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Background. The paper considers the importance of various species of molluscs
as second intermediate hosts in the circulation of polyhostal species of trematodes in
the Ukrainian Polissya. It was found that the metacercariae of trematodes are concen-
trated mainly in the most abundant individuals both in a particular water body and in
the region as a whole. The specificity of trematodes for a particular intermediate host is
determined by the influence of a number of environmental factors. Due to a significant
decline in populations of many mollusc species as a result of anthropogenic alteration
of the environment, there is a need to determine the species composition of trematode
metacercariae in freshwater molluscs in the region, with emphasis on their importance
in maintaining local and regional populations of these helminths.

Materials and Methods. The study of trematode metacercariae in gastropods from
water bodies of the region was carried out in 2002—2012 and 2022. The molluscs were
collected manually or with a net, using conventional methods in malacology. During the
study period, more than 50,000 specimens of molluscs from 5 families were examined:
Lymnaeidae, Bulinidae, Planorbidae, Bithyniidae and Viviparidae. The morphology of
metacercariae was studied on live specimens using vital stains. The extent of invasion
was determined during the helminthological dissection of the molluscs. Statistical analy-
sis of the data was performed using Statastica 8.0. The Yates corrected Chi-square test
with Bonferroni correction was applied.

Results. Nineteen species of trematode metacercariae, including three species
of cercariae, were found in 22 species of molluscs from water bodies in the region. For
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9 trematode species, new mollusc species were found to act as a second intermediate
host. In 8 out of 16 identified trematode species, the same mollusc species play the role
of first and second intermediate host. The findings of the present study indicate that the
majority (56.25 %) of the identified trematodes were found in two or more molluscs of
different families, acting as second intermediate hosts.

Conclusions. Metacercariae, whose host specificity is usually much broader, are
concentrated in the most common mollusc species in the region or even in a particular
water body, which are potential second intermediate hosts of these helminths. In the
distribution of trematodes at the metacercariae stage, the species composition of mol-
lusc communities and the number of their individual species mainly determine the pos-
sibility of a parasite-host encounter.

Keywords: trematode fauna, second intermediate host, molluscs, extensive
infection, metacercariae

INTRODUCTION

Over the course of evolution, life cycles of many trematode species have become
more complex due to the addition of a second intermediate host to the already estab-
lished mollusc-vertebrate cycle. The emergence of a second intermediate host not only
contributed to expanding the possible range of definitive hosts, but also to reducing
the element of chance in the parasite’s developmental cycle. In a significant number
of polyhostal trematode species, the function of the second intermediate host is often
performed by molluscs of different classes, regardless of which hosts serve as the
definitive host. Mollusc hosts, in which cercariae and metacercariae are formed, are an
important link in the spread of trematodes in vertebrate populations, including livestock
and humans (Zbikowska & Nowak, 2009).

In the life cycle of trematodes, after encystation in the external environment or
penetration into the body of the intermediate host, cercariae undergo metamorphosis
or certain stages of morphogenesis and transform into metacercariae (Stadnichenko,
2014). This stage of maritae development is characterised by a broader host specific-
ity than parthenites of the same species, which is due to a rather late formation of the
biological system “metacercaria — second intermediate host” in the process of phylo-
genesis (Stadnichenko, 2014).

To date, the most detailed data on trematode metacercariae from molluscs of Ukraine
are presented in the works of V. I. Zdun (1961), G. I. Vergun (1962), M. |. Chernogorenko
(1983), O. S. Kudlay (2009), A. P. Stadnychenko (2014) and O. P. Zhytova (2023).
However, there is still a lack of information on the species composition of trematode
metacercariae in molluscs of the Ukrainian Polissya, in particular the specificity of meta-
cercariae of different trematode species in relation to different host categories (Zhytova
& Korniushyn, 2017).

The specificity of a parasite to a particular host is a dynamic phenomenon deter-
mined by a number of environmental factors. The specificity of the parasite to the host
also changes under the influence of environmental factors.

Considering the dramatic transformations of the natural environment caused by
global climate warming and various anthropogenic factors, specifically, pollution of most
aquatic ecosystems by radionuclides and other pollutants, leading to structural changes
in aquatic communities (Zhytova & Korol, 2021; Sheluk et al., 2023), it becomes important
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to determine the role of various species of molluscs — second intermediate hosts of
Ukrainian Polissya water bodies in maintaining the circulation of polyhostal species of
trematodes. The study of the role of freshwater molluscs in the biological cycles of trema-
todes is of great interest for understanding the evolutionary pathways of parasites and
patterns of their distribution (Akramova et al., 2024). Therefore, the aim of this study was
to determine the species composition of trematode metacercariae and the role of their
intermediate molluscan hosts in the distribution of these parasites in the water bodies of
Polissya, Ukraine.

MATERIALS AND METHODS

The material for the research was based on gastropod collections of more than
50,000 specimens from 5 families, namely Lymnaeidae (15 species), Bulinidae (3 spe-
cies), Planorbidae (4 species), Bithyniidae (2 species) and Viviparidae (3 species), col-
lected in 2002—-2012 and 2022.

The basis of this work was the collection of trematode metacercariae obtained
by opening the molluscs. Molluscs were collected manually or with a net according to
conventional methods (Stadnychenko, 1990, 2006). Molluscs were identified by con-
chological data, taking into account their anatomical data (Stadnychenko, 1990, 2004).
The material was processed according to the recommendations of V. I. Zdun (1961).
Parasitological studies were carried out according to generally accepted methods (Zdun,
1961; Zhytova, 2023). The morphology of metacercariae was studied on live specimens
using vital stains (Zdun, 1961; Zhytova, 2023). The monograph of V. I. Zdun (Zdun,
1961), M. I. Chernogorenko (Chernogorenko, 1983) and some articles in domestic and
foreign journals describing the life cycle of trematodes were used to determine the spe-
cies of metacercariae. In order to confirm the species identity and to obtain trematode
marites, we performed infection experiments (Zhytova, 2023).

The identification of the species of trematode larvae was carried out in accordance
with the monographs of V. I. Zdun (1961) and M. I. Chornogorenko (1983); materials
from individual articles on the life cycle of trematodes published in Ukrainian and foreign
journals in the period from 1962 to 2024 was also used.

In order to study the infection of molluscs by metacercariae of a certain trematode
species and to analyse the distribution of polyxenous species among molluscan hosts,
we used the index of extensive infection (El), calculated the general occurrence index
(Ol,) and the partial occurrence index (Ol,) using the following formulas.

The statistical evaluation of the mollusc infestation (infection rate) was carried out
as proposed for the characterisation of the level of fish infection: Q% + m% — where Q is
the mean infestation rate, m is the deviation from the mean.

The error to the mean was determined by the following formula:

)
m=—

\/E!
where 6 is the range of variability; n — number of dissections.
The range of variability was determined using the following formula:

5 =+,/Q%(100% — Q%).

Ol :&-100%;@ :&-100%,
Nb * Nb
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Nb, — number of water bodies where molluscs infected with this trematode species were
found; Nb, — number of water bodies where molluscs were collected; Nb, — number of
water bodies where this mollusc species was found.

They represent the proportion (in %) of water bodies in which a certain species of
molluscs was infected with this species of trematodes in the total number of water bodies
surveyed or the number of water bodies in which this species of molluscs was found
(Zhytova & Kornyushyn, 2017).

As an additional criterion for evaluating a particular mollusk species in the distribu-
tion of a particular trematode species in the region, a scoring system was also used,
which was calculated by multiplying the indicators of the extent of invasion and the total
invasion index.

UP =El - Ol,
where UP is the value of a particular mollusc species in the distribution of a particular
trematode species in points (Zhytova & Kornyushyn, 2017).

The infection rates were analyzed using the Statistica 8.0 software. The Yates cor-

rected Chi-square test with Bonferroni correction was applied.

RESULTS AND DISCUSSION

During the study period, metacercariae of 19 trematode species, including three
cercariae species, were found in 22 species of freshwater molluscs of the Ukrainian
Polissya (see Table).

Qualitative composition of trematodes at the metacercariae stage of freshwater
gastropods in the Ukrainian Polissya water bodies

. . : Infestation
Mollusc species Family, species of trematode rate, %.
1 2 &
Family Strigeidae Railliet, 1919
Cotylurus cornutus (Rudolphi, 1808) 2.81+1.39
Tetracotyle sp. 0.71+0.32
Family Echinostomatidae Looss, 1899
Echinoparyphium aconiatum Dietz, 1909 0.98+0.11
Echinoparyphium recurvatum (Linstow, 1873) 1.06+0.16
Lymnaea (Lymnaea) Echinostoma revolutum (Frohlich, 1802) 1.04+0.11
stagnalis (Linné, 1758) Echinoparyphium cinctum (Rudolphi, 1802) 2.0+1.04
*Echinostoma miyagawai Ishii, 1923 4.37+0.48
Hypoderaeum conoideum (Bloch, 1782) 2.81+1.39
Family Plagiorchiidae Lihe, 1901
Plagiorchis laricola Skrjabin, 1924 2.52+1.44
Family Telorchiidae Looss, 1899
Opisthioglyphe ranae (Frohlich, 1791) 1.03+0.19
Family Strigeidae Railliet, 1919
Cotylurus cornutus (Rudolphi, 1808) 0.90+0.27
Lymnaea corvus Family Echino§tomatidae Loos§, 1899
Gmelin. 1791 Ech{noparyph{um aconiatum Dietz, 1909 2.2810.76
’ Echinoparyphium recurvatum (Linstow, 1873) 0.27+0.19
Echinostoma revolutum (Fréhlich, 1802) 1.41+0.70
Hypoderaeum conoideum (Bloch, 1782) 0.44+0.25
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Continued Table

1 2 &
Family Strigeidae Railliett, 1919
Cotylurus cornutus (Rudolphi, 1808) 0.22+0.08
Lymnaea (Stagnicola) Family Echinostomatidae (Frohlich, 1802)
palustris palustris Echinoparyphium aconiatum Dietz, 1909 1.562+0.87
(O. F. Muller, 1774) Echinoparyphium recurvatum (Linstow, 1873) 0,42+0,18
Echinostoma revolutum (Frohlich, 1802) 0.44+0.01
Hypoderaeum conoideum (Bloch, 1782) 0.27+0.09
Lymnaea balthica Family Echinostomatidae Looss, 1899
(Linné, 1758) Echinoparyphium aconiatum Dietz, 1909 7.4015.04
Lymnaea atra atra Family Echinqstomatidge Loos§, 1899
(Schranck 1803) Echinoparyphium aconiatum Dietz, 1909 2.31+0.93
Echinostoma revolutum (Fréhlich, 1802) 0.77+0.54
Lymnaea danubialis Family Echinostomatidae Looss, 1899
(Schranck 1803) *Echinostoma stantchinskii Semenov, 1927 12.50+11.69
Family Echinostomatidae Looss, 1899
Echinoparyphium aconiatum Dietz, 1909 0.751£0.25
Lymnaea ovata *Echinoparyphium recurvatum (Linstow, 1873) 4.20+4.08
(Draparnaud, 1805) Echinostoma revolutum (Fréhlich, 1802) 3.79+£2.15
Echinoparyphium cinctum (Rudolphi, 1802) 3.44+2.39
Hypoderaeum conoideum (Bloch, 1782) 5.0+3.44
e e Family Echinostomatidae Looss, 1899
(Studer, 1820) Echinoparyphium aconiatum Dietz, 1909 4.34+3.01
’ Moliniella anceps (Molin, 1859) 5.0+4.88
Family Echinostomatidae Looss, 1899
Lymnaea tumida Held, 1836 Echinoparyphium aconiatum Dietz, 1909 4.35+0.93
*Echinostoma revolutum (Frohlich, 1802) 3.45+£1.02
Family Strigeidae Railliet, 1919
Lymnaea auricularia Coty_lurus cprnutus (Rudolphi, 1808) 3.57+3.50
(Linné, 1758) Family Echinostomatidae Looss, 1899
’ Echinoparyphium aconiatum Dietz, 1909 1.45+0.72
Echinostoma revolutum (Fréhlich, 1802) 2.16+1.07
Lymnaea lagotis Family Echinostomatidae Looss, 1899
(Schranck, 1803) Echinostoma revolutum (Fréhlich, 1802) 3.61+2.05
Lymnaea patula Family Echinogtomatidge Loos§, 1899
(Da Costa, 1778) Echinoparyphium aconiatum Dietz, 1909 2.70+1.88
’ *Echinostoma revolutum (Fréhlich, 1802) 1.18+0.83
Lymnaea psilia psilia Family Echinostomatidae Looss, 1899
Bourguignat, 1862 *Echinoparyphium aconiatum Dietz, 1909 3.57+2.48
Family Strigeidae Railliet, 1919
Cotylurus cornutus (Rudolphi, 1808) 5.51+0.34
Family Echinostomatidae Looss, 1899
Echinoparyphium aconiatum Dietz, 1909 0.791£0.14
Planorbarius corneus Echinoparyphium recurvatum (Linstow, 1873) 0,98+0.21
(Linné, 1758) *Echinostoma mijagawai Ischii, 1932 0.38+0,27
’ Echinostoma revolutum (Fréhlich, 1802) 1.9+0.39
*Echinostoma robustum Yamaguti, 1935 0.47+0.23
Hypoderaeum conoideum (Bloch, 1782) 0.49+0.14
Family Telorchiidae Looss, 1899
Opisthioglyphe ranae (Frohlich, 1791) 0.87+0.36
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The end of Table
1 2 &
Planorbarius banaticus Family Strigeidae Railliet, 1919
(Lang, 1856) *Cotylurus cornutus (Rudolphi, 1808) 6.67+4.55
Planorbarius purpura Family Strigeidae Railliett, 1919
(O. F. Mdller, 1774) *Cotylurus cornutus (Rudolphi, 1808) 11.11+6.04
Family Echinostomatidae Looss, 1899
Planorbis planorbis Echinostoma revolutum (Fréhlich, 1802) 2.13+0.67
(Linné, 1758) Echinostoma mijagawai Ischii, 1932 0.45+0.15
Hypoderaeum conoideum (Bloch, 1782) 0.67+0.67
Anisus (Anisus) spirorbis Family Echinostomatidae Looss, 1899
(Linné, 1758) Echinoparyphium aconiatum Dietz, 1909 1.38+0.97
Family Cyathocotylidae Muhling, 1898
*Cyathocotyle bithyniae Sudarikov, 1974 0.36+0.26
Family Echinostomatidae Looss, 1899
Echinoparyphium aconiatum Dietz, 1909 0.5040.22
Echinoparyphium recurvatum (Linstow, 1873) 10.52+3.52
Bithynia (Bithynia) Echinostoma chloropodis (Zeder, 1800) 4.37+1.75
tentaculata (Linné, 1758) Hypoderaeum conoideum (Bloch, 1782) 0.20+0.14
Family Lissorchiidae Magath, 1917
Palaeorchis sp. 6.801£2.48

*Parasymphylodora parasquamosa Kulakova, 1972  4.55+2.57
Family Stomylotrematidae Poche, 1926

*L ateotrema arenula (Creplin, 1825) 2.09+1.20
Family Echinostomatidae Looss, 1899
Echinoparyphium aconiatum Dietz, 1909 4.0+0.75
. . Echinoparyphium recurvatum (Linstow, 1873) 8.7+2.4
aeienal Coricchang) Hypoderaeum conoideum (Bloch, 1782) 4.76+2.32

IR Neocanthoparyphium echinatoides (Filippi, 1854)  2.731.91

Family Lissorchiidae Magath, 1917

*Asymphylodora imitans Muhling, 1898 14.80+6.82

Family Echinostomatidae Looss, 1899

Echinoparyphium aconiatum Dietz, 1909 1.21+0.36
Viviparus (Viviparus) Echinoparyphium recurvatum (Linstow, 1873) 0.73+0.42
viviparus (Linnaeus, 1758)  Echinostoma revolutum (Fréhlich, 1802) 1.01+0.41

Hypoderaeum conoideum (Bloch, 1782) 6.29+2.15

Neocanthoparyphium echinatoides (Filippi, 1854) 2.56+0.37

Family Echinostomatidae Looss, 1899
*Echinoparyphium recurvatum (Linstow, 1873) 8.5716.97
*Neocanthoparyphium echinatoides (Filippi, 1854) 0.97+0.96

Contectiana (Contectiana)
listeri (Forbes et Hanley, 1853)

Note: * — Species for which intermediate hosts are listed for the first time

Analyses of the data obtained revealed that the four most common species of trem-
atodes from the family Echinostomatidae, parasites of birds, had the widest range of
molluscs. E. aconiatum was found in 16 species of molluscs belonging to the families
Lymnaeidae, Bulinidae, Planorbidae, Bithyniidae and Viviparidae. Accordingly, trema-
todes of E. revolutum were found in 12 species of molluscs, H. conoideum, E. recurva-
tum — in 10 species, H. conoideum — in 9 species. At the same time, parthenites and
cercariae of these species were found only in two to four species of molluscs.
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For the trematode of E. aconiatum, L. stagnalis ranked first among molluscs —
second intermediate host — the Ol of metacercariae of these trematodes was 49.06 %
(26 out of 53 reservoirs), respectively Ol, (out of 63 reservoirs) — 41.26 % (Fig. 1). The
second most important was P. corneus — the index of occurrence of metacercariae was
26.08 % (12 out of 14 water bodies) and 19.04 % (out of 63 water bodies). L. palustris,
L. corvus, L. ovata, C. contecta, and V. viviparus accounted for a significant proportion,
the index of occurrence of E. aconiatum (out of 63 water bodies) in these hosts was
6.34 % for the first, 4.76 % for the other three and 3.17 % for the last mollusc spe-
cies. In all other mollusc species, including a rather common B. tentaculata (10 water
bodies), metacercariae of these trematodes were found only in one water body. Regarding
A. spirorbis, the occurrence index is 100 % (2 out of 2) and 3.17 (out of 63 water bodies),
El - 0.57 %, UP — 1.81 points.

A. spirorbis
L. auricularia
L. atra
L. patula
L. psilia
L. fontinalis
L. tumida
L. balthica
B. tentaculate
L. ovata ¢
V. viviparus c
L. corvus * b
C. contecta a, b
L. palustris
P. corneus
L. stagnalis

B General occurrence index

M Prevalence, %

Types of mollusks

0 10 20 30 40 50

%
Fig. 1. Infection rates of different mollusc species with the E. aconiatum trematode
Notes: the difference in infection rates is significant (determined using Yates corrected Chi-square with
Bonferroni correction): a — p <0.00313, * p = 0.0034 vs L. stagnalis; b — p <0.00313 vs P. corneus;
c—p <0.00313 vs C. contecta

Accordingly, the distribution index (UP) for L. stagnalis was 40.43 points and for
P. corneus — 20.6 points. Thus, the most abundant species in the water bodies of the
region, L. stagnalis and P. corneus, play the main role in the distribution of E. aconiatum
trematodes.

The E. revolutum trematode was also characterised by a rich list of second inter-
mediate hosts — 12 species from the families Lymnaeidae, Planorbidae and Viviparidae.
However, similar to the previous trematode species, the main role was played by L. stag-
nalis with an occurrence index of 44.23 % (23 out of 53 water bodies) and 36.51 % (out
of 63 water bodies). The rate of invasion was 1.04 %, the UP — 37.97 points (Fig. 2).

In P. corneus and P. planorbis, the incidence rates were somewhat lower, 20.83 %
(7.94 %) and 21.05% (6.35 %), despite a relatively high level of infection of these
molluscs with E. revolutum metacercariae, 1.9 % and 2.13 %, UP — only 15.09 and
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13.53 points. Infection of six other mollusc species (L. auricularia, L. palustris, L. ovata,
L corvus, L. tumida, V. viviparus) was detected in two to three water bodies (total occur-
rence index — 3.17—4.76 %, infection rate — 1.01-3.79 %) and three (L. patula, L. atra,
L. lagotis) — only in one water body, with an 1Tz of 1.59 %, the infestation rate of 1.18—
3.61 % and a relatively high UP of 1.88, 2.15 and 5.74 respectively. The involvement of
these species in the spread of E. revolutum was rather low.

L. patula B General occurrence index
L. lagotis M Prevalence, %

L. auricularia

L. tumida

L. ovata

L. palustris

V. viviparus

Types of mollusks

L. corvus
P. planorbis

P. corneus

L. stagnalis

0 5 10 15 20 25 30 35 40
%
Fig. 2. Infection rates of different mollusc species with the E. revolutum trematode

Notes: the difference in infection rates is significant (determined using Yates corrected Chi-square with
Bonferroni correction): a — p <0.00455 vs L. stagnalis

For the E. revolutum trematode, which was somewhat less common in the region
than the previous species, the common host for the metacercariae of this trematode spe-
cies was L. stagnalis. The infection rates of these molluscs with E. recurvatum were close
to those of the previous trematode species. The index of occurrence of E. recurvatum
metacercariae in L. stagnalis was only 9.52 % and 7.93 % respectively, the infestation
rate was 1.06 %, the UP reached 8.41 points (Fig. 3). L. ovata and P. corneus, whose
infection with E. recurvatum metacercariae was detected in three water bodies, also
played a significant role. Accordingly, the Ol for the first mollusc species was 27.27 %,
for the second - 6.52 %, the Ol index of occurrence to the total number of water bodies
for both species was 4.7 6%, and the UP reached 20 and 4.66 points.

A much lower value of Ol, was found for P. planorbis, B. tentaculate and V. viviparus
(3.17 % for all three), while Ol was almost the same as for the previous species, being
10.52 %, 20% and 11.11 % respectively. Among these hosts, B. tentaculate stood out
with a relatively high infection rate (10.52 %) and a corresponding UP — 33.35 points.
Slightly lower values were recorded for P. planorbis and V. viviparus, EI — 0.29-0.73 %,
with UP of 0.92 and 2.31 points, respectively. For the remaining molluscs (L. corvus,
L. palustris, C. listeri, C. contecta), the occurrence index in relation to the total number
of water bodies was 1.58 %. Among these four molluscs, C. contecta clearly stood out
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with an Ol of 14.28, an El of 8.7 % and a relatively high UP of 13.54 points. The other
three molluscs, L. corvus, L. palustris and C. listeri, had lower levels of infection, with El
of 0.27 %, 0.42 % and 4.76 % respectively, which also determined the level of UP that
reached 0.38, 0.66 and 7.52 points respectively.

B. tentaculate
L. corvus
L. palustris

C. contecta

. . General
C. listeri occurrence index

V. viviparus M Prevalence, %

Types of mollusks

P. planorbis
P. corneus

L. ovata

L. stagnalis ab.c

0 2 4 6 8 10 12

%
Fig. 3. Infection rates of different mollusc species with the E. recurvatum trematode
Notes: the difference in infection rates is significant (determined using Yates corrected Chi-square with
Bonferroni correction): a — p <0.005, * p = 0.0087 vs P. planorbis; b — p <0.005 vs B. tentaculata; c —
p <0.005 vs C. contecta

A comparative analysis shows that among the molluscs — the second intermedi-
ate hosts of E. recurvatum — L. stagnalis plays the leading role in the circulation of this
trematode due to its wide distribution and a slightly higher occurrence of the trematode
metacercariae in this mollusc species in various types of water bodies in the region.
The role of other mollusc species in the circulation of trematodes is somewhat less pro-
nounced despite the relatively high infection rates and occurrence of E. recurvatum in
molluscs because the distribution of individuals in the water bodies studied in the region
is somewhat lower compared to L. stagnalis.

For H. conoideum, nine mollusc species from four families were recorded as second
intermediate hosts (see Table). Among the hosts of metacercariae of the first species,
L. stagnalis occupies a leading position with an occurrence index of 15.38 % (8 out of
52 water bodies) and 12.7 % (out of 63 water bodies), El — 2.81 %, UP — 35.68 points
(Fig. 4). Aimost the same infection rate was detected for P. corneus, whose occurrence
index is 17.39 % and 12.69 % (out of 63 water bodies), El is much lower —0.49 %, UP —
6.21 points. Some other species of lymneids also exhibit high occurrence indices, in
particular L. ovata — 36.36 % (4 out of 11 water bodies) and L. palustris — 33.35% (3 out
of 6 water bodies), but the occurrence index (in relation to the total number of water
bodies) is much lower — 6.34 % and 4.76 %, respectively, UP — 31.70 and 1.29 points.
The role of V. viviparus can be considered as secondary, since the occurrence index
is 16,67% (3 3 18 water bodies) and 4.76 % (out of 63 reservoirs), respectively, UP —
9.37 %.
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Fig. 4. Infection rates of different mollusc species with the H. conoideum trematode
Notes: the difference in infection rates is significant (determined using Yates corrected Chi-square with

Bonferroni correction): a — p <0.0056 vs L. palustris; b — p <0.0056 vs B. tentaculata; ¢ — p <0.0056,
*p =0.0072 vs P. corneus; d — p <0.0056 vs L. corvus

The remaining species, L. corvus, P. planorbis, B. tentaculata and C. contactta
were infected with H. conoideum metacercariae in only one of the water bodies stu-
died (1.58 %), Ol, — 14.28 %, 5.26, 10 and 14.29 % respectively. The highest infection
rates among the mentioned molluscs were registered for C. contactta, 4.76 %, UP —
7.52 points, for B. tentaculata these rates are somewhat lower, 0.22 % and 2.33 points,
respectively. Even lower rates were recorded for L. corvus and P. planorbis, 0.44 % and
0.67 %, and UP — 0.69 and 1.06 points. Therefore, the molluscs L. corvus and P. planor-
bis can be considered as rare second intermediate hosts for the metacercariae of the
H. conoideum trematode in the region.

Three species of molluscs were recorded as the second intermediate hosts of
N. echinatoides trematode in the region (see Table). High incidence rates were recorded
for V. viviparus, Ol is 3.17 %, Ol is 11.11 %, with El — 2.56 %, UP is 8.12 points. In
C. contecta, metacercariae of N. echinatoides were found in two of the studied water
bodies, Ol, —28.57 %, Ol, - 3.17 %, El - 2.73 %, UP — 8.65 points. Molluscs of C. listeri
were rarely found, infected - only in one reservoir, Ol, is minimal, 1.58 %, Ol, - 16.67 %,
infection rate — 0.97 %, and UP — 1.53 points. Thus, the leading role in the circulation of
N. echinatoides belongs to V. viviparus and C. contecta. Considering that C. listeri was
less common in the water bodies of the region, its role in the spread of this trematode
is insignificant.

Metacercariae of O. ranae were found in two species of molluscs. Among them,
the most infected was L. stagnalis, the incidence rates were quite high, 55.77 % and
46.03 %. Accordingly, the high UP — 47.41 points with a relatively low infection, El —
1.03 %. As for P. corneus, it was infected with metacercariae of O. ranae in only two out
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of 46 water bodies where it was detected, Ol —4.34 % and Ol — 3.17 %. The infection
rate was much lower than that of L. stagnalis, 0.87 %, UP — 2.76 points. Therefore, the
role of P. corneus in the circulation of the O. ranae trematode is insignificant.

The E. cinctum, E. mijagavai, E. stantchinskii, E. robustum, E. chloropodis,
M. anceps, P. laricola and C. bithyniae trematodes, whose metacercariae are found in
one to three mollusc species, are extremely rare in the region. It is therefore difficult to
assess the role of a particular host species in their spread.

The data obtained indicate that most of the identified trematodes are characterised
by a wide range of second intermediate hosts, which is due to their low specificity for the
second intermediate host compared to the first, which is confirmed by studies of other
scientists (Wojdak et al., 2013). According to L. Roberts et al. (2009), most digenetic
trematodes infect only one mollusc species as a first intermediate host, but can also
infect other species as a second intermediate host.

Analysis of the data showed that the predominant category of trematodes identified
(56.25 %) was found in two or more molluscs, which serve as secondary intermediate
hosts. According to the existing hypothesis (Wojdak et al. 2013), when trematodes are
present in the body of the first obligatory intermediate host, in order to reduce its morta-
lity, they prefer other species different from the previous one, using them as a second
intermediate host. As evidenced by data from literary sources (Fredensborg et al., 2005;
Zhytova et al., 2021), as the intensity of infection of the first and second intermediate hosts
increases, the survival and physiological state of the hosts may deteriorate, although the
weak pathogenesis allowes to avoid the negative consequences of rapid death of the
intermediate host. It was found that among the second intermediate hosts there are fresh-
water molluscs that also play the role of the first obligate intermediate host of trematodes,
which characterises the emergence of certain feedback loops between the parasite and
the intermediate host. Of the trematodes detected in this study, in 8 species (50 %) the
same mollusc species play the role of the first and the second intermediate host. This
means that potential intermediate hosts may differ in terms of availability, suitability, prob-
ability of transmission of the parasite to the next host or survival, considering that univer-
sality in host choice should be preferred (Sapp & Loker, 2000; Basafiez et al., 2007).

CONCLUSIONS

Unlike the parthenogenetic stages of trematodes (Zhytova & Kornyushyn, 2017),
metacercariae, whose host specificity is usually much broader, are mainly concentrated
in individuals of the most common mollusc species in the region or even in a specific
water body — potential second intermediate hosts of these helminths. The degree of
specificity in this case is caused by a significant advantage of the action of environmen-
tal factors, in particular the species composition of freshwater mollusc communities,
their population density, which is indirectly related to hydrological conditions, and the
nature of the biocenosis. All these factors determine a greater or lesser probability of
meeting individuals of parasites and hosts. The same factors determine the species
composition of intermediate hosts at the regional level, and thus the characteristics of
the region studied in comparison with others.

At the local level, there is always a clear association of polyhostal parasite spe-
cies at all stages of their life cycle with other mollusc host species. In almost all cases,
a certain parasite-host system is formed, in which host specificity and environmental
factors play a key role.
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3HAYEHHA PI3BHMX BMAIB MONIOCKIB - AIPYTUX MPOMDKHUX XA34iB
BOOOWM YKPAIHCBHKOIO Nnonicca Y NIATPUMAHHI LUPKYnALi
NONIrOCTANbHbLIX BUAIB TPEMATO

OneHa XXumoea

lMonicbkuli HayioHanbHUl yHieepcumem, Cmapul 6ynbe., 7, >Kumomup 10002, YkpaiHa

OGr'pyHTYBaHHA. PO3rnsHyTO 3Ha4YEeHHS Pi3HMX BUAIB MOMIOCKIB SIK OPYTMX NPOMiXK-
HUX Xa3siB y LUMPKYnsAUil noniroctansHUX BUAIB Tpematoq Ha Teputopii YKpaiHCbKOro
Monicca. BcTaHoBneHo, WO MeTauepkapii TpemMaTod 30CepemXytoTbCa MNepeBaKHO
B 0COBUHax, KOTPpi € HanbinbLl NOLWMPEHUMUN SK Y KOHKPETHI BOOOWMI, TaK i y peri-
OHi 3aranom. CneumdiyHiCTe TpemaToad 4O MEBHOr0 MPOMIKHOIO XassiiHa 3anexuTb
BiJ BNINBY HW3KN €KOMOFYHNX YMHHMKIB. Y 3B’A3KY 3i 3HaYHMM CKOPOYEHHAM Nonyns-
uin GaratbOX BUAIB MOMIOCKIB YHACNIAOK aHTPOMOreHHoi TpaHcdopmalii NpupogHoro
cepefoBuLLIa NOCTae HEOOXIAHICTb BU3Ha4YaTy BUOOBMWI CKag MeTauepKkapivi TpemaTos
y NPICHOBOAHUX MOJKOCKIB PEriOHY 3 aKLEeHTOM Ha iXHE 3Ha4YeHHS y NiATPUMLI noKanb-
HWX i perioHanbHMX NOMYNALUIN LUX renbMiHTIB.

Marepianu i metoau. [JocnigXeHHs MeTauepkapin TpemaTop Yy YepeBOHOrnx
MOJSIOCKIB 3 BOOOWM perioHy BUKOHyBanu npotsarom 2002—2012 pp. Ta 2022 p. Montocku
306upanu Bpy4YHy abo 3a JOMOMOroK cavka, 3aCTOCOBYHUM 3aranbHOMNPUAHATI B Mana-
konorii metoan. 3a nepiog AocnigkeHHs obcTexeHo noHag 50 Tuc. eksemnnsipiB
mMontockiB i3 5 poguH: Lymnaeidae, Bulinidae, Planorbidae, Bithyniidae ta Viviparidae.
Mopcdpornorito MeTalepkapii BUBYanm Ha XXUBUX eK3eMnnsapax 3 BUKOPUCTaAHHSM BiTanb-
HUX 6apBHUKIB. BM3HAYEHHA €KCTEHCUBHOCTI iHBa3ii 34iMCHIOBaNN nig Yac refibMiHTo-
NOTiYHOro PO3TUHY MoftockKiB. CTAaTUCTUYHMUIA aHani3 AaHWX NPOBOAMAM 3a AOMOMOIOH
nporpam Statistica 8.0 Ta Excel.

PesynsTaTtun. Y 22 BUAiB MONIOCKIB BOAOWM perioHy BusasneHo 19 sugis metauep-
Kapin Tpemarog, 3 H1x 3 Buaum — uepkapieymis. [ins 9 Bugis Tpemartoq 3HangeHo HoBi
BVAM MOSIOCKIB, SKi BUKOHYIOTb POSib APYroro NpoOMIXKHOTMO XassiiHa. Y 8 BugiB Tpemaros
i3 16 BUABNEHMX POrib NEPLUOro Ta APYroro NPOMiKHMX Xa3siiB BUKOHYOTb Ti X cami BUau
MOJKOCKIB. 3a pesynsratamu AOCNiAXeHb BCTAHOBIEHO, WO Ginbuwictb (56,25%) BusB-
NeHnX HaMy TpeMaTof HasiBHi y ABOX i BinbLUe MOMKCKIB Pi3HUX POAWH, SIKi BUCTYNatoTb
AK APYTUN NPOMIXKHUIA Xa3siH.

BucHoBku. MeTauepkapii, roctanbHa cneumdiyHiCTb SKMX 3a3Buyan Habarato
LmMpLUa, 30CepemXyTbCs B HAaNbInbLL NOWMPEHMX Y PEriOHi YM HaBiTb Yy KOHKPETHIN
BOAOVMI BMAAX MOSOCKIB — MOTEHUIMHUX OPYrMX NMPOMIXKHUX Xa3asax LUUX rerfibMiHTIB.
Y noLwmpeHHi Tpemartog Ha cTagii MeTauepkapiss BUAoBWI ckrag nocerneHb MOSOCKIB,
UYMCENBHICTb IXHIX OKPEMUX BMAIB 3yMOBIIOKOTh, FOSTOBHO, MMOBIPHICTb KOHTAKTy napa-
3uTa 3 XassiHOM.

Knrovoei crioga: TpematogodpayHa, ApPYrun  MPOMDKHWA — Xas3siiH,  MOJHOCKY,
E€KCTEHCMBHICTb ypaXKeHHs, MeTauepkapil
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