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Abstract—Rana arvalis Nilss., 1842 parasitocenoses in the gradients of natural and urban Ural landscapes
have been analyzed. Twelve helminth species (Platyhelminthes and Nematoda phyla) have been found. It is
demonstrated that the differences in the ratio between parasites belonging to different taxa are caused by the
differences in the biology of parasite groups and microbiotopic characteristics of the host’s habitat. The trans-
formation of parasitocenoses in the R. arvalis populations of the Middle Ural urbocenosis is associated with
a decrease in the parasites species diversity and an increase in the proportion of trematodes. At the end of
metamorphosis, the species range of macroparasites with different localization expands and rare helminths
species appear, which is associated with the amphibians expanding their food spectrum. Thus, the changes in
the species diversity and the structure of parasitic communities of the moor frog are largely associated with
thermal and moisture supply and their ratio in certain biocenoses.
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INTRODUCTION

The moor frog Rana arvalis Nilsson, 1842 is a tail-
less amphibian species with broad area and high eco-
logical plasticity (Kuz’min, 1999). The parasite fauna
of this species within Russian borders was described
for Kaliningrad oblast (Golikova, 1960) and Vologda
oblast (Radchenko and Shabunov, 2008). The hel-
minth fauna of R. arvalis has been studied in the most
detail in the Middle Volga region (Chikhlyaev et al.,
2015; Chikhlyaev ad Ruchin, 2021), Republic of Bas-
hkortostan (Yumagulova, 2000; Zaripova et al., 2008;
Zaripova et al., 2018), West Siberia (Kuranova, 1988;
Burakova, 2012; Zhigileva and Kirina, 2015), Novosi-
birsk oblast (Zolotarenko and Sous’, 1976), Khanty-
Mansi Autonomous Okrug–Yugra (Ibragimova and
Starikov, 2013; Ibragimova and Nakonechnyi, 2017),
and the Republic of Buryatia (Schepina et al., 2009;
Baldanova et al., 2010).

In Ural, there is data on the parasitocenoses of the
Yekaterinburg urban agglomeration (Vershinin et al.,
2017), as well as the Polar (Vershinin et al., 2018) and
Southern Ural and Trans-Ural (Danilovaskii, 1997;
Burakova and Vershinin, 2016). Since Ural Mountain

country extends for an extremely long distance from
the north to the south (~2300 km) crossing several
landscape and climatic zones and is considered a nat-
ural border between Europe and Asia (Chikishev,
1966), the study of R. arvalis parasitocenoses in the
Urals is of high importance.

The aim of the work was to assess how the parasite
complex of R. arvalis changes along the environmental
gradients of Ural.

MATERIALS AND METHODS
The material for study was collected in the moun-

tainous areas and the Ob River f loodlands in the Polar
Ural, the western and eastern slopes of the Middle
Ural (urban and natural areas), and the East-Southern
Ural province of the Southern Ural and Trans-Ural in
2010–2019 (Fig. 1).

Since the Ural Mountains cross eight physicogeo-
graphical regions longitudinally (Chikishev, 1966), the
climatic differences between its northern and southern
parts are profound (Table 1). The distinguishing geo-
chemical feature of spawning water reservoirs in the
forest-steppe and steppe zones of the Trans-Ural
region is their high natural mineralization (Table 2).

The parasitocenoses in the urban gradient were
studied in Yekaterinburg, which is located on the east-

Abbreviations: AI, abundance index, no. of parasites/individual
host; P, prevalence, %.

† Deceased.
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Fig. 1. Schematic map of the material collection sites. (1)
Krasnyi kamen' ecosite, (2) Labytnangi, (3) Visimskii nat-
ural reserve, (4) settlement of Vogulka, (5) Krasnorufimsk,
(6) Olen’i ruch’i Park, (7) village of Bugalysh, (8) Krasno-
tur’insk, (9) village of Oktyabr’sky, (10) village of Sagra,
(11) Lake Peschanoe, (12) Yekaterinburg (black square),
(13) Lake Berdanish, (14) settlement of Metlino, (15) set-
tlement of Baydashevo, (16) settlement of Arkaim, (17)
Turinsk, (18) settlement of Vargashi, (19) Lake Kamysh-
noye, (20) settlement of Sungurovo, (21) Lake Kurtan,
(22) settlement of Koshelevo, (23) settlement of Zhurav-
levka, and (24) Lake Stepnoe.
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ern slope of the Middle Ural (Fig. 1). Within the urban
agglomeration, a residential area and a forest park area
were chosen (Vershinin et al., 2015). The countryside
populations of R. arvalis were used as a control. The
environmental gradient was confirmed by the results
of a hydrochemical analysis of spawning reservoirs
obtained by the Laboratory of Physical and Chemical
Analyses of the Ural State Mining University. The dif-
ferences between the parasitocenoses of the animals at
the 52nd–53rd developmental stages and those that
completed metamorphosis (the 54th stage) were stud-
ied (Dabagyan and Sleptsova, 1975).

A total of 2468 individual moor frogs were studied,
including 30 individuals collected in the Polar Ural
and 1833 individuals in the Middle Ural, with 1378 of
them collected within the urban agglomeration and
455 in natural areas; 55 individuals were collected in
South Ural and 550 in Trans-Ural.

Parasite identification was performed according to
the standard method (Ivashkin et al., 1971; Ryzhikov
et al., 1980; Sudarikov et al., 2002). Parasite infection
rates were assessed based on P(%) and AI (number of
parasites/individual host) (Breev, 1976). To test the
significance of the differences in P, a χ2 test with Yates
correction was applied, while ANOVA was used in the
case of the differences in AI. The domination struc-
ture was analyzed using the approach suggested by
Kirillov (2011). All calculations, including AI and P
calculations and statistical analysis, were carried out
using the Statistica software package for Windows 6.0.

RESULTS

In R. arvalis, 12 parasite species belonging to the
Platyhelminthes (6 species) and Nematoda (6) phyla
were registered in the areas under study. Species com-
position, localization, and parasite infestation level
are presented in Tables 3 and 4.

Depending on the mode of entry and developmen-
tal cycle, helminths are divided into three ecological
groups (Chikhlyaev and Faizulin, 2016): (1) autoge-
nous biohelminths—Trematoda adult stages (marita)
circulating along the food chains (Dolichosaccus ras-
tellus, Opisthioglyphe ranae, Diplodiscus subclavatus
and Haplometra cylindracea); (2) allogenic biohel-
minths—helminths, actively (percutaneously) enter-
ing amphibians from water sources (Echinoparyphium
recurvatum and Holostephanus volgensis); and (3)
autogenic geohelminths—sexually mature stages of
nematodes with a direct developmental cycle passively
(perorally) infecting their hosts while the latter occa-
sionally come into contact with invasive larvae on the
shore (Oswaldocruzia filiformis, Aplectana acuminatа,
Neoraillietnema praeputiale, Cosmocercoides pulcher,
and Rhabdias bufonis) or in water (Cosmocerca ornata)
(Kirillov and Kirillova, 2016; Kirillov and Kirillova,
2021), i.e., which do not circulate along food chains
(Fig. 2а).
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Table 1. Climatic conditions of the Ural physicogeographical areas

Region Climate type Annual 
rainfall, mm

Average July 
temperature, °С

Relative air 
humidity 

in summer, %
Reference

Polar Ural Arctic, cold 650–800 
in river valleys

+10 to +12 70–80 Krivtsov 
and Vodorezhov, 2016

Middle Ural Moderate Continental 400–700 +16 to +19 60–65 Chikishev, 1966; 
Dyachenko, 1997; 
Krivtsov 
and Vodorezhov, 2016

Western slope Moderate Continental 600–700
Eastern slope Significantly more 

continental and drier 
than on the Western slope

400–500

Southern Ural More Continental
than in the Middle Ural

300–500 +18 to +20,
+22 to +40

in the far south

70–76 Chikishev, 1966; Mil’kov 
and Gvozdetskii, 1976; 
Dyachenko, 1997

Trans-Ural Continental 300–400 +19 to +21 30–59 Kuvshinova, 1968; 
Dyachenko, 1997; 
Krivtsov 
and Vodorezhov, 2016

Table 2. Average surface water mineralization and average monthly temperature (April and May)

Mean values and error of mean are provided, n is the sample number; a dash indicates no data.
Mineralization—significant at F (5, 317) = 27.091, p = 0.00001; temperature—significant at F (2,1449) = 39.601, p = 0.0000.

Region
Parameter

mineralization, mg/dm3 temperature, °C

Middle Ural

–western slope 198.7 ± 102.6 (n = 4)

eastern slope 142.1 ± 24.9 (n = 68) 11.6 ± 0.31 (n = 223)

Yekaterinburg 
forest park zone 190.4 ± 18.9 (n = 117) 11.5 ± 0.21 (n = 504)

residential zones 419.6 ± 18.2 (n = 128) 13.7 ± 0.17 (n = 725)

Southern Ural 216.0 ± 118.6 (n = 3) –

Trans-Ural 842.3 ± 118.6 (n = 3) –
In R. arvalis, only the Oswaldocruzia filiformis
nematode was found in the studied areas of the Polar
Ural. In the Middle Ural, the Aplectana acuminata and
Neoraillietnema praeputiale nematodes, not found in
other regions, were detected. Only the Cosmocercoides
pulcher nematode was found in the Trans-Ural region.
Metacercaria of the Holostephanus volgensis trematode
have been found everywhere except for the Polar Ural.
The relatively small volume of collections from the
Polar and Southern Urals did not allow an exhaustive
analysis of parasitocenosis structure in these regions
(Fig. 2b).

Trematode P is higher in Trans-Ural, as well as in
the amphibian populations in the urban ecosystems of
Middle Ural (Table 4), when compared with natural
ones, although AI was higher in amphibians from
Middle Ural than from Trans-Ural. The rate of infec-
tion with Holostephanus volgensis trematode metacer-
INLAND WATER BIOLOGY  Vol. 15  No. 4  2022
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Table 3. Species composition and invasion indices of Rаnа arvalis in Ural natural ecosystems

Here and in Table 4: above the line is prevalence (P), %; under the line is abundance index (AI), no. of parasites/individual host; mtc.
is metacercaria; n is number of frogs studied; and a dash indicates the taxon is absent. Significant differences: a with the Polar region,
b with Middle Ural, c with Southern Ural, and d with Transurals.

Taxon Polar Ural
(n = 30)

Middle Ural
(n = 455)

Southern Ural
(n = 55)

Transurals
(n = 550)

Parasite 
localization

Phylum Platyhelminthes Claus, 1887

Class Trematoda Rudolphi, 1808 –

Dolichosaccus rastellus (Olsson, 1876) – Gut

Opisthioglyphe ranae (Frölich., 1791) – – The same

Haplometra cylindracea (Zeder., 1800) – Lungs

Echinoparyphium recurvatum (Linstow, 1873), mtc. – – – Kidney

Holostephanus volgensis (Sudarikov, 1962), mtc. – Visceral cavity

Phylum Nematoda Cobb, 1932

Class Chromadorea Inglis, 1983 –

Oswaldocruzia filiformis (Goeze, 1782) Gut

Cosmocerca ornata (Dujardin., 1845) – The same

Neoraillietnema praeputiale (Skrjabin, 1916) – – – ''

Aplectana acuminata (Schrank., 1788) – – – ''

Cosmocercoides pulcher Wilkie., 1930 – – – ''

Rhabdias bufonis (Schrank., 1788) – Lungs

Species number 1 8 7 9

28.35
5.84d

29.09
1.23

,51.09
3.75

b c

6.15
0.22

23.63
1.05

b ,40.91
2.19

b c

b

3.63
0.05

1.27
0.04

5.27
0.14

5.45
0.05

,

,
18.00
0.60

b c

b c

2.55
0.33

,17.36
5.48

с d

d
1.81
0.07

0.73
0.57

10
0.43

31.21
1.35

a 34.54
2.03

a , ,

, ,
70.55
7.54

a b c

a b c

10
0.43

20.88
0.84

27.27
1.18

, ,

, ,
63.64
4.26

a b c

a b c

,14.06
0.35

c d

d
1.81
0.01

0.91
0.05

2.42
0.05

0.43
0.01

0.55
0.009

4.40
0.09

10.90
0.83

b ,

,
35.45
3.22

b c

b c
caria was significantly higher in animals from Middle
Ural (Table 3), especially from the eastern slope.

The highest infection rate was observed in Trans-
Ural. In the animals in the natural ecosystems of Mid-
dle Ural, where infection by Cosmocerca ornata makes
a significant contribution, nematode P is significantly
higher than in the urban ecosystems (Table 4).

Along with the presence of common species (Table 2,
Fig. 3), the western slope was unique in the presence
of the Aplectana acuminata nematode, while the east-
INLAND WATER BIOLOGY  Vol. 15  No. 4  2022
ern slope was unique in the presence of Holostephanus
volgensis trematode metacercaria, the invasion rate of
which is maximal in R. arvalis from the urban ecosys-
tem of Middle Ural. The Middle Ural R. arvalis popu-
lations inhabiting the western slope are predominated
by Oswaldocruzia filiformis, with Cosmocerca ornata
and Dolichosaccus rastellus being subdominant. In the
natural populations of the eastern slope, the super-
domination of Holostephanus volgensis was registered.
The prevalence of the Oswaldocruzia filiformis, Cos-
mocerca ornata, Rhabdias bufonis, and Haplometra
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Table 4. Species composition and invasion indices of Rаnа arvalis in the natural and urban areas of Middle Ural

Significant differences: а with natural ecosystems, b with urban ecosystems, c with the Eastern slope, and d with the Western slope.

Species

Middle Ural (n = 1833)

western slope
(n = 173)

eastern slope (n = 1660)

urban ecosystem
(n = 1378)

natural areas
(n = 282)

Phylum Platyhelminthes Claus, 1887

Class Trematoda Rudolphi, 1808

Dolichosaccus rastellus (Olsson, 1876)

Opisthioglyphe ranae (Frölich, 1791) – –

Haplometra cylindracea (Zeder, 1800)

Echinoparyphium recurvatum (Linstow, 1873), mtc. – –

Holostephanus volgensis (Sudarikov, 1962), mtc. –

Diplodiscus subclavatus (Goeze, 1782) – –

Phylum Nematoda Cobb, 1932

Class Chromadorea Inglis, 1983

Oswaldocruzia filiformis (Goeze, 1782)

Cosmocerca ornata (Dujardin, 1845)

Neoraillietnema praeputiale (Skrjabin, 1916)

Aplectana acuminata (Schrank, 1788) – –

Rhabdias bufonis (Schrank, 1788)

Total number of species 7 10 7

24.27
0.73

40.56
9.81

a 30.85
8.98

d

d

13.87
0.52

c

c
11.17
0.70

a

a
1.42
0.03

1.59
0.04

10.40
0.21

c 3.84
0.22

2.13
0.10

2.24
0.17
26.41
8.66

28.01
8.84

0.07
0.0007

53.17
2.48

c

c
11.53
0.58

17.73
0.65

b

40.46
1.76

c

c
9.57
0.41

8.87
0.27

19.65
0.42

c 3.62
0.08

10.64
0.30

b

b

5.20
0.13

c

c
0.29

0.002
0.35

0.007

1.15
0.02
6.93
0.13

2.53
0.08

2.84
0.07
cylindracea trematode is 2.8, 3.13, 0.74, and 1.07%,
respectively (Fig. 3).

Nine common parasite species were described in
the amphibians of the urban agglomeration (residen-
tial and forest park zones) and natural areas. Diplodis-
cus subclavatus (residential zone) and Echinoparyph-
ium recurvatum trematodes were found only in the
urban area (Table 3 and Fig. 4), while Aplectana acum-
inata was found only in the natural populations. A high
degree of domination was demonstrated for Holos-
tephanus volgensis, mtc. in the amphibians inhabiting
the natural areas (Fig. 4, Table 4). The proportion of
the Dolichosaccus rastellus trematode and the rate of its
infestation in the animals of the residential zone
increases in the urban ecosystems.

The greatest diversity of nematodes was found in
the R. arvalis populations in the natural areas and the
forest park zone. The proportion of Oswaldocruzia fili-
formis and Rhabdias bufonis decreases along the
urbanisation gradient (Fig. 4). The western slope of
Middle Ural is predominated by Oswaldocruzia fili-
formis, whereas the proportion of this species is low on
INLAND WATER BIOLOGY  Vol. 15  No. 4  2022
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Fig. 2. Ecological groups (a) and parasite species ratio (b) in R. arvalis in the studied regions.
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the eastern slope (Fig. 3). This is probably why there is
a decrease in its presence in urban areas compared to
the European part of the habitat.

Of particular interest is a study of the parasito-
cenoses of amphibians completing metamorphosis
(Fig. 5). Two trematode species, Holostephanus vol-
gensis and Dolichosaccus rastellus, were detected in
R. arvalis at the 52–53 stages of development in the
natural areas of the eastern slope of the Middle Urals,
with the rate of infection by Holostephanus volgensis
metacercaria being considerably higher here that in
the urban ecosystem. By the end of metamorphosis,
the amphibians are invaded by the Diplodiscus sub-
clavatus trematode and Oswaldocruzia filiformis, Cos-
mocerca ornata, Neoraillietnema praeputiale, and
Rhabdias bufonis nematodes, whose invasion rates are
low (Table 5). The helminthocenoses of R. arvalis
INLAND WATER BIOLOGY  Vol. 15  No. 4  2022
frogs that have completed metamorphosis in the natu-
ral ecosystems are characterized by greater nematode
diversity than at the preceding stages.

At stages 52–53, the parasitocenosis of R. arvalis
inhabiting the residential zone proved to be the most
abundant, with four trematode species and the Oswal-
docruzia filiformis nematode. By the 54th stage, spe-
cies diversity increases to encompass eight helminth
species. Gut nematodes Cosmocerca ornata and Neo-
raillietnema praeputiale are absent in the amphibia at
the final stages of morphogenesis in urban areas, with
the proportion of Opisthioglyphe ranae decreased. The
Diplodiscus subclavatus trematode was registered in the
amphibians that completed morphogenesis only in the
residential zone. The Rhabdias bufonis nematode was
detected in the animals with complete metamorphosis
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Fig. 3. Parasite species ratio in Rana arvalis on the Western (W) and Eastern (E) slopes of the Middle Ural.
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Fig. 4. Parasite species ratio in Rana arvalis from the urbanized and natural areas of the eastern slope of the Middle Ural.

Natural
areas

Forest-park
zone

Residential
zone

0 20 40 60 80 9070503010 100
%

O. filiformis
D. rastellus
E. recurvatum, mtc.

C. ornata
R. bufonis O. ranae

D. subclavatus

N. praeputiale

H. cylindraceae
H. volgensis, mtc.
in both urban ecosystems and natural areas (Table 5,
Fig. 5).

DISCUSSION

The parasitocenoses of moor frogs in the areas
under study are characterized by both common and
specific features. The trematodes detected in R. arvalis
from the Middle and Southern Ural and Trans-Ural
were not found in the animals inhabiting the Polar
Ural, which may be due to the limited sample size, but
is more likely due to the extreme environmental con-
ditions. It is generally known that, in natural ecosys-
tems, parasite transmission is regulated by the ambient
temperature conditions (Marcogliese, 2001; Morley
and Lewis, 2013) and, in some regions with the arctic
climate, parasitocenoses are absent or are depleted of
trematodes (Galaktionov, 2017).
INLAND WATER BIOLOGY  Vol. 15  No. 4  2022
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Fig. 5. Parasite species ratio in Rana arvalis at different stages of development in the natural populations of the Middle Ural and
urban ecosystems.
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Trematode species abundance and P are higher in
the Trans-Ural region. This may be due to the charac-
teristics of the habitat with open forest-steppe spaces
abundant in well-heated lakes and with a wide distri-
bution and high abundance of intermediate and defin-
itive hosts (mollusks and aquatic and semi-aquatic
birds with rich trophic links). The spawning water res-
ervoirs of the Trans-Ural region are highly mineralized
(Table 2) when compared with those of Middle and
Southern Ural. High levels of insolation (Titi et al.,
2014) and mineralization (Vershinin et al., 2015) con-
tribute to algae biomass accumulation and the growth
of intermediate host populations as well as, as a conse-
quence, the increase in the amounts of cercariae pro-
duced by them.

The absence of the Aplectana acuminata nematode
(Table 4) in the R. arvalis populations in Southern
Ural (despite its presence in the Middle Ural) is prob-
ably due to the small sample size, since it is has been
described for this species in the Republic of Bashkor-
tostan (Yumagulova, 2000).

The higher infestation by nematodes on the west-
ern slope of Middle Ural than on the eastern slope is
determined by differences in temperature and precipi-
tation affecting the completion of the life cycle by
nematodes and trematodes. The nematodes described
for the western and eastern macroslopes of the Middle
Ural are geohelminths, whose eggs and larvae mature
in soil at sufficient moisture levels (Barton, 1998) and
appropriate temperatures (Griffin, 1988). The high
level of precipitation on the western slope of the Mid-
dle Ural probably causes a greater infection of animals
with nematodes compared with the eastern slope.
INLAND WATER BIOLOGY  Vol. 15  No. 4  2022
Rhabdias bufonis and Oswaldocruzia filiformis AI and P
significantly decrease in the eastward direction and
the rates of infection with the intestinal nematode
Cosmocerca ornata decrease.

The distinguishing feature of the eastern slope of
the Middle Ural is the high rate of moor frog infection
by Holostephanus volgensis, which explains the high
levels of trematode infestation in the populations of
R. arvalis observed on this territory. In other regions,
Holostephanus volgensis was described in Pelophylax
ridibundus (Pallas, 1771) (Indiryakova, 2011; Chikhly-
aev et al., 2012). The putative definitive host of Holos-
tephanus volgensis is probably the hooded crow Corvus
cornix (L., 1758), which is present in large numbers in
the anthropocenoses of the Middle Ural (Lyakhov,
2012), including in areas near the spawning reservoirs
of R. arvalis. The migration routes of the hooded crow
(Ryzhanovsky, 2019) make the introduction of the
Holostephanus volgensis trematode into the Middle
Ural highly possible. The maximum invasion of
R. arvalis by Holostephanus volgensis metacercariae in
the urban ecosystem may be associated with the high
numbers of its intermediate host, the Bithinia tentacu-
lata mollusk (L., 1758), which is the dominant species
in urban reservoirs (Filippenko, 2011; Romashkova,
2015; Suvorova and Shmakova, 2016).

The presence of the Opisthioglyphe ranae, Echi-
noparyphium recurvatum, mtc., and Diplodiscus sub-
clavatus trematodes and an increase in the infection
rate and the proportion of Dolichosaccus rastellus in
the amphibians of the residential zone is associated
with the accumulating nature of urbanized ecosys-
tems, an increase in mineralization and temperature of
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Table 5. Species composition and invasion indices of Rаnа arvalis at different ontogenetic stages along the urbanization
gradient

Above the line, P, %; below the line, AI, no. of parasites/individual host; the rest is the same as in Table 4. 
Significant differences within each zone: a with stage 53; b with stage 54; significant differences for each developmental stage: 
c with residential zone, d with forest-park zone, and е with natural area.

Species

Residential zone
(n = 642)

Forest-park zone
(n = 643)

Natural area
(n = 242)

stages 52, 53
(n = 159)

stage 54
(n = 483)

stages 52, 53
(n = 171)

stage 54
(n = 472)

stage 52, 53
(n = 65)

stage 54
(n = 177)

Phylum Platyhelminthes Claus, 1887

Class Trematoda Rudolphi, 1808

Dolichosaccus rastellus (Olsson, 1876)

Opisthioglyphe ranae (Frölich, 1791) – – – –

Haplometra cylindracea (Zeder, 1800) – – –

Echinoparyphium recurvatum (Linstow, 1873), mtc. – – –

Diplodiscus subclavatus (Goeze, 1782) – – – – –

Holostephanus volgensis (Sudarikov, 1962), mtc.

PhylumNematoda Cobb, 1932

Class Chromadorea Inglis, 1983 – –

Oswaldocruzia filiformis (Goeze, 1782) – –

Cosmocerca ornata (Dujardin, 1845) – – – –

Neoraillietnema praeputiale (Skrjabin, 1916) – – – – –

Rhabdias bufonis (Schrank, 1788) – – –

Total number of species 5 8 3 7 2 6

42.76
7.35

,

,
44.09
13.13

d е

d е
50.29
15.63

b

b
33.68
6.73

, ,

, ,
82.08
31.17

b c d

b c d
14.44
2.29

8.17
0.22

d ,

, ,
24.22
1.81a

а

d

d

e
1.16
0.02

3.81
0.11

1.49
0.04

1.66
0.02

7.54
0.20

b

b
2.7

0.05

2.51
0.03

0.62
0.006

2.54
0.31c

1.24
0.06

4.09
0.30

3.81
0.32

c

c

0.20
0.002

30.18
6.89 ,

23.18
11.18d е

47.95
15.30

c

b
26.05
5.97

, ,

, ,
82.08
31.13

b c d

b c d
13.33
2.26

0.62
0.006

7.24
0.18

а

,
9.74

0.40

c

c е
12.77

0.23

c

0.62
0.006

6.83
0.17

а

,
6.56

0.22c е
6.66
0.10

4.02
0.07

5.55
0.11

d

0.55
0.01

0.62
0.01

2.54
0.10

c 0.55
0.005
spawning reservoirs, and an increase in the intermedi-
ate host (gastropods and insects) numbers and the
abundance of cercariae produced by them (Vershinin
et al. al., 2015; Vershinin et al., 2017). The intermedi-
ate hosts of Diplodiscus subclavatus are mollusks in the
genera Planorbis Müller, 1774 (Ryzhikov et al., 1980),
as well as Anisus Studer, 1820 and Viviparus Montfort,
1810, which predominate in urban reservoirs (Min-
gazova et al., 2008).

Thus, the proportion of trematodes infecting
R. arvalis increases and the proportion of nematodes
decreases on the urban territory, with the emergence
of rarely occurring parasite species not registered in
natural populations; i.e., these indices show a clear
southward trend. This trend can also be noted along
the time gradient at the end of metamorphosis.

R. arvalis from the urban and natural territories at
the 52nd and 53rd stages of development is invaded by
metacercaria forms of trematodes. Early infection by
trematodes and their high species diversity in amphib-
ians in residential zones are associated with the eco-
logical features of spawning reservoirs. Infection with
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Holostephanus volgensis metacercariae commonly
decreases by the 54th stage of development due to the
mortality of the most infected individuals (Vershinin
et al., 2017). A high proportion of underyearlings
(30.4%), who start feeding before the completion of
metamorphosis (Vershinin, 1995), in the residential
zones of the city leads to their early infestation by soil-
inhabiting nematode forms. By the 54th stage,
R. arvalis frogs inhabiting natural territories are char-
acterized by maximum infestation rates and species
diversity, which decrease with the increasing degree of
urbanization due to the deep transformation of soils in
urban areas.

CONCLUSIONS

Twelve parasite species belonging to the Platyhel-
minthes (6) and Nematoda (6) phyla were identified in
Rana arvalis inhabiting the studied areas. The change
in the structure of parasitocenoses of R. arvalis popu-
lations observed along the environmental gradients is
due to the differences in the biology of parasite groups
and microbiotopic features of host habitats. The dis-
tinguishing feature of R. arvalis parasite complexes is
high rates of infection by the metacercariae of the
Holostephanus volgensis trematode observed in the
animals inhabiting the eastern slope of the Middle
Ural. In the urban ecosystems of the Middle Ural,
R. arvalis parasite species composition is depleted
with the increase in the proportion of trematodes and
the occurrence of rare parasite species. This is due to
the specific features of urban habitats: increased tem-
peratures and a changed chemistry of spawning reser-
voirs. In the initial period of R. arvalis terrestrial life,
in the animals completing metamorphosis, coloniza-
tion by host biotope parasites is determined by the
expansion of the spectrum of food objects associated
with an increase in the radius of food activity and the
continued growth of underyearlings. When moving
from the north to the south, infection rates increase,
which is due to an increase in heat supply and in the
biodiversity of intermediate and definitive hosts.
Trematode infection rates increase from west to east.
The opposite trend is observed with respect to nema-
todes, which is associated with a decrease in the mois-
ture supply on the western slope, namely, differences
in the hydrothermal coefficient between the western
(1.5–1.6) and eastern (1.26) slopes of the Ural moun-
tains, which means an increase in the continentality of
the climate.
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