5.

Verma, C., Chaudhary, A., Singh, H.S., 2017. Redescription and phylogenetic analyses of
Thaparocleidus gomtius and T. sudhakari (monogenea: dactylogyridae) from Wallago
attu (siluriformes: siluridae) in India. Helminthologia 54 (1), 87-96.

Whittington, 1.D., 1997. Reproduction and host-location among the parasitic
Platyhelminthes. Int. J. Parasitol. 27 (6), 705-714.

Whittington, 1.D., Chisholm, L.A., 2008. Diseases caused by monogeneans. In: Eiras, J.,
Segner, H., Whali, T., Kapoor, B.G. (Eds.), Fish Diseases, vol. 2. Science Publishers,
Inc., New Hampshire, USA, pp. 683-810.

Whittington, 1.D., Kearn, G.C., 1988. Rapid hatching of mechanically-disturbed eggs of
the monogenean gill parasite Diclidophora luscae, with observations on
sedimentation of egg bundles. Int. J. Parasitol. 18 (6), 847-852.

Whittington, 1.D., Chisholm, L.A., Rohde, K., 2000. The larvae of monogenea
(Platyhelminthes). Adv. Parasitol. 44, 139-232.

Yamaguti, S., 1937. Studies on the Helminth Fauna of Japan. Part 19. Fourteen New
Ectoparasitic Trematodes of Fishes. Kyoto: S. Yamaguti, p. 28.

Zandt, F., 1924. Fischparasiten des bodensees (doctoral dissertation, fischer). Z. Bakteriol.
Parasitenkd. Infekt. 92, 225-271.


http://refhub.elsevier.com/S2213-2244(23)00077-9/sref14
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref14
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref15
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref15
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref15
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref16
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref16
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref16
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref17
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref17
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref19
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref19
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref19
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref20
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref20
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref20
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref20
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref21
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref21
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref21
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref21
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref22
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref22
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref23
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref23
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref23
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref24
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref24
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref24
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref24
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref24
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref25
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref25
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref25
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref26
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref26
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref27
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref27
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref27
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref27
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref28
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref28
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref28
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref29
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref29
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref30
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref30
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref30
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref31
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref32
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref32
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref33
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref33
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref33
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref34
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref34
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref34
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref35
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref35
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref36
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref36
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref37
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref37
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref37
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref38
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref38
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref38
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref39
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref39
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref39
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref40
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref40
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref41
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref41
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref42
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref42
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref42
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref43
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref43
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref43
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref44
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref44
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref45
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref45
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref46
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref46
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref46
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref47
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref47
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref47
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref47
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref48
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref48
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref48
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref49
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref49
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref49
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref49
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref50
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref50
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref50
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref51
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref51
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref51
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref52
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref52
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref53
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref53
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref54
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref54
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref55
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref55
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref56
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref56
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref56
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref56
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref57
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref57
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref58
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref58
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref58
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref59
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref59
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref60
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref60
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref60
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref61
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref61
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref61
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref62
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref62
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref63
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref63
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref64
http://refhub.elsevier.com/S2213-2244(23)00077-9/sref64

	Reproductive strategies of the parasitic flatworm Thaparocleidus vistulensis (Siwak, 1932) (platyhelminthes, monogenea) inf ...
	1 Introduction
	2 Materials and methods
	2.1 Source of fish and parasites
	2.2 Infection dynamics
	2.3 Parasite egg development
	2.4 In vitro hatching rates
	2.5 In vitro survival rates

	3 Results
	3.1 Infection dynamics
	3.2 Egg development
	3.3 In vitro hatching rates
	3.4 In vitro survival rates

	4 Discussion
	Declaration of interests
	Funding
	Conflict of interest and authorship conformation form
	Acknowledgments
	References


