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Abstract
Purpose The study aims to characterise and compare the helminth assemblages and helminth infracommunities in the marsh 
frog, Pelophylax ridibundus and the edible frog, P. esculentus collected in the northern part of Ukraine.
Methods Occurrence and abundance of the helminths were analysed by calculating the prevalence, intensity, and mean 
abundance of infection; similarities between the infracommunities were estimated by the Bray–Curtis index and visualised 
using nMDS plots. Dissimilarities were estimated using the ANOSIM and SIMPER routines.
Results In total, 27 helminth species were found in 143 frogs. Pelophylax ridibundus (n = 86) harboured 20 species of hel-
minths, 24 species were found in P. esculentus (n = 57), and 17 species were shared by the two hosts. Oswaldocruzia bialata 
and larval Strigea sp. were absent in P. ridibundus, while they reached the prevalence of 30% and 10%, respectively, in P. 
esculentus. Cosmocerca ornata, Diplodiscus subclavatus, Opisthioglyphe ranae, and Codonocephalus urniger had signifi-
cantly larger prevalence in P. ridibundus, whereas Haematoloechus asper was found to be more prevalent in P. esculentus. 
Acanthocephalus ranae, Icosiella neglecta, Haematoloechus variegatus, Pleurogenes claviger, Pleurogenoides medians, and 
Prosotocus confusus were equally common in both hosts. Helminth infracommunities in the two hosts had identical species 
richness (1–10 species, 4 on average); abundance was significantly higher in P. ridibundus.
Conclusions Helminth assemblages of the two hosts in northern Ukraine are rather similar; however, small but significant 
differences were found in their species composition, parameters of infection in some species, and structure of helminth 
infracommunities.
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Introduction

The Pelophylax esculentus complex of European green frogs 
comprises two parental species: the marsh frog, Pelophy-
lax ridibundus (Pallas) and the pool frog, P. lessonae 

(Camerano), and their hybridogenetic hybrid usually referred 
to as the edible frog, P. esculentus (Linnaeus) or P. kl. escu-
lentus [13, 15]. Both parental species and the hybrid are 
widely distributed in western Palaearctic; however, the 
southern border of P. lessonae distribution is located north-
ward to that of P. ridibundus, especially in the eastern part 
of the area [25]. In Ukraine, P. lessonae and P. esculentus 
occur mostly in the northern part. Besides, several popula-
tions of P. esculentus are scattered in other parts of Ukraine 
as genetic remnants of ancient crosses between the popula-
tions of parental species. Pelophylax ridibundus is distrib-
uted throughout the entire territory of the country [39].

Representatives of the Pelophylax esculentus complex 
have somewhat different ecological preferences. Pelophy-
lax ridibundus inhabits clear watercourses and large water 
bodies: big rivers and their tributaries, large ponds, dams, 
lakes, etc. This species hibernates in the water; therefore, 
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complete freezing of water bodies may be fatal for it. Con-
sequently, the expansion of P. ridibundus northward is lim-
ited by winter temperatures. Pelophylax lessonae lives and 
reproduces in forest reservoirs and marshes that may dry 
up in summer and hibernates on the land. The biological 
characteristics of P. esculentus are usually described as 
intermediate between those of parental species; for exam-
ple, the hybrid form chooses its hibernating sites either 
on the land or in the water [2, 23, 34, 39]. Consequently, 
P. lessonae and P. esculentus can survive in the regions 
with lower winter temperatures or where large water bod-
ies (lakes, large rivers) are absent [4, 34].

Taxonomic status of P. esculentus is still being dis-
cussed; however, most studies demonstrated the genetic 
heterogeneity of this form [22, 30, 31, 34, 36]. Pelophylax 
ridibundus × P. lessonae hybrids, therefore, cannot be con-
sidered as a biological species. On the other hand, popula-
tions of hybrids do exist in particular biotopes, separately 
[8] or, more often, along with one or both parental spe-
cies [21, 34]. These populations interact in a particular 
way with other components of biocenoses, including the 
parasites.

Species composition of helminth assemblages of 
Pelophylax spp. in the northern part of Ukraine is known 
due to the works of Mazurmovich [29] and Maguza [28]. 
Both authors, however, did not record the helminths of the 
hybrid form, P. esculentus, since it was not recognised at 
the times of the studies. The hybrid individuals might have 
been assigned by the authors to either or to both parental 
species. A more recent review of helminths of amphibians 
in neighbouring regions of Belarus [48] does not report 
on helminths of P. esculentus, as well. In eastern Ukraine, 
helminth infection of P. esculentus and P. ridibundus was 
studied by Rezvantseva et al. [43] in one locality near the 
city of Kharkiv. Excepting this study, there is no informa-
tion about the helminth assemblages in separate compo-
nents of Pelophylax esculentus complex in Ukraine. In 
Poland, helminth communities of Pelophylax spp. includ-
ing P. esculentus were recently studied by Popiołek et al. 
[40] and Okulewicz et al. [38]. Similar investigations were 
carried out in Hungary [20] and in the Russian Federation 
[6, 42].

In the present study, we performed a helminthological 
investigation of P. esculentus and P. ridibundus collected 
in 13 localities in the northern part of Ukraine. In each 
locality, one of the two hosts was either predominating 
in a combined population of Pelophylax spp., or occurred 
solely. The study allowed first report on the helminth 
assemblage of P. esculentus in this part of its distribution 
area. Besides, we characterised and compared the helminth 
assemblages in P. esculentus and P. ridibundus based on 
the parameters of helminth infection and the composition 
of helminth infracommunities.

Material and Methods

Study Area and Localities

The study covered 13 localities situated in Volynska, Rivn-
enska, Zhytomyrska, Kyivska, and Chernihivska Oblasts 
(administrative regions) of Ukraine (Fig. 1, Table 1). Seven 
northern localities (Pisochne, Prypiat-Stokhid, Somyne, Per-
ebrody, Uzh1, Uzh2, and Desna) are situated in the natural 
zone of mixed forests (Polissia). The localities close to and 
within the city of Kyiv (Bilychi, Holosiyeve, Telbyn) are on 
the border between the forest zone in the north and forest-
steppe zone in the south. Bohuslav, Vasyliv, and Trypillia 
are situated in the northern part of the forest-steppe natural 
zone.

Sampling of Hosts

Frogs were collected manually or with a net during the 
warm season, from May till early October, in 2016–2018 
(Table 1). In total, 143 frogs including 57 P. esculentus and 
86 P. ridibundus were collected and examined; each sam-
ple contained from 9 to 15 frog individuals (Table 1). In 
each locality, except for Vasyliv, we collected mostly adult 
frogs. The sample of P. ridibundus from Vasyliv comprised 
juvenile and sub-adult frogs with snout-vent length (SVL) 
ranging 38–58 mm (mean 47.4 ± 5.2 SD mm). In combined 
samples of hosts, snout-vent length ranged 38–90 mm (mean 
62.9 ± 13.5 SD mm) in P. esculentus, and 38–105 mm (mean 
72.6 ± 17.0 SD mm) in P. ridibundus. All collected frogs 
were identified based on morphological characters: coloura-
tion pattern, resonator colour, shape and size of the metatar-
sal tubercle, and the shin length [32, 34, 35, 39].

Collection of amphibians in nature protected areas 
was licensed by the "Agreement on scientific coopera-
tion between the I. I. Schmalhausen Institute of Zoology 
and National Natural Park "Prypiat-Stokhid" (2010)", and 
the "Agreement on scientific cooperation between the I. I. 
Schmalhausen Institute of Zoology and Rivnenskyi Nature 
Reserve (2014)".

Collection and Identification of Helminths

Collected frogs were transported to the laboratory alive and 
examined for parasites. Their internal organs were removed 
and studied under the dissection microscope; the body cav-
ity, body and limb muscles and spaces under the skin were 
also examined. All helminth specimens revealed were rinsed 
in saline and fixed with heated 70% alcohol. Encapsulated 
larval stages of helminths were released from the capsules 
using sharp forceps and needles before the fixation. Most 
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Fig. 1  Map showing the sampling localities in the study area: 1—
Pisochne, 2—Prypiat-Stokhid, 3—Perebrody, 4—Somyne, 5—Uzh1, 
6—Uzh2, 7—Desna, 8—Bilychi, 9—Telbyn, 10—Holosiyeve, 11—

Trypillia, 12—Vasyliv, 13—Bohuslav. Details and descriptions of 
localities are given in Table 1

Table 1  Studied localities and samples of hosts

No Locality name and coordinates Brief description Dates of collection, species and number of 
frogs

1 Pisochne; 51° 34′ 4.96″ N, 23° 55′ 27.40″ E Pisochne Lake in Shatsky National Nature 
Park

September 2018: 11 P. esculentus, 1 P. 
ridibundus

2 Prypiat-Stokhid; 51° 48′ 45.70″ N, 25° 28′ 
52.12″ E

Small artificial lake close to Liubiaz Lake in 
"Prypiat-Stokhid" National Nature Park

June 2017: 10 P. esculentus

3 Perebrody; 51° 39′ 2.97″, 27° 4′ 55.00″ Reclamation canals in the forest in Per-
ebrody area of Rivnenskyi Nature Reserve

May 2018: 5 P. esculentus

4 Somyne; 51° 24′ 9.57″, 26° 51′ 4.86″ Two small adjacent forest ponds in Somyne 
area of Rivnenskyi Nature Reserve

May 2018: 10 P. esculentus

5 Uzh1; 50° 59′ 10.72″ N, 28° 51′ 20.00″ E Reclamation canals in the forest near 
Khodaky and Berestovets villages, close to 
Uzh river

May 2018: 10 P. esculentus

6 Uzh2: 50° 59′ 25.31″ N, 28° 41′ 45.66″ E Dam on the Uzh River near the town of 
Korosten

May 2018: 10 P. ridibundus

7 Desna; 51° 1′ 4.07″ N, 30° 53′ 9.62″ E Flood lake close to the Desna River May 2017: 9 P. esculentus
8 Bilychi; 50° 27′ 36.90″ N, 30° 17′ 37.69″ E Fishery pond on the Nyvka River, western 

edge of Kyiv City
September 2016: 10 P. ridibundus;
August 2018: 9 P. ridibundus, 2 P. esculentus

9 Telbyn; 50° 25′ 30.87″ N, 30° 36′ 37.04″ E Telbyn Lake in Berezniaky district, Kyiv 
City

September 2018: 11 P. ridibundus

10 Holosiyeve; 50° 23′ 12.57″ N, 30° 29′ 49.80″ 
E

Ponds on the Horikhuvatka River in Holosi-
yivskyi Park within Kyiv City

September 2018: 10 P. ridibundus

11 Trypillia; 50° 7′ 16.43″ N, 30° 46′ 49.00″ E Water inlet connected to the Dnieper River 
in the village of Trypillia

October 2016: 10 P. ridibundus

12 Vasyliv; 49° 57′ 18.55″ N, 30° 27′ 24.83″ E Pond near the village of Vasyliv October 2018: 15 P. ridibundus
13 Bohuslav; 49° 33′ 3.86″ N, 30° 52′ 16.81″ E Pond on the Ros River within the town of 

Bohuslav
September 2016: 10 P. ridibundus
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specimens, except for the trematodes from the bladder (Gor-
godera spp.), were cleared in lactophenol and then exam-
ined and identified on temporary mounts under an AmScope 
T690B light microscope. Specimens of Gorgodera spp. were 
stained with hematoxylin to reveal the shape and position 
of the testes and then studied on temporary mounts in 50% 
glycerine solution in water. All collected helminth and host 
specimens are stored in the collection of I. I. Schmalhausen 
Institute of Zoology (Kyiv, Ukraine).

In the present study, the treatment of the animals was in 
compliance with institutional and national guidelines and 
regulations.

Data Analysis

The prevalence, mean abundance and mean intensity were 
calculated for each helminth species in a separate host fol-
lowing the definitions of Bush et al. [5]. Also, the prevalence 
of infection was calculated for helminth species in a com-
bined sample from both hosts (143 frogs in total) to charac-
terise the species based on their general occurrence. For each 
helminth species in a separate host, 95% confidence intervals 
of the prevalence and mean abundance were calculated using 
the Quantitative Parasitology (QP) v. 3.0 computer program 
[44]. For each species recorded in both hosts, a comparison 
of the prevalence, mean abundance and mean intensity was 
performed by the unconditional exact test [41] for the preva-
lence comparison, and the bootstrap t-test for comparison 
of mean abundance and mean intensity, using QP 3.0. The 
observed values of the prevalence of infection and the cor-
responding confidence intervals were used for the distinction 
between the rare and common species of helminths in each 
host. Minimum possible prevalence of infection (Pmin) was 
calculated in each sample as the equivalent of infection of 
a single host specimen. Thereafter, the lower limit of the 
prevalence confidence interval (Cmin) of each helminth spe-
cies was compared with the minimum possible prevalence 
value. If Cmin < Pmin, the species was considered as rare; if 
Cmin ≥ Pmin, the species was considered as common. To avoid 
a semantic confusion we do not use "common" for designa-
tion of the helminth species shared by both hosts.

In the infracommunity analysis, six uninfected specimens 
of P. esculentus (all from Uzh1 locality) were excluded. The 
helminth infracommunities were characterised by the spe-
cies richness (number of helminth species in a host individ-
ual) and abundance (number of helminth specimens in a host 
individual); for each parameter, the mean and median values 
were calculated and the ranges were identified. Both param-
eters in two hosts were compared using the Mann–Whitney 
U test in PAST v. 3.10 software [19]; the same program was 
used for the identification of the correlation between the 
species richness and abundance in the infracommunities and 

the host size (SVL), based on the Spearman’s correlation 
coefficient (rs).

ANOSIM (analysis of similarities) was applied to com-
pare the infracommunities’ similarity in the two hosts, using 
the PRIMER 6 software [10] and following the approach 
described in Spickett et al. [49]. Before the analysis, the 
data were log + 1-transformed and standardised within a 
sample (host individual) by total abundance. The matrix of 
Bray–Curtis similarities in helminth species composition 
between each pair of the infracommunities was constructed 
and used in ANOSIM. The R value obtained in the analysis 
was interpreted according to Clarke and Warwick [9]. The 
similarities and differences between the infracommunities 
were visualised using non-metric multidimensional scal-
ing (nMDS) plots based on the same matrix of Bray–Curtis 
similarities as the input dataset. Three specimens of P. escu-
lentus, each infected with a single helminth specimen, were 
excluded from the analysis to increase the resolution of the 
nMDS plots. The contribution of helminth species into the 
dissimilarity between the hosts at the infracommunity level 
was identified using the SIMPER routine implemented in 
PRIMER 6. In the latter analysis, the initial untransformed 
dataset was used.

Results

Helminth Species

Of 143 frogs examined, 137 (95.8%) were found infected 
with at least one helminth specimen. Six uninfected frogs 
were all P. esculentus from Uzh1 locality. In the combined 
sample of infected frogs, we found 27 helminth species 
(Table 2) from three taxonomic groups: acanthocephalans 
(1 species), nematodes (7 species), and trematodes (19 spe-
cies). Trematodes were the most abundant group: Diplo-
discus subclavatus, Opisthioglyphe ranae, Pleurogenoides 
medians, Prosotocus confusus, and Codonocephalus urniger 
reached the highest abundance values among all helminths; 
besides, D. subclavatus was found in all studied localities 
(Table 2). Among the nematodes, Cosmocerca ornata and 
Icosiella neglecta were the most abundant and widespread.

Eighteen of the collected helminth species reach maturity 
in amphibian hosts. Most adult helminths were collected 
from the digestive system of frogs. Besides, the nematode 
I. neglecta was found in host muscles, usually on the throat 
and in the hind limbs; three trematode species: Haematoloe-
chus asper, H. variegatus, and Skrjabinoeces similis, were 
located in the lungs, and two species of the trematode genus 
Gorgodera were found in the bladder. Nine of the recorded 
species (two nematodes and seven trematodes) use amphib-
ians as intermediate or paratenic hosts. In the examined 
frogs, larval stages of these species [third-stage juveniles 
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of nematodes (L3) and metacercariae (mtc) of trematodes] 
were found encapsulated in host tissues or in the body cav-
ity; the capsules were attached to the body wall or internal 
organs. In this group, C. urniger was the most abundant and 
widespread (Table 2).

In a combined sample of frogs, the prevalence of separate 
helminth species ranged from 0.7% up to more than 60% 
(Fig. 2). Fourteen species with P < 5% (empty bars on Fig. 2) 
were all the helminths found on larval stages, except for C. 
urniger, and six helminths found on adult stage: trematodes 
Brandesia turgida, Dolichosaccus rastellus, Gorgodera 
cygnoides, G. pagenstecheri, and nematodes Cosmocerca 
commutata and Oswaldocruzia duboisi. Thirteen species 
had the prevalence higher than 5% (filled bars on Fig. 2). 
Only two of them, O. ranae (P = 55.9%) and D. subclavatus 
(P = 60.8%), infected more than half of the examined frogs.

Of 27 recorded species of helminths, three were found 
only in P. ridibundus: D. rastellus, Strigeida gen. sp. 1, and 

Spirurida gen. sp. 2. Pelophylax esculentus was thus infected 
with 24 helminth species. Pelophylax ridibundus harboured 
20 species, lacking nematodes C. commutata, Oswaldocru-
zia bialata, O. duboisi, and Spirurida gen. sp. 1, as well 
as trematode larvae Astiotrema monticelli, Encyclometra 
colubrimurorum, and Strigea sp. Seventeen species out of 
27 appeared to be shared by both hosts. The comparison 
of helminth assemblages in P. esculentus and P. ridibundus 
based on presence/absence data showed rather a moderate 
similarity: Jaccard index 0.63, Sørensen index 0.77.

In P. esculentus, nine helminth species were assigned 
to the group of rare species (Table 3), since the lower lim-
its of the prevalence confidence intervals in those species 
were less than 1.8%. Among the common species in this 
host, there were three trematodes represented by metacer-
cariae: C. urniger (P = 7.0%), Paralepoderma cloacicola 
(P = 8.8%), and Strigea sp. (P = 10.5%). The rest of the 
common species in P. esculentus were found on the adult 

Table 2  Species of helminths 
found in Pelophylax esculentus 
and P. ridibundus, their total 
abundance (A), site of infection 
and incidence (Inc.—number of 
localities, where the helminth 
species was recorded/total 
number of localities)

No. Species A Site of infection Inc.

Acanthocephala: Palaeacanthocephala
 1 Acanthocephalus ranae (Schrank, 1788) 83 Small intestine 8/13

Nematoda: Chromadorea
 2 Cosmocerca commutata (Diesing, 1851) 1 Large intestine 1/13
 3 C. ornata (Dujardin, 1845) 252 Large intestine 9/13
 4 Icosiella neglecta (Diesing, 1851) 275 Muscles, body cavity 11/13
 5 Oswaldocruzia bialata (Molin, 1860) 59 Small intestine 4/13
 6 O. duboisi Ben Slimane, Durette-Desset et Chabaud, 1993 2 Small intestine 1/13
 7 Spirurida gen. sp. 1 (L3) 6 Encysted on intestine 1/13
 8 Spirurida gen. sp. 2 (L3) 2 Encysted on intestine 1/13

Platyhelminthes: Trematoda: Digenea
 9 Brandesia turgida (Brandes, 1888) 4 Small intestine 3/13
 10 Diplodiscus subclavatus (Pallas, 1760) 561 Large intestine 13/13
 11 Dolichosaccus rastellus (Olsson, 1876) 8 Small intestine 2/13
 12 Gorgodera cygnoides (Zeder, 1800) 11 Bladder 4/13
 13 G. pagenstecheri Sinitzin, 1905 10 Bladder 2/13
 14 Haematoloechus asper Looss, 1899 76 Lungs 8/13
 15 H. variegatus (Rudolphi, 1819) 76 Lungs 8/13
 16 Opisthioglyphe ranae (Frohlich, 1791) 2271 Small intestine 11/13
 17 Pleurogenes claviger (Rudolphi, 1819) 157 Small intestine 10/13
 18 Pleurogenoides medians (Olsson, 1876) 326 Small intestine 10/13
 19 Prosotocus confusus (Looss, 1894) 785 Small intestine, stomach 12/13
 20 Skrjabinoeces similis (Looss, 1899) 31 Lungs 4/13
 21 Astiotrema monticelli Stossich, 1904 (mtc) 2 Encysted on kidneys 1/13
 22 Codonocephalus urniger (Rudolphi, 1819) (mtc) 666 Encysted in muscles, 

liver, body cavity
5/13

 23 Encyclometra colubrimurorum (Rudolphi, 1819) (mtc) 3 Encysted in body cavity 1/13
 24 Paralepoderma cloacicola (Luhe, 1909) (mtc) 15 Encysted in body cavity 5/13
 25 Strigea sp. (mtc) 35 Encysted in body cavity 2/13
 26 Strigeida gen. sp. 1 (mtc) 3 Encysted in body cavity 2/13
 27 Strigeida gen. sp. 2 (mtc) 2 Encysted in body cavity 1/13
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stage. Only the nematode I. neglecta infected more than 
half of examined P. esculentus (P = 52.6%). In P. ridibun-
dus, the group of rare helminth parasites consisted of 
eight species (Table 3). In the group of common species 
infecting this host, only C. urniger was represented by 
metacercariae; other species were found on adult stage. 
Trematodes O. ranae (P = 70.9%) and D. subclavatus 
(P = 73.3%) were the most prevalent in P. ridibundus.

Separation of rare species based on the prevalence 
values allowed characterisation of helminth assemblages 
in the two hosts considering the common species only 
(marked with an ‘a’ in Table 3). The resulted list of hel-
minths includes 16 species. In this list, the larval parasites 
are represented by C. urniger (common in both hosts), 
P. cloacicola, and Strigea sp. (both common in P. escu-
lentus). The list does not include B. turgida (rare in both 
hosts), C. commutata (rare in P. esculentus, absent in P. 
ridibundus), D. rastellus (rare in P. ridibundus, absent in 
P. esculentus), G. pagenstecheri (rare in both hosts), and 
O. duboisi (rare in P. esculentus, absent in P. ridibundus). 
Fifteen species from the modified list are common in P. 
esculentus; just S. similis is rare. In P. ridibundus, 12 spe-
cies, including S. similis, are common, G. cygnoides and P. 
cloacicola are rare, O. bialata and Strigea sp. are absent. 
Eleven common species are shared by both hosts. Assem-
blages of common species in the two hosts demonstrated 

much higher similarity: Jaccard index 0.87, Sørensen 
index 0.93.

Trematodes of the family Pleurogenidae had similar 
occurrence in the two hosts: infection prevalence values of 
B. turgida, Pleurogenes claviger, Pleurogenoides medians, 
and Prosotocus confusus in P. esculentus and P. ridibun-
dus were rather close (Table 3). The trematodes of Haema-
toloechidae parasitizing lungs, on the contrary, demonstrated 
obvious differences in their infection of the two hosts. Preva-
lence of H. variegatus in P. esculentus and P. ridibundus was 
almost identical (12.3% and 11.6%, correspondingly), while 
H. asper was significantly more common in P. esculentus 
(33.3% vs. 4.7%). Pelophylax ridibundus harboured S. simi-
lis more often (P = 12.8%) than did P. esculentus (P = 3.5%), 
though the differences in prevalence were not statistically 
significant (Table 3). Besides, the nematode C. ornata and 
the trematodes C. urniger, D. subclavatus, and O. ranae 
showed significantly higher prevalence in P. ridibundus. 
Icosiella neglecta and Acanthocephalus ranae had similar 
prevalence in the two hosts.

In P. esculentus, nine species had the mean abundance 
(MA) of 1 or larger: nematodes C. ornata, I. neglecta, and 
O. bialata; trematodes D. subclavatus, H. asper, P. claviger, 
O. ranae, P. medians, and P. confusus (Table 3). The latter 
species had the highest abundance in this host, MA = 5.37. 
Nine helminths identified as rare based on the prevalence 

Fig. 2  Prevalence (P, %) of 
helminth species found in 
combined sample of the frogs 
Pelophylax esculentus and P. 
ridibundus (N = 143) in north-
ern Ukraine; empty bars cor-
respond to P < 5%; filled bars 
correspond to P > 5%; black 
bars correspond to P > 50%
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values had the lower limit of 95% confidence interval of 
mean abundance equalling 0 (Table 3). In P. ridibundus, 
seven helminth species had the MA ≥ 1: nematodes C. 
ornata and I. neglecta, trematodes P. medians, D. subclava-
tus, P. confusus, C. urniger, and O. ranae (Table 3). The lat-
ter species was the most abundant, with MA = 23.38, while 

in other species the MA was not larger than 8.0. Similarly 
to P. esculentus, in P. ridibundus the list of rare helminth 
species corresponded to the species with 0 as the lower limit 
of 95% confidence interval of mean abundance, except-
ing D. rastellus with P = 3.5 (0.96–9.72)% and MA = 0.09 
(0.01–0.30) (Table 3). Comparison of mean abundance in 

Table 3  Prevalence (95% confidence intervals in parentheses), mean abundance (95% confidence intervals in parentheses), and intensity (shown 
as mean [median] (minimum–maximum)) of helminth species infection in Pelophylax esculentus and P. ridibundus 

Significant differences are marked in bold
a Helminth species common in at least one host species

Helminth species Prevalence, % p Mean abundance p Intensity p

P. esculentus P. ridibundus P. esculentus P. ridibundus P. esculentus P. ridibundus

A. ranaea 12.3 (5.90–23.50) 17.4 (10.50–
27.21)

0.47 0.28 (0.11–0.58) 0.78 (0.40–1.48) 0.10 2.3 [2.0] (1–4) 4.5 [3.0] (1–14) 0.10

A. monticelli 
(mtc)

1.8 (0.09–9.34) 0 – 0.04 (0–0.11) 0 – 2.0 [2.0] (2–2) 0 –

B. turgida 1.8 (0.09–9.34) 1.2 (0.06–6.20) 1.00 0.02 (0–0.05) 0.03 (0–0.10) 0.73 1.0 [1.0] (1–1) 3.0 [3.0] (3–3) 1.00
C. urniger (mtc)a 7.0 (2.44–17.26) 27.9 (19.04–

38.32)
< 0.01 0.77 (0.05–3.19) 7.23 (3.30–19.00) 0.21 11.0 [3.5] (1–36) 25.9 [10.5] 

(1–262)
0.35

C. ornataa 22.8 (13.47–
35.85)

40.7 (30.75–
51.75)

0.03 1.05 (0.51–1.98) 2.23 (1.44–3.70) 0.07 4.6 [4.0] (1–12) 5.5 [3.0] (1–35) 0.59

C. commutata 1.8 (0.09–9.34) 0 – 0.02 (0–0.05) 0 – 1.0 [1.0] (1–1) 0 –
D. subclavatusa 42.1 (29.70–

55.29)
73.3 (62.85–

81.72)
< 0.01 3.00 (1.53–5.44) 4.53 (3.47–6.15) 0.22 7.1 [1.5] (1–41) 6.2 [4.0] (1–36) 0.70

D. rastellus 0 3.5 (0.96–9.72) – 0 0.09 (0.01–0.30) – 0 2.7 [2.0] (1–5) –
E. colubrimuro-

rum (mtc)
3.5 (0.63–12.01) 0 – 0.05 (0.00–0.16) 0 – 1.5 [1.5] (1–2) 0 –

G. cygnoidesa 8.8 (3.53–19.09) 2.3 (0.42–7.97) 0.11 0.14 (0.04–0.32) 0.03 (0–0.12) 0.18 1.6 [1.0] (1–3) 1.5 [1.5] (1–2) 0.90
G. pagenstecheri 3.5 (0.63–12.01) 2.3 (0.42–7.97) 1.00 0.12 (0–0.35) 0.03 (0–0.12) 0.36 3.5 [3.5] (3–4) 1.5 [1.5] (1–2) 0.12
H. aspera 33.3 (21.71–

46.47)
4.7 (1.61–11.45) < 0.01 1.18 (0.67–2.04) 0.10 (0.02–0.23) 0.03 3.5 [2.0] (1–13) 2.2 [2.0] (2–3) 0.16

H. variegatusa 12.3 (5.90–23.50) 11.6 (6.21–20.22) 1.00 0.65 (0.11–2.54) 0.45 (0.19–0.93) 0.70 5.3 [1.0] (1–28) 3.9 [3.0] (1–12) 0.67
I. neglectaa 52.6 (39.41–

65.58)
40.7 (30.75–

51.75)
0.17 1.42 (0.95–2.02) 2.26 (1.49–3.40) 0.14 2.7 [2.0] (1–9) 5.5 [4.0] (1–24) 0.01

O. ranaea 33.3 (21.71–
46.47)

70.9 (60.51–
79.77)

< 0.01 4.56 (2.32–8.18) 23.38 (14.98–
40.19)

0.03 13.7 [5.0] (1–50) 33.0 [11.0] 
(1–372)

0.05

O. bialataa 29.8 (19.10–
42.94)

0 – 1.04 (0.60–1.77) 0 – 3.5 [3.0] (1–13) 0 –

O. duboisi 1.8 (0.09–9.34) 0 – 0.04 (0.00–0.11) 0 – 2.0 [2.0] (2–2) 0 –
P. cloacicola 

(mtc)a
8.8 (3.53–19.09) 2.3 (0.42–7.97) 0.11 0.18 (0.05–0.46) 0.06 (0–0.17) 0.32 2.0 [1.0] (1–5) 2.5 [2.5] (2–3) 0.66

P. clavigera 29.8 (19.10–
42.94)

33.7 (24.32–
44.74)

1.00 1.30 (0.58–2.65) 0.97 (0.62–1.47) 0.55 4.4 [2.0] (1–19) 2.9 [2.0] (1–10) 0.34

P. mediansa 24.6 (14.65–
37.63)

26.7 (18.28–
37.15)

1.00 2.54 (1.11–5.65) 2.10 (0.90–5.40) 0.78 10.4 [2.5] (1–44) 7.9 [3.0] (1–78) 0.63

P. confususa 40.4 (27.91–
53.52)

45.3 (34.82–
56.19)

1.00 5.37 (3.18–8.84) 5.57 (3.64–8.91) 0.92 13.3 [7.0] (1–57) 12.3 [6.0] (1–82) 0.79

S. similisa 3.5 (0.63–12.01) 12.8 (6.90–21.41) 0.07 0.04 (0–0.09) 0.34 (0.15–0.66) 0.06 1.0 [1.0] (1–1) 2.6 [2.0] (1–8) 0.10
Spirurida gen. sp. 

1 (L3)
1.8 (0.09–9.34) 0 – 0.11 (0–0.32) 0 – 6.0 [6.0] (6–6) 0 –

Spirurida gen. sp. 
2 (L3)

0 1.2 (0.06–6.20) – 0 0.02 (0–0.07) – 0 2.0 [2.0] (2–2) –

Strigea sp. (mtc)a 10.5 (4.69–21.70) 0 – 0.61 (0.12–1.67) 0 – 5.8 [2.5] (1–15) 0 –
Strigeida gen. sp. 

1 (mtc)
0 2.3 (0.42–7.97) – 0 0.03 (0–0.10) – 0 1.5 [1.5] (1–2) –

Strigeida gen. sp. 
2 (mtc)

1.8 (0.09–9.34) 1.2 (0.06–6.20) 1.00 0.02 (0–0.05) 0.01 (0–0.03) 0.81 1.0 [1.0] (1–1) 1.0 [1.0] (1–1) 1.00
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helminths shared by the two hosts showed fewer differences 
than the prevalence comparison. All pleurogenid trematodes 
and H. variegatus had similar MA in both hosts (Table 3). 
The abundance of A. ranae, C. ornata, and S. similis was 
larger in P. ridibundus, though the differences were not sig-
nificant. Only H. asper appeared to be significantly more 
abundant in P. esculentus, while O. ranae was significantly 
more abundant in P. ridibundus. Interestingly, the MA of D. 
subclavatus was similar in the two hosts, despite the preva-
lence of this species was significantly larger in P. ridibundus 
(Tables 3).

In both hosts, five trematode species, namely D. subclava-
tus, P. medians, C. urniger, P. confusus, and O. ranae had the 
largest values of mean and maximum intensity of infection 
(Table 3). Most helminth species shared by the two hosts 
infected P. ridibundus with higher intensity values, except 
for D. subclavatus, Gorgodera spp., Haematoloechus spp., 
P. cloacicola, and P. claviger which reached higher inten-
sity in P. esculentus. However, the bootstrap t-test showed 
significant differences (p = 0.01) in mean infection inten-
sity only for I. neglecta (Table 3). The difference in mean 
intensity of O. ranae was close to significant (p = 0.0545). 
The latter species reached impressive values of infection 
intensity of more than 150 specimens in P. ridibundus from 
separate localities. Most specimens of O. ranae recovered 
from heavily infected frogs were immature, irrespective of 
the season of collection.

Helminth Infracommunities

Species richness in helminth infracommunities of P. escu-
lentus and P. ridibundus was notably similar and ranged 
from 1 to 10 species per host individual in both hosts. Mean 
number of species per host individual was slightly larger in 
P. esculentus (4.3 species) than that in P. ridibundus (4.2 
species), while the median number was identical (4.0 spe-
cies in both hosts). Mann–Whitney U test confirmed the 
similarity of helminth infracommunities’ species richness 
in the two hosts (U = 2156; z = − 0.1647; p = 0.869). Species 
richness in the infracommunities correlated with frog size 
(SVL) in both hosts; Spearman’s correlation coefficient was 
0.35 (p = 0.016) in P. esculentus and 0.43 (p < 0.01) in P. 
ridibundus. The frequency distribution of helminth species 
richness was generally similar in the two hosts (Fig. 3); how-
ever, comparatively less P. esculentus individuals (5 frogs, 
9.8%) harboured four helminth species, an average number 
of species in the infracommunities, while in P. ridibundus 
an average number of helminth species was observed in the 
largest number of host individuals (22 frogs, 25.6%).

General abundance in the helminth infracommunities 
appeared to be significantly different in the two hosts. On aver-
age, we found approximately twice more helminth specimens 
in one P. ridibundus (50.3) compared to one P. esculentus 

(27.4). Moreover, in P. ridibundus the helminth abundance 
reached a maximum of 384 specimens in one frog, while in P. 
esculentus the maximum was 150 specimens. Mann–Whitney 
U test confirmed the differences in abundance of the helminth 
infracommunities in the two hosts (U = 1618; z =− 2.5588; 
p = 0.010). A weak but significant correlation between the 
host size (SVL) and the number of helminth specimens was 
confirmed by Spearman’s correlation coefficient, both in P. 
esculentus (rs =  0.44; p = 0.002) and in P. ridibundus (rs = 
0.29; p = 0.011).

Analysis of Bray–Curtis similarities among infracommuni-
ties was visualised on the nMDS plots (Fig. 4). Noticeable is 
the large overlap in species composition between the helminth 
infracommunities of P. esculentus and P. ridibundus. On the 
other hand, specimens of P. esculentus tend to be more numer-
ous in the upper part of the plot, while P. ridibundus specimens 
form a somewhat denser cloud in the lower part. Generally, 
the specimens of P. esculentus are more scattered on the plot 
suggesting larger overall differences between the helminth 
infracommunities in this host.

Interspecific differences in the composition of helminth 
infracommunities in two hosts appeared to be statistically sig-
nificant and just slightly larger than intraspecific differences 
(ANOSIM R = 0.194, p < 0.001). Based on the SIMPER analy-
sis, six species of helminths were found to contribute most 
(cumulative contribution 73.7%) into the dissimilarity: O. 
ranae (24.9%), P. confusus (14.9%), D. subclavatus (11.7%), 
C. urniger (8.2%), I. neglecta (7.4%), and C. ornata (6.6%).

Fig. 3  Frequency distribution of species richness in helminth infra-
communities of the frogs Pelophylax esculentus and P. ridibundus in 
northern Ukraine
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Discussion

The present study is the first report on the helminth infection 
in P. esculentus and an update of the information about the 
helminths of P. ridibundus in northern Ukraine. Previous 
surveys of the helminth fauna of amphibians in this region 
and neighbouring territories [28, 29, 48] did not mention 
P. esculentus among the studied hosts. In those studies, the 
individuals of hybrids presumably were assigned to either 
or both of the parental species. In the present study, we did 
not find the monogenean Polystoma integerrimum (Fröhlich, 
1798), the nematode Rhabdias bufonis (Schrank, 1788), and 
the cestode Nematotaenia dispar (Goeze, 1782) reported by 
Mazurmovich [29] as rare parasites of P. ridibundus col-
lected in the city of Kyiv and Cherkaska Oblast in central 
Ukraine.

We recorded a considerably higher occurrence of I. 
neglecta (P = 45.5% in a combined sample of frogs) com-
pared to that in previous studies. Mazurmovich [29] found I. 
neglecta in just 3.0% of P. ridibundus, Maguza [28] did not 
find I. neglecta in P. ridibundus, but reported one out of 93 
"pond frogs" (likely a mixture of P. lessonae and P. esculen-
tus) infected with two specimens of this nematode. Icosiella 
neglecta is absent in the list of parasites of amphibians in 
Belarus published by Shimalov [48]. This nematode uses the 
dipteran Forcipomyia velox (Winnertz) (Ceratopogonidae) 
as the intermediate host and vector in its transmission [11, 
12]. The more frequent occurrence of I. neglecta nowadays 

is possibly related to the growing occurrence of F. velox in 
the region. In our opinion, the vector might have become 
more common in northern Ukraine during the last decades 
due to the changing climate. This assumption apparently 
needs a separate investigation.

High diversity and occurrence of trematodes in Pelophy-
lax spp. was recorded in all previous surveys and confirmed 
in our study: 70% of helminth species belonged to this 
taxonomic group. Heteroxenous helminths A. ranae and I. 
neglecta were also quite common in helminth assemblages 
of Pelophylax spp. These data contradict the statement of 
Aho [1] on the predomination of monoxenous species in 
helminth communities of amphibians and reptiles in gen-
eral. Apparently, the diversity of heteroxenous parasites in 
Pelophylax spp. is related to the semi-aquatic mode of life 
of these amphibians. On the other hand, such a lifestyle pos-
sibly reduces the diversity of monoxenous parasites. In the 
present study, we found only nematodes of the genera Cos-
mocerca (2 species) and Oswaldocruzia (2 species) which 
have direct life cycles, whereas all other helminths use one 
(A. ranae, I. neglecta, D. subclavatus) or two intermediate 
hosts in their transmission.

One third of the helminth species found in P. ridibun-
dus and P. esculentus in the present study were represented 
only by larval stages; they are known to use amphibians as 
intermediate or paratenic hosts (Table 2). Definitive hosts of 
C. urniger are birds of the Ardeidae, mainly bitterns Botau-
rus stellaris (Linnaeus) and Ixobrychus minutus (Linnaeus) 

Fig. 4  Two-dimensional (a) and three-dimensional (b) view of nMDS distribution of helminth infracommunities from the frogs Pelophylax 
esculentus and P. ridibundus based on Bray–Curtis similarity in species composition
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[24, 37]. Adults of A. monticelli, E. colubrimurorum, and 
P. cloacicola parasitize snakes, mostly Natrix spp. [24, 46]. 
Unidentified larval trematodes of the order Strigeida and 
nematodes of the Spirurida presumably use birds as defini-
tive hosts. Diversity of heteroxenous adult and larval hel-
minths in Pelophylax spp. evidences active involvement of 
these amphibians in trophic chains and their important role 
in biocenoses.

In the present study, somewhat higher helminth species 
richness was observed in P. esculentus (24 species in total) 
compared to that in P. ridibundus (20 species in total). This 
difference may be partly explained by different types of 
collection localities. Pelophylax esculentus was collected 
mostly in natural biotopes, including the nature protected 
areas, whereas at least some samples of P. ridibundus were 
collected in urbanised territories (see Table 1). This dis-
tinction, however, corresponds to the occurrence of the two 
hosts in northern Ukraine: it is P. ridibundus that is more 
tolerant of the urbanisation. In contrast to P. esculentus and 
P. lessonae, this species is able to live permanently in water 
bodies and, therefore, is less demanding to the conditions of 
terrestrial biotopes [33].

The similarly larger number of helminth species in P. 
esculentus than that in P. ridibundus, six versus five, was 
reported by Popiołek et al. [40], who studied helminths of 
Pelophylax esculentus complex in three localities in Poland. 
Interestingly, Rezvantseva et al. [43] found the same num-
ber of helminth species in P. esculentus and P. ridibundus 
collected in one locality in Kharkivska Oblast (eastern 
Ukraine). Each host harboured 15 species out of 18 spe-
cies found in total; 12 species were shared by both hosts. 
On the other hand, Herczeg et al. [20] found eight species 
of helminths in P. ridibundus and five species in P. escu-
lentus from the Hortobágy National Park in Hungary. Chi-
hlaev et al. [6] reported as many as 23 helminth species in 
P. ridibundus and only eight species in P. esculentus from 
urbanised territories in the Volga River Basin in Russia, and 
Rezvantseva [42] found 26 species in P. ridibundus and 15 
species in P. esculentus from Voronezh Region of Russia.

Comparison of the helminth assemblages of two hosts 
in the present study showed differences in species compo-
sition: seven species were found only in P. esculentus and 
three species were unique for P. ridibundus. Of these 10 
species, four were parasitic on adult stages: the nematodes 
C. commutata, O. bialata, O. duboisi, and the trematode 
D. rastellus. All species except O. bialata were found in 
one or two host individuals; therefore they did not contrib-
ute to significant differences between the helminth assem-
blages. Oswaldocruzia bialata was found in P. esculen-
tus in four localities (Table 2) with a general prevalence 
of 29.8%. This species is known to parasitize ranid and 
bufonid hosts in Europe [14],in Ukraine, it is more com-
mon in Rana spp., however, it has been already recorded 

in P. esculentus from north-western Ukraine, in Volyn 
Oblast [26, 51]. Therefore, O. bialata may be considered 
as specific to P. esculentus rather than to P. ridibundus, 
at least in the studied region. Oswaldocruzia duboisi has 
a wide range of hosts, though its distribution in Ukraine 
is scattered [50]. In the present study it was found in one 
P. esculentus from the Desna locality. Cosmocerca com-
mutata and D. rastellus are known as occasional parasites 
of Pelophylax spp.; the former species is more common in 
Bufonidae, the latter one occurs mostly in Bombina spp. 
and Rana spp. [7, 45, 47].

In the present study, metacercariae of Strigea sp. were the 
only larval parasites common in P. esculentus (P = 10.5%) 
and absent in P. ridibundus. We consider this difference as 
related rather to the presence of the definitive hosts: owls 
and birds of prey [24] in the localities where P. esculentus 
was collected, and their absence or rareness in the collection 
localities of P. ridibundus. Larval Strigea spp. were reported 
in P. ridibundus in a number of other studies [6, 24, 28, 42, 
43, 45].

Some of the helminth species found in both P. esculentus 
and P. ridibundus in the present study differed in their infec-
tion parameters across the studied hosts. Those differences 
were verified statistically and might be interpreted as the 
preferences to either of the hosts. Based on the prevalence 
values, C. urniger, C. ornata, D. subclavatus, and O. ranae 
were more specific to P. ridibundus, whereas H. asper was 
significantly more common in P. esculentus (see Table 3). 
This observation, however, does not suggest whether the dif-
ferences in the infection prevalence are due to the host reac-
tion to a parasite, host ecology and behaviour, or because of 
other reasons, e. g. occurrence and density of intermediate 
hosts in the biotopes preferred by one or another frog spe-
cies. Higher abundance of some helminths in P. ridibundus 
(e. g., O. ranae, A. ranae, I. neglecta) may be also due to the 
ability of this host to harbour comparatively more helminth 
individuals. On the other hand, significantly higher mean 
abundance and intensity of H. asper in P. esculentus con-
firms, in our opinion, its preference to this host. Similarly 
higher prevalence and abundance of H. asper in P. escu-
lentus compared to those in P. ridibundus were observed in 
eastern Ukraine and Voronezh Region of Russia, though the 
differences were not significant [42, 43].

Among the 11 helminth species which were common in 
both hosts (see Table 3), five appeared to have a similar prev-
alence of infection in each of the hosts: the acanthocephalan 
A. ranae, the nematode I. neglecta, and the trematodes H. 
variegatus, P. claviger, P. medians, and P. confusus. Inter-
estingly, the intestinal helminths A. ranae, P. claviger, P. 
medians, and P. confusus are all generalists infecting various 
amphibian hosts, whereas the lung fluke H. variegatus and 
the muscle-dwelling nematode I. neglecta are both parasitic 
mainly in Pelophylax spp. [3, 27, 45, 47].
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At the infracommunity level, individuals of both hosts 
appeared to harbour an almost equal number of helminth 
species. On the other hand, P. ridibundus was able to accom-
modate twice more helminth specimens compared to P. 
esculentus (50.3 vs. 27.4 on average), and this difference 
was statistically significant. Mazurmovich [29] recorded 
similar values of species richness and abundance in helminth 
infracommunities of P. ridibundus: from 1 to 10 species and 
51.8 specimens on average. Greater abundance in helminth 
infracommunities of P. ridibundus compared to P. esculen-
tus may be partially due to the larger size of the examined 
frogs of the former species. On the other hand, correlation 
between the host body size and the helminth abundance was 
found to be rather weak (rs = 0.29 in P. ridibundus), appar-
ently due to the influence of the helminths’ aggregated dis-
tribution in host populations. Therefore, other factors might 
contribute to the difference in helminth abundance in the 
infracommunities from the two hosts.

Hamann et al. [16–18] described the frequency distribu-
tion of the species richness in helminth infracommunities 
of several amphibian species in South America and found it 
close to Poisson distribution pattern. In our study, the fre-
quency distribution of the species richness in the helminth 
infracommunities in P. ridibundus had a similar shape, while 
that in P. esculentus was found to be surprisingly different 
(Fig. 3). Four species of helminths (the average species rich-
ness) were found in a smaller proportion of hosts (9.8%) than 
one (11.8%), three (23.5%), five (17.6%), or six (11.8%) spe-
cies (Fig. 3). In our opinion, this abnormality of frequency 
distribution may be caused by heterogeneity of helminth 
assemblage in the whole studied sample of P. esculentus 
and, likely, of helminth assemblages in P. esculentus in gen-
eral. This assumption may be verified by future investigation 
and comparison of species richness in larger samples of P. 
esculentus from separate localities.

Larger space occupied by P. esculentus individuals on 
the nMDS plots (Fig. 4) corroborate the larger intraspecific 
differences of the helminth infracommunities in this host 
compared to P. ridibundus. These differences likely reflect 
the heterogeneity of helminth assemblages in P. esculen-
tus, as well. On the other hand, the interspecific differences 
between the helminth infracommunities of the two hosts, 
though rather small (ANOSIM R = 0.194), were statistically 
significant. SIMPER analysis named six species with the 
highest contribution to the dissimilarity. Interestingly, five 
of them showed significant differences of the prevalence (O. 
ranae, D. subclavatus, C. urniger, C. ornata) or intensity (I. 
neglecta), whereas P. confusus had quite similar parameters 
of infection in P. esculentus and P. ridibundus (Table 3). In 
our opinion, the detailed comparison of helminth infection 
in separate hosts is effective if includes the comparison of 
helminth species and their parameters of infection, as well 
as the comparison of helminth infracommunities.
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