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A Survey of Helminths of the Marsh Frog, Pelophylax ridibundus (Amphibia, Ranidae)
and the First Record of Ophiotaenia saphena (Cestoda, Proteocephalidae) in the Ukrain-
ian Part of the Danube Delta. Greben, O., Syrota, Ya., Dmytrieva, I., Nechai, A., Dupak, V.,
Marushchak O., Kuzmin, Yu. & Svitin, R. — In 23 examined marsh frogs, Pelophylax ridib-
undus, from the town of Vylkove (Odesa Region, Ukraine), 25 helminth species were found.
Helminth infracommunities in the studied frogs comprised 3-14 species (mean 9.4; median
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10.0) and intensity of infection ranged from 20-351 (mean 151; median 155). Six helminth
species were classified as predominating in the helminth component community based on
their prevalence and abundance: the nematode Oswaldocruzia duboisi, the cestode Ophio-
taenia saphena, the trematodes Diplodiscus subclavatus, Prosotocus confusus, Pleurogenoides
medians, and Tylodelphys excavata (metacercariae). The nematodes Icosiella neglecta and
Oswaldocruzia duboisi and the cestode Ophiotaenia saphena are reported for the first time in
marsh frogs from Vylkove. The latter species is known as a parasite of true frogs (Ranidae)
in North America and was recently discovered in Pelophylax spp. in Greece and Romania.
It is first reported in Ukraine and is regarded as an invasive alien parasite of P. ridibundus
in the Ukrainian part of the Danube Delta. The morphological description and molecular
characterisation of O. saphena from the new locality are provided.

Key words: helminths, frogs, Ophiotaenia, helminth community, Danube, Ukraine.

Introduction

Parasites and parasite communities are an essential part of any natural ecosystem,
influencing the overall community structure (Hudson et al., 2006). Healthy eco-
systems are expected to be rich in parasites; therefore, parasite diversity may be
used as an indicator of ecosystem health (Marcogliese, 2005; Hudson et al., 2006),
while the diversity within a parasite community may be indicative of the state of a
particular host population. Amphibians often harbour a variety of parasites. It is
known that many parasites, including helminths, use amphibians as definitive or
intermediate hosts due to their intermediate position in the food webs of both
aquatic and terrestrial ecosystems (Koprivnikar et al., 2012). Therefore, investiga-
tion of helminth communities in separate populations of amphibians may provide
useful information on both the state of the host populations and the entire ecosys-
tem community.

Pelophylax ridibundus (Pallas, 1771) is the most widespread species of amphibi-
ans in Ukraine, inhabiting all natural zones, except for high mountain areas in the
Carpathians and Crimea (Shcherbak & Shcherban, 1980; Pysanets, 2007). The spe-
cies prefers almost any type of water body, especially those situated in open areas,
and is often found along the shoreline of rivers, lakes, ponds, ditches, and canals. It
avoids wetlands and small bodies of water with stagnant water, except when the lat-
ter are located in close proximity to larger bodies of water. It is rarely found on land
far from water bodies, except during daily migrations and movements between wa-
ter bodies (Kotenko, 1999; Nekrasova, 2002). Within the area of the Danube Delta,
three population systems of water frogs are known as consisting of only P. ridibundus
(R), consisting of P. ridibundus and P. esculentus (Linnaeus, 1758) (RE), and
consisting of P. ridibundus, P. esculentus and P. lessonae (Camerano, 1882) (REL).
The marsh frog P. ridibundus is the dominant species and its local range expanding
accidentally in response to changes (seasonal, historical) in the river (Nekrasova &
Morozov-Leonov, 2012). The marsh frog is not only the most numerous amphibian
within the fresh water bodies of the Danube Delta (Kotenko, 1999; Nekrasova &
Morozov-Leonov, 2012, Vasyliuk et al., 2022), but it also has the biggest biomass
(Torok, 2002), with population density ranging from 5 to 57 individuals per 100 m?
depending on the habitat type and peculiarities of the vegetation cover of the inhab-
ited water bodies (Torok, 2014).
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In Ukraine, helminths of Pelophylax spp. and other amphibians have been widely
studied, predominantly in the northern part of the country (Mazurmovich, 1951; Magu-
za, 1972; Kuzmin et al., 2020). The only report on the helminth parasites of anurans from
south-western Ukraine and the Danube Delta in particular, is the paper by Volgar-Pas-
tukhova (1959), which is based on material collected between 1946 and 1948. The author
identified 34 helminth species collected from 206 adult P. ridibundus from two localities,
including the town of Vylkove (Odesa Region). Seventeen species (50% of the total num-
ber) were found in their larval stages; this fact evidenced the important role of marsh
frogs in helminth transmission in the Danube Delta ecosystem.

In July 2023, we collected 23 individuals of P. ridibundus in Vylkove and investi-
gated the helminth parasites in the collected sample. In addition to the helminth
species known as rather common parasites of this host, we identified the cestode
Ophiotaenia saphena Osler, 1931, known as a parasite of Rana clamitans Latreille,
1801 and R. catesbeiana (Shaw, 1802) in North America (Scholz et al., 2023) and re-
cently reported from Pelophylax spp. in two localities in Greece and one locality in
Romania (de Chambrier et al., 2025). Identification of the species was confirmed by
morphological studies and the analysis of its COX1 gene sequence.

The present study aimed to characterise the current composition and structure
of the helminth community of P. ridibundus from the Ukrainian part of the Danube
Delta (the town of Vylkove, Odesa Region) and to describe the cestode O. saphena
based on a sample collected from a new locality.

Materials and Methods

Frogs were collected in a small creek near its confluence with the main stream of the
Danube river (coordinates: 45° 24' 02.9" N 29° 34' 44.1" E). Collecting was performed
at night using a small fishing net or manually. The gathered frogs were transported
to the laboratory of the Department of Parasitology of the Institute of Zoology in
Kyiv, Ukraine. For transportation, frogs were placed in two large plastic containers
with a sufficient amount of water and some aquatic vegetation from the collection
site. In the laboratory, the frogs were measured and then euthanised by lidocaine
injection into the spinal cord, then autopsied and examined. The frog sample con-
sisted of six adult females and 17 adult males. The snout-vent length of the frogs was
72 +5.9SD (63-86) mm.

Collected trematodes, cestodes and nematodes were washed in saline and fixed
in hot 70% alcohol. Acanthocephalans were placed in distilled water and kept there
for 2-24 hours until complete evagination of the proboscis and relaxation of the
trunk. Thereafter, they were fixed in 70% alcohol. Encysted juvenile stages of hel-
minths were extracted from the cysts with thin needles and fixed in hot 70% alcohol.
Nematodes, acanthocephalans and trematodes were cleared in lactophenol (a mix-
ture of equal volume parts of glycerine, phenol, water, and lactic acid) for 0.5-
4 hours. Thereafter, they were examined and identified using a compound light mi-
croscope (AmScope T690B).

Adult cestodes and plerocercoids were stained with iron acetocarmine (Georgiev
etal,, 1986), dehydrated in an ascending alcohol series, cleared in clove oil and mount-
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ed in Canada balsam. The morphology of O. saphena was investigated under a Zeiss
Axiolmager M1 microscope equipped with DIC and a digital imaging system.

A partial COX1 gene sequence was obtained from an adult tapeworm specimen
preserved in 96% alcohol. Total genomic DNA was isolated using the GeneJET
Genomic DNA Purification Kit (Thermo Fisher Scientific) according to the manu-
facturer’s instructions. A ~700 bp region of the COX1 gene was amplified using the
forward primer DicelF (ATTAACCCTCACTAAATTWCNTTRGATCATAAG)
and the reverse primer Dicel4R (TAATACGACTCACTATACCHACMRTAAA-
CATATGATG) (van Steenkiste et al., 2015). Thermal cycling included an initial de-
naturation at 94 °C for 4 min, followed by 35 cycles of denaturation at 94 °C for 40 s,
annealing at 51 °C for 40 s, and extension at 72 °C for 1 min, with a final extension at
72 °C for 10 min. Amplicons were purified using the ExpinTM Combo GP kit (Ge-
neAll, Biotechnology, South Korea) and sent to Sanger sequencing at the Faculty of
Natural Sciences, Comenius University, Bratislava, Slovakia. Chromatograms were
assembled and edited in Geneious Prime 2025.0.3 (Biomatters, Auckland, New Zea-
land; https://geneious.com). Subsequent analyses included the newly obtained par-
tial COX1 sequence and nine additional sequences of Ophiotaenia saphena obtained
from GenBank (Table 1). These nine sequences represent all publicly available COX1
gene sequences for this species at the time of the study. All sequences were aligned
and trimmed using Geneious Prime. The alignment was then visualised as a haplo-
type network using the R programming language (R Core Team, 2024), specifically
the “ape” (Paradis & Schliep, 2019) and “pegas” (Paradis, 2010) packages.

For each helminth species, prevalence (P), intensity of infection (I), and total (A) and
mean (MA) abundance were calculated as defined by Bush et al. (1997). Additionally, the
relative abundance (RA) of each species was calculated as the percentage of its specimens
in the whole sample of helminths. The dispersion index (DI) was calculated as the variance
to mean ratio following the recommendations of Rozsa et al. (2000). Confidence intervals
of prevalence and mean abundance were calculated using the Quantitative Parasitology
3.0 software (Rozsa et al., 2000). The diversity indices and the estimated species richness
(based on Chaol, jackknife, and bootstrap methods) in the helminth component commu-
nity were calculated in PRIMER 6 software (Clarke & Gorley, 2006).

Table 1. COX1 gene sequences of Ophiotaenia saphena from GenBank used
for comparison and construction of the haplotype network

Host species Geogr.a;.)hical GenBank Reference
origin number
Pelophylax epeiroticus Greece PQ438704 Chambrier et al. (2025)
Pelophylax ridibundus Romania  PQ438705 Chambrier et al. (2025)
Pelophylax ridibundus Romania PQ438706 Chambrier et al. (2025)
Pelophylax ridibundus Romania PQ438707 Chambrier et al. (2025)
Lithobates (=Rana) clamitans USA 0Q200060 Scholz et al. (2023)
Lithobates (=Rana) clamitans USA 0Q200061 Scholz et al. (2023)
Lithobates (=Rana) clamitans USA 0Q200062 Scholz et al. (2023)
Lithobates (=Rana) clamitans USA 0Q200063 Scholz et al. (2023)
Lithobates (=Rana) clamitans USA 0Q200063 Scholz et al. (2023)
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Results

Helminth species and communities

In the examined frog sample, we found 25 helminth species (Table 2), including 18 spe-
cies of trematodes, one cestode species, five species of nematodes, and one acanthoceph-
alan species. Eight species of trematodes were represented by metacercariae; the rest of
the helminth species were in the adult stage. Adult trematodes were observed mostly in
the intestinal lumen but also in the intestinal wall (B. turgida (Brandes, 1888)), stomach
(H. ovocaudatus Vulpian, 1859), lungs (H. variegatus (Rudolphi, 1819) and S. similis
(Looss, 1899)), urinary bladder (G. varsoviensis Sinitzin, 1905), and rectum (D. subclava-
tus (Pallas, 1760)). The majority of encysted trematode metacercariae were found at-
tached to the internal organs and rarely in the muscles (C. urniger (Rudolphi, 1819)).
Motile metacercariae of T. excavata (Rudolphi, 1819) and several encysted C. urniger
were observed in the spinal canal. The cestode O. saphena Osler, 1931 (adult worms)
dwelled in the intestine, and the posterior part of the strobila sometimes reached the
rectum; procercoids and plerocercoids of the species were found embedded into the
muscles of the intestinal wall closer to its inner surface. The nematodes C. ornata (Dujar-
din, 1845), N. schneideri (Travassos, 1931), and O. duboisi Ben Slimane, Durette-Desset
et Chabaud, 1993 inhabited the intestine; I. neglecta (Diesing, 1851) was found in the
muscles of the legs and throat; two specimens of R. esculentarum Cipriani, Mattiucci,
Paoletti, Santoro et Nascetti, 2012 parasitised the lungs of one frog individual.

All the examined frogs were found to be infected with helminths. Helminth in-
fracommunities included 3-14 species (mean 9.4; median 10.0) and intensity of in-
fection ranged from 20-351 (mean 151; median 155). In the helminth component
community, the estimated species richness reached 26 (Chaol), 30 (Jackknifel), or
27 (bootstrap) species. The Margalef’s index of species richness was 2.9.

In the studied sample, seven helminth species had a prevalence (P) of about 70%
or higher and thus predominated by their occurrence in the host: the nematode
O. duboisi (P = 91.3%); the trematodes D. subclavatus (P = 91.3%), Pleurogenoides me-
dians (Olsson, 1876) (87.0%), Prosotocus confusus (Looss, 1894) (P = 78.3%), and
T. excavata (P = 69.6%); the cestode O. saphena (P = 78.3%); and the acanthocephalan
Acanthocephalus ranae (Schrank, 1788) (P = 82.6%) (Table 2, Fig. 1). Four other spe-
cies were common in the sample, each infecting more than a third of examined frogs:
the nematode C. ornata (P = 52.2%), and the trematodes Strigea sphaerula Rudolphi,
1803) (P = 43.5%), H. ovocaudatus (P = 39.1%), and Astiotrema monticelli Stossich,
1904 (P =39.1%). The prevalence of five species ranged from 20% to 30%: the nema-
tode I. neglecta (P = 26.1%), and the trematodes Pleurogenes claviger (Rudolphi, 1819)
(P = 26.1%), Paralepoderma cloacicola (Luhe, 1909) (P = 26.1%), H. variegatus
(P = 26.1%), and Opisthioglyphe ranae (Froelich, 1791) (P = 21.7%). The remaining
nine species each infected a single host (B. turgida, Encyclometra colubrimurorum (Ru-
dolphi, 1819), N. schneideri, R. esculentarum, S. similis), two hosts (Echinostomatidae
gen. sp., Gorgodera varsoviensis Sinitzin, 1905), or three hosts (C. urniger, N. attenua-
tum) (Fig. 1). They all are classified as rare (statistically uncertain) species, for the low-
er value of the confidence intervals of their prevalence was less than 4.3% (the preva-
lence that reflects one infected host individual), and the lower value of the confidence
intervals of their mean abundance was 0 (except for N. attenuatum) (Table 2).
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Fig. 1. Prevalence (%) of helminth species in the studied sample of Pelo-
phylax ridibundus

Fourteen helminth species in the sample had a relative abundance (RA) of 1% or high-
er (Fig. 2); eight had a relative abundance higher than 5%: P. medians (RA=25.0%), T exca-
vata (RA =18.7%), P. confusus (RA =9.8%), O. duboisi (RA =7.7%), S. sphaerula (RA =7.3%),
D. subclavatus (RA = 7.2%), O. saphena (RA = 5.8%), and N. attenuatum (RA = 5.2%).
Three trematode species, namely P. medians, T. excavata, and P. confusus, constituted more
than 50% of the total count of helminths in the sample. Considering both the prevalence
and abundance of helminth species in the sample, six of them were classified as predomi-
nating in the helminth component community: the nematode O. duboisi, the cestode
O. saphena, the trematodes D. subclavatus, P. confusus, P. medians, and T. excavata.

The diversity indices in the helminth community were the following: Shannon
diversity index 2.36; Simpson’s diversity index (1-A) 0.87; Pielou evenness 0.73; Ber-
ger-Parker dominance 0.25.

Description of Ophiotaenia saphena (Figs 3-5)

Class: Cestoda
Order: Proteocephalidea
Family: Proteocephalidae

Ophiotaenia saphena Osler, 1931

Host: Marsh frog Pelophylax ridibundus (Pallas, 1771)

Site in host: Intestine lumen, intestinal wall

Locality: Danube River, Vylkove, Odeska Oblast, Ukraine; coordinates: 45°24' 02.9" N
29°34'44.1"E
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T. excavata (mtc)

P. confusus

S. sphaerula (mtc)

Other species (RA<1%
C. urniger (mtc)

P, cloacicola (mt
A. ranae

N. attenuatum (mtc)
H. ovocaudatus

Echinostomatidae
gen.sp. (mtc

Fig. 2. Relative abundance of helminth species in the studied sample of
Pelophylax ridibundus

Prevalence: 78.3%.

Intensity of infection: 1-62 (mean 11.2).

Material deposited in the collection of the Department of Parasitology of the Institute
of Zoology NAS of Ukraine (IZSHK) under accession numbers: CA001.01; CA001.2;
CA001.3; CA001.4; CA001.5; CA001.6; CA001.7; CA001.8; CA001.9; CA001.10;
CA001.11; CA001.12; CA001.13; CA001.14.; CA001.5; CA001.16; CA001.17.

Description (based on nine specimens; all measurements are in micrometres
unless otherwise indicated). Large cestodes. Strobila delicate. Total length of mature
specimens up to 168-208 mm, with maximum width 1.24-1.44 mm at level of gravid
proglottids. Immature proglottids wider than long, length/width ratio 0.45-0.60
(Fig. 3, b); mature and pregravid proglottids wider than long to longer than wide,
length/width ratio 0.65-1.75 (Fig. 3, c); gravid proglottids longer than wide, length/
width ratio 1.20-2.70 (Fig. 3, d).

Scolex oval, 245-415 x 320-475 (mean 343 x 418, n=9), without rostellum. Four cup-
shaped suckers 170-240 x 170-240 (mean 207 x 183, n = 36), slightly muscular, unarmed. Api-
cal organ not visible. Width of neck varying from 110 to 340 (mean 261, n = 10) (Fig. 3, a).

Genital pores irregularly alternating. Ratio of distance of genital pore from anterior
margin of proglottid to proglottid length 14-27%. Two pairs of osmoregulatory canals,
ventral canals wide, 25-45 in diameter; dorsal canals narrow, 5-7 in diameter, situated at
same level as ventral canals. Testes in two lateral fields. Some testes overlapping vitelline
follicles. Number of testes varying from 84 to 158 (mean 109, n = 30), testis size 40-
65 x 35-55 (mean 55 x 45, n = 40). Vas deference forming loops from proximal end of
cirrus-sac to median line of proglottid. Thick-walled cirrus-sac elongated, 115-290 x 75-
130 (mean 197 x 95, n = 40), opening into shallow genital atrium (Fig. 3, f). Ratio of cir-
rus-sac length to proglottid width 15-29%. Invaginated cirrus forming loops in cirrus-sac.
Evaginated cirrus cylindrical, unarmed, 200-380 x 35-60 (mean 268 x47, n = 6) (Fig. 3, e).
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Ovary large, bilobed and broader laterally, 405-830 (mean 617, n = 30) wide, located
in posterior part of proglottid. Ratio of ovary width to proglottid width 71-84%. Mehlis’
gland irregular in shape, slightly knobbly, 115-165 x 50-90 (mean 139x73, n = 30), lo-
cated posterior to centre of ovary. Ratio of Mehlis’ gland width to proglottid width 13-
25%. Vitelline follicles in two longitudinal bands in lateral fields of proglottid, outside

Fig. 3. Ophiotaenia saphena from Pelophylax ridibundus. a — scolex; b — immature proglottids;
¢ — mature proglottids; d — gravid proglottid; e — evaginated cirrus; f — terminal genitalia

0.5 mm

S 02mm

Fig. 4. Ophiotaenia saphena from Pelophylax ridibundus. a — gravid proglottid, normal mor-
phology; b — gravid proglottid with spherical protrusion of the uterus; ¢ — abnormal (mirrored)
position of some proglottids
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Fig. 5. Ophiotaenia saphena from Pelophylax ridibundus, juvenile specimens. a — procercoid; b,
d — plerocercoid with invaginated scolex; ¢, e — plerocercoid with evaginated scolex. a-c — gen-
eral view; d, e — anterior part

osmoregulatory canals. Ratio of length of poral band of vitelline follicles to proglottid
length 76-98%. Ratio of length of aporal band of vitelline follicles to proglottid length
86-99%. Vagina opening into genital atrium anterior to cirrus-sac (Fig. 3, f). Diameter of
copulative part of vagina 20-45 (mean 31, n = 23). Uterus appearing as long stem along
median line of proglottid. In gravid proglottids, uterus forming transverse diverticula,
their numbers varying from 10 to 23. Gravid eggs spherical, oncosphere 11-16 (mean 14,
n = 30) in diameter.

In addition to adult worms, procercoids (Fig. 5, a) and plerocercoids at different
stages of growth and development (Fig. 5, b—e) were found in the intestinal wall of
examined hosts.

Description of plerocercoid (based on eight specimens). Length 1.24-2.59 mm
(mean 1.92 mm, n = 7), width 310-434 (mean 388, n = 7). Evaginated scolex 220-
260 x 315-420 (mean 243 x 363, n = 3); invaginated scolex 240-300 x 290-420
(mean 270 x 316, n = 5). Suckers oval, slightly muscular, 130-170 x 95-170 (mean
148 x 131, n = 17). Apical organ oval, 120-155 x 125-165 (mean 139 x 141, n = 7).

Remarks. The morphology of the studied specimens generally agrees with the de-
scription of O. saphena by Osler (1931) from Rana clamitans , the description by Scholz et
al. (2023) from Rana spp. from the USA, and the description by de Chambrier et al. (2025)
from Pelophylax spp. from Europe. The dimensions of the present specimens fall within
the range of measurements reported in these publications. Specimens from P. ridibundus
from Ukraine differed from those from Rana spp. in the USA in the wider range of the
number of testes (84-158 vs 88-120 (Osler, 1931) and 84-140 (Scholz et al., 2023)), larger
width of the cirrus-sac (75-130 vs 50-80 (Osler, 1931) and 50-90 (Scholz et al., 2023)),
and wider range of the cirrus length (200-380 vs 250-330 (Osler, 1931)). Also, the studied
specimens differed from those previously reported from Europe (de Chambrier et al,
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2025) in the wider range of the scolex
length (245-415 vs 260-380), lower
limit for the scolex width (320-475 vs
405-580), and smaller number of testes
(84-158 vs 174-237 in specimens from
P, ridibundus from Romania).

The specimens of O. saphena stud-
ied by Scholz et al. (2023) had some
morphological anomalies: the presence
of two or three cirrus-sacs in a proglot-
tid, a duplicated ovary, and an extra
ovary near the anterior margin of the
proglottid. The tapeworms from

Ukraine also demonstrated anomalies B Greece
of morphology; however, they differed - %‘g?géa

from those in the material from the @ United States

USA (Fig. 4). Some proglottids had an  Fig. 6. Haplotype network of a 398-bp region of
abnormal (mirrored) position of the the COX1 gene. Circle sizes are proportional to
uterus (Fig. 4, c); other proglottids had ~ the number of each haplotype, and colours indi-
large protrusions Of the uterus on the cate geographical Origin. Roman numerals labe]

surface of the strobila (Fig. 4, b). Inter- distinct haplotypes. Each small black dot on a con-

estingly, the eggs in these protrusions necting line represents one point mutation

were in a more advanced stage than those in the uterus of the same proglottid. It is possible
that these anomalies are associated with the development of the cestode in a new host.

Molecular identification of O. saphena from Ukraine

A partial sequence of the COX1 gene was obtained from a single tapeworm speci-
men and deposited in GenBank under accession number PX35334. According to a
recent study by de Chambrier et al. (2025), nine sequences (see Table 1), which we
also used in our comparative analysis, belong to the species O. saphena. The similar-
ity of our sequence with those nine sequences ranges from 98% to 100%. In particu-
lar, our sequence is identical to three of the Romanian samples (Fig. 6). Additionally,
the haplotype network clearly illustrates a separation between North American and
European haplotypes of O. saphena. Considering the high level of similarity, espe-
cially the identity with Romanian samples, we conclude that the examined specimen
belongs to O. saphena (European form).

Discussion

The number of helminth species (25) recorded from P. ridibundus in Vylkove in the
present study is somewhat smaller than the number (29) reported in the previous
survey by Volgar-Pastukhova (1959). A possible reason for this is the smaller number
of examined hosts, 23 in the present study, compared to more than 100 in Volgar-Pas-
tukhova (1959). The association between sampling effort and species richness in par-
asite component communities has been demonstrated in a number of studies, e. g.
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Poulin (1998). The species richness in the helminth component community estimat-
ed based on the examined frog sample in the present study (26-30 species) reached
the number of species in the previous survey. In similar studies in other parts of the
distribution area of P. ridibundus, a smaller number of helminth species was usually
recorded, e. g. 2-5 species in separate regions of Poland (Popiolek et al., 2011); eight
species in the Hortobagy National Park in Hungary (Herczeg et al., 2016); 15 species
in the Kharkiv Region of Ukraine (Rezvantseva et al., 2010); 16 species in Antalya
province, Turkey (Diisen & Oz, 2006); 18 species in several localities in Iraq (Saeed et
al., 2007). On the other hand, Dubinina (1950) reported 29 helminth species in P, ri-
dibundus from the Volga Delta, with 12 species (41%) being represented by larval
stages. Similarly, Volgar-Pastukhova (1959) reported 11 out of 29 helminth species
(38%) being represented by larval stages in P. ridibundus from Vylkove, while in the
present study, we found eight species (32%) represented by larval stages only. Moreo-
ver, three of them, namely T. excavata (parasite of storks), S. sphaerula (parasite of
corvids), and A. monticelli (parasite of snakes) reached a prevalence higher than 30%
(see Table 2, Fig. 2). These data, along with the helminth component community di-
versity indices confirming high species richness and equitability, corroborate the high
diversity of the helminth community of P, ridibundus as an important component of
the rich biodiversity in the Danube Delta.

Some helminth species represented by larval stages in the study of Volgar-Pas-
tukhova (1959) had a rather low prevalence, for example, 3.75% in Centrorhynchus
aluconis, (Miiller, 1780), 2% in Psilochasmus sp., 2.61% in Spirometra erinaceieuro-
paei (Rudolphi, 1819), Mueller, 1937 and 1.92% in Alaria alata (Goeze, 1792). They
could be present in the helminth community but absent in the smaller host sample
investigated in the present study. Other species reported by Volgar-Pastukhova
(1959) were represented by adult stages with a higher prevalence (9-30%); however,
they were not found in the present study. We did not record the lung trematode He-
matoloechus asper Looss, 1899, the intestinal trematode Candidotrema loossi (Africa,
1930), and the trematode Gorgodera cygnoides (Zeder, 1800) from the bladder in the
examined marsh frogs. Instead, the nematodes O. duboisi and I. neglecta, and the
trematode G. varsoviensis were found in the present study but were not reported by
Volgar-Pastukhova (1959). Interestingly, both nematode species had a rather high
prevalence in the examined sample of marsh frogs (see Table 2). Oswaldocruzia du-
boisi was previously reported from France, Bulgaria, and several localities in Ukraine,
from various amphibian hosts, including Pelophylax spp. (Ben Slimane et al., 1993;
Durette-Dessetet al., 1993; Svitin and Kuzmin, 2012). The Danube Delta is a new
locality record for this species. Icosiella neglecta is widely distributed in the western
Palaearctic, including Ukraine, parasitizing mainly Pelophylax spp. (Mikulicek et al.,
2021; Kuzmin et al., 2023). We conclude, therefore, that the presence of these two
species in the studied material reflects changes in the composition of the helminth
community of P. ridibundus from Vylkove that have occurred over the last 80 years.

The lung nematode Rhabdias bufonis (Schrank, 1788), reported by Volgar-Pas-
tukhova (1959) in P, ridibundus from Vylkove (P = 5.2%), was not found in the pres-
ent study. Instead, we found two specimens of R. esculentarum in one of the exam-
ined frogs (P = 4.3%). The latter species was described in 2012 from Pelophylax spp.
in Italy (Cipriani et al., 2012); it was later recorded by Herczeg et al. (2016) in Hun-
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gary. In the present study, we report this species for the first time in Ukraine and
presume that R. bufonis from Pelophylax spp. recorded by Volgar-Pastukhova (1959)
in the Danube Delta was, in fact, R. esculentarum.

Further evidence of changes in the helminth community structure in P. ridibundus
from the Danube Delta may be seen in differences regarding the prevalence of some of
the species. Almost all species assigned to the group of predominating species based on
their prevalence in the present study were less prevalent in the study conducted by
Volgar-Pastukhova (1959): D. subclavatus (91.3% vs 45.9%), P. medians (87.0% vs
39.4%), P. confusus (78.3% vs 30.8%), and A. ranae (82.6% vs 9.5%). All these differenc-
es were significant, considering the confidence intervals of their prevalence (see Table
2). On the other hand, the trematodes O. ranae and P. claviger and the nematode C.
ornata had similar values of prevalence in the present study and in Volgar-Pastukhova
(1959): 21.7% vs 35.2%, 26.1% vs 28.4%, and 52.2% vs 59.9%, correspondingly.

The cestode O. saphena is a further helminth species recorded for the first time
in the Danube Delta. This species was known from R. clamitans from Michigan, USA
(Osler, 1931) and R. catesbeiana from Arkansas, Michigan, and Wisconsin in the
USA and from New Brunswick in Canada (Scholtz et al., 2023). Recently, the species
was registered in Pelophylax epeiroticus (Schneider, Sofianidou et Kyriakopoulou-Sk-
lavounou, 1984) and Pelophylax sp. from Greece, and in P, ridibundus from Romania
(de Chambrier et al., 2025). Our data, both morphological and molecular, proved
that the cestodes found in P. ridibundus in Vylkove and O. saphena from North
American frogs and from frogs in three other localities in Europe are conspecific.

Thomas (1931) experimentally identified Megacyclops viridis (Copepoda: Cy-
clopidae) as the intermediate host of O. saphena and successfully infected frog
tadpoles with procercoids from copepods (Thomas, 1934). The author noted that
the morphology of the procercoids from experimentally infected copepods resem-
bled in all details the pleroceroids removed from the intestine of R. clamitans
(Thomas, 1931). In our study, the plerocercoids at different stages of development
were located in the intestinal wall, while developed strobilae were present in the
intestinal lumen. The localisation of developing plerocercoids in the intestinal wall
is probably associated with the helminth development in a new host. In an experi-
mental study Thomas (1934), the plerocercoids were found only in the intestinal
lumen of infected tadpoles of R. clamitans. Plerocercoids collected from frogs in
the present study were similar in size to those described from experimentally in-
fected tadpoles in Thomas (1934): up to 2.59 mm vs 3.15 mm, respectively.

The American bullfrog, R. catesbeiana is known as an alien species in several
European countries: Belgium, France, Germany, Greece, Holland, Italy, Spain, and
the United Kingdom; it has established populations detected in Belgium, France,
Germany, Greece, and Italy (Johovic et al., 2020). We agree with the assumption of
de Chambrier et al. (2025) about the introduction of O. saphena to Europe along
with its natural host, R. catesbeiana. However, we found no official or unofficial in-
formation about the introduction of any North American frogs in or around the
town of Vylkove. Interestingly, the prevalence of O. saphena was significantly higher
in the studied sample of P. ridibundus from Vylkove (78%) than in other European
localities, namely in Limanaki, Greece (20%), Loutros River, Greece (10%), and
Chilia Veche, Romania (27%) (de Chambrier et al., 2025), even though the latter
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locality is just 23.5 km apart from Vylkove. Now, it looks like the parasite has estab-
lished its distribution area in the lower Danube, with separate P. ridibundus popula-
tions harbouring component populations of O. saphena.

We also consider the possible scenario in which O. saphena was carried to the lower
Danube with its intermediate hosts, crustaceans of the Cyclopidae, after transmission
had been established through an introduced bullfrog population elsewhere in the Dan-
ube or its tributaries. The infected crustaceans might have been transported to the lower
Danube and its delta either by the water current or in ballast water of cargo ships.

The present study is the first record of an invasive parasite species in the am-
phibians of Ukraine. Further investigations of the life-cycle of the parasite in the lo-
cality are necessary to identify its intermediate hosts and the routes of P. ridibundus
infection. In our opinion, the high levels of infection with O. saphena observed in the
present study in the Ukrainian part of the Danube Delta corroborate the assumption
that ecosystems with high biodiversity are more vulnerable to parasite spill-over due
to a wide range of possible hosts, both intermediate and definitive.
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