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Abstract. Protected areas (PAs) in northern Western Siberia, being important biodiversity hotspots, 
still remain relatively understudied for the diversity of many taxa. We present the first data on helminth 
infestation of the northern red-backed vole Clethrionomys rutilus, which is the dominant rodent species 
in the protected areas located in the taiga zone (Malaya Sosva State Nature Reserve, Kunovatsky 
Biological Sanctuary, and Angalsky Mys Natural Monument), the outskirts of Nadym town (Nadym 
Hills), and the Taz River floodplain. In 2019 and 2021, 231 northern red-backed voles were captured; 
12  helminth species were registered as their parasites. The highest parasite species richness and 
abundance were observed for the northern red-backed vole inhabiting the protected areas located in 
the taiga zone. The parasite prevalence (P) and the abundance (A) were the highest in the Kunovatsky 
Biological Sanctuary (P  = 53%, A  = 0.79) and the Malaya Sosva State Nature Reserve (P  = 45%, 
A = 2.39), decreasing northwards. The decline in helminth diversity from middle taiga to tundra was 
consistent with a corresponding change in rodent abundance. In the northern areas of Western Siberia, 
the helminth diversity in the northern red-backed vole was significantly lower comparing to the southern 
areas of the region. The obtained data on helminth species composition and infestation rates in C. rutilus 
allowed to fill a gap in the study of the helminth fauna of vast territories of North-Western Siberia, 
including those with conservation status.
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Аннотация. Особо охраняемые природные территории (ООПТ) севера Западной Сибири, 
являясь важными резерватами биоразнообразия, остаются относительно мало изученными в 
таксономическом отношении. В работе представлены первые данные о зараженности гельминтами 
красной полевки Clethrionomys rutilus  – доминирующего вида грызунов в Государственном 
природном заповеднике «Малая Сосьва», Куноватском заказнике, памятнике природы «Ангальский 
мыс», а также в окрестностях г. Надым и пойме р. Таз. В 2019 и 2021 гг. отловлена 231 особь 
полевок, у которых выявлено паразитирование 12 видов гельминтов. На ООПТ в таежной зоне 
отмечено наибольшее видовое богатство и обилие паразитов. Значения экстенсивности инвазии 
(ЭИ) и индекса обилия (ИО) гельминтов у красной полевки были максимальны в Куноватском 
заказнике (ЭИ = 53%, ИО = 0.79) и заповеднике «Малая Сосьва» (ЭИ = 45%, ИО = 2.39) и снижались 
по направлению к северу. Сокращение видового состава гельминтов в направлении от средней 
тайги к тундре согласуется с соответствующим изменением обилия грызунов. Видовой состав 
гельминтов полевок северных районов Западной Сибири существенно беднее такового южных 
районов этого региона. Полученные данные по видовому составу гельминтов и показателям 
зараженности ими полевок восполняют пробел в изучении гельминтофауны обширных северных 
территорий Сибири, в том числе имеющих особый природоохранный статус.

Ключевые слова: грызуны, особо охраняемые природные территории, паразиты, показатели 
инвазии, лесотундра, тайга, тундра
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Introduction
The processes occurring in the Arctic, both natural and anthropogenic-induced, lead to significant 

changes in climate, soil status, and vegetation cover, affecting all components of various ecosystems 
(Groisman et al., 2013; Reshetko and Moiseeva, 2016; Sheftel and Yakushov, 2022; Talanova, 2018; 
Tchebakova et al., 2009). Protected areas (PAs) are exceptional objects for studying fundamental 
patterns of biodiversity dynamics due to almost complete absence of anthropogenic pressure. The PAs 
of the northern Western Siberia are important biodiversity reserves (Morgun and Istrati, 2019; Pastukhov, 
2013); however, they remain relatively poorly studied in taxonomic terms, experiencing meantime a 
number of issues arisen due to irrational nature management (Bogdanova, 2022; Morgun et al., 2022). 
Censing the species composition, occurrence, and abundance of different animal groups in PAs is a 
necessary initial step in long-term environmental monitoring programs for these areas.

Small mammals deserve special attention in such programs, as they occupy an important place in 
food webs, being one of the main model taxa for environmental monitoring due to their high abundance, 
short life cycle, and wide distribution (Avenant and Cavallini, 2007; Gashev et al., 2006; Levykh, 
2018). Holding the role of intermediate or definitive parasite hosts, small mammals form helminth-host 
communities that can serve as indicators of ecosystem health due to their sensitivity to environmental 
transformations (Morand et al., 2006). There are only a few studies of parasite fauna of small mammals 
for the northern territories of Western Siberia (Krivopalov et al., 2022; Sheikina and Zhigileva, 2018). 
Furthermore, the helminth species composition requires reassessment considering recent major 
taxonomic revisions involving numerous groups of parasitic worms.

The study aims to assess helminth infestation in the northern red-backed voles inhabiting protected 
areas of the North-Western Siberia.

Materials and methods
The material was collected during non-selective sampling of small mammals by the trench and trapline 

methods in 2019 and 2021 in five regions of Western Siberia. In the Yamalo-Nenets Autonomous Okrug 
(YaNAO), mammals were captured at the Sterkh Biological Station (Kunovatsky Biological Sanctuary), 
in the vicinity of Salekhard city (Angalsky Mys Natural Monument) and Nadym town (Nadym Hills), and 
50 km south-southeast of Tazovsky settlement (Taz River floodplain); in the Khanty-Mansi Autonomous 
Okrug–Yugra (KhMAO – Yugra), in the Malaya Sosva State Nature Reserve named after V.V. Raevsky 
(Shukhtungort settlement, Berezovsky District) (Fig. 1). The study areas belong to different natural and 
climatic subzones. The Malaya Sosva State Nature Reserve is located in middle taiga subzone, the 
Kunovatsky Biological Sanctuary, in northern taiga, the Nadym Hills, in forest-tundra, the Angalsky Mys 
Natural Monument, in transition area between forest-tundra to tundra, and the Taz River floodplain 
belongs to tundra.

Rodents were captured using snap traps and a trapping ditch. Snap traps were set in trapping lines 
(25–50 pcs. in series) in the most typical biotopes of the study areas. At the Sterkh Biological Station, 
the traps were set in a spruce-birch-cedar dwarf shrub-green moss forest (Kunovat River floodplain), 
in a birch-spruce-cedar dwarf shrub-white moss-green moss forest, a birch-cedar dwarf shrub-white 
moss-lichen sparse forest, and in a spruce-birch-cedar horsetail-couch grass forest; in the vicinity of 
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Salekhard city, in a larch-dwarf shrub-green moss forest and yernik1-dwarf shrub tundra; in the vicinity 
of Nadym town, in spruce-birch-larch-cedar dwarf shrub-Ledum-true moss forest and cedar-spruce-
larch horsetail-dwarf shrub-Sphagnum forest; in the Tazovsky district, in birch-larch with spruce yernik-
Ledum-true moss and larch-Ledum-horsetail-lichen sparse forests; in the Malaya Sosva State Nature 
Reserve, in the forb-Oxalis pine and spruce forests, lingonberry-Ledum and lingonberry-true moss pine 
forests. In total, 231 individuals of the northern red-backed vole were caught and analyzed (Table 1).

A complete helminthological analysis of the gastrointestinal tract of rodents was performed according 
to standard methods (Anikanova et al., 2007). Cestodes were stained with Ehrlich’s alum hematoxylin, 
permanent slides were prepared by embedding them in Canada balsam. Temporary slides were 
prepared for nematodes. Helminth species were identified using available reports (Ryzhikov et al., 1978; 
1979) and taxonomic publications (Chechulin and Gulyaev, 1998; Galbreath et al., 2013; Gulyaev and 
Chechulin, 1996–1997; Haukisalmi et al., 2004, 2007, 2014; Makarikov et al., 2011, 2013; Pospekhova 
et al., 2023; Wickström et al., 2005).

Using the program Quantitative Parasitology  3.0. (Reiczigel & Rózsa, 2005), major parasite 
infestation indices were calculated: prevalence (P) – percentage of infected host individuals in regard 
to the total number of the host specimens studied; intensity of infestation (I)  – minimum, maximum 
and average number of parasites in one infected individual; and abundance (A) – average number of 
parasites per host in a given sample. The data were analyzed using standard statistical methods in 
Microsoft Excel 2013 program.

1 Yernik is the local name for dwarf arctic birch (Betula nana) thickets.

Fig. 1. Sampling site map: 1 – Malaya Sosva State Nature Reserve, 2 – Kunovatsky Biological Sanctuary, 3 – Nadym town, Nadym 
Hills, 4 – Angalsky Mys Natural Monument (Salekhard city environs), 5 – Taz River floodplain.
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Results
Northern red-backed vole Clethrionomys rutilus Pallas, 1779 is the most abundant species in all 

study areas; its share in rodent samples ranged from 67 to 96%. Other rodent species were few in 
number (tundra vole Alexandromys oeconomus (Pallas, 1776), short-tailed field vole Microtus agrestis 
Linnaeus, 1761), or they were represented by single specimens (gray red-backed vole Craseomys 
rufocanus Sundevall, 1846, wood lemming Myopus schisticolor Lilljeborg, 1844, West Siberian lemming 
Lemmus sibiricus Kerr, 1792, and Siberian chipmunk Eutamias sibiricus Laxmann, 1769). In total, 
12  species of helminths (6  cestode species and 6  nematode species) were found for the northern 
red-backed vole. The greatest number of parasite species (10) was found for the northern red-backed 
voles from the Kunovatsky Biological Sanctuary, located in northern taiga zone. In tundra, the helminth 
composition was limited to 2–4 of the most common species (Table 2).

Nematodes of genera Heligmosomoides Hall, 1916 and Heligmosomum Railliet and Henry, 1909 
were common for the northern red-backed vole inhabiting middle and northern taiga and forest-tundra, 
but they practically disappeared when moving into tundra landscapes. The intensity of infestation of 
the northern red-backed vole by nematodes of the genus Heligmosomoides was the highest in taiga 
regions, ranging from 1 to 11, with an average of 5–7 helminth specimens per host. Helminth infestation 
declined toward forest-tundra zone, where an average of 2–3 nematodes per host (maximum of up to 
6) were found. The prevalence of nematodes of the genus Heligmosomoides was also the highest in 
middle taiga and decreased northward. The most common nematode species was Heligmosomoides 
laevis Dujardin, 1845. This was the only Heligmosomatidae species found in the voles inhabiting tundra 
areas. Other nematode species, belonging to the genera Heligmosomoides and Heligmosomum, were 
found in the northern red-backed voles inhabiting middle and northern taiga, as well as forest-tundra.

In middle taiga, the northern red-backed vole was characterized by high infestation with nematodes 
and dominance of cestodes of the genus Arostrilepis Mas-Coma and Tenora, 1997. The latter had a 
high frequency of occurrence in all areas of the host species habitat. (Table 2). Cestode Arostrilepis 
macrocirrosa Makarikov, Gulyaev et Kontrimavichus, 2011 was found in the northern red-backed voles in 
all studied areas, from middle taiga to tundra. One tundra vole was also infected by this parasite species 
in the Kunovatsky Biological Sanctuary. The cestode Arostrilepis tenuicirrosa Makarikov, Gulyaev et 
Kontrimavichus, 2011 had a more limited distribution, found in the northern red-backed vole in the 
Kunovatsky Biological Sanctuary (northern taiga), in the vicinity of Nadym town (forest tundra), and in 
the floodplain of the Taz River (tundra).

Cestode Paranoplocephala kalelai Tenora, Haukisalmi et Henttonen, 1985 (Anoplocephalidae 
family) was not found for the northern red-backed voles inhabiting the Malaya Sosva State Nature 

No. Site Coordinates Study period Number of 
samples

Khanty-Mansi Autonomous Okrug – Yugra, Western Siberia

1 Malaya Sosva State Nature Reserve N 65.376378°
E 64.098836° July 2019 31

Yamalo-Nenets Autonomous Okrug, Western Siberia

2 Kunovatsky Biological Sanctuary N 65.181333°
E 66.586806°

June, August 
2021 91

3 Nadym Hills N 66.586806°
E 72.512306° July 2021 80

4 Angalsky Mys Natural Monument N 66.621917°
E 66.555861° July 2021 6

5 Taz River floodplain N 67.018222°
E 79.236722° July 2021 23

Table 1. Sampling sites and the number of Clethrionomys rutilus specimens examined.
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Reserve (middle taiga) and in tundra, but for those inhabiting northern taiga and forest-tundra areas. 
Gulyaevia longivaginata (Chechulin and Gulyaev, 1998) Haukisalmi, Hardman, Hoberg et Henttonen, 
2014 was found for the northern red-backed voles inhabiting the Kunovatsky Biological Sanctuary and 
the vicinity of Nadym town (Nadym Hills). Infestation rates of anoplocephalid cestodes in forest-tundra 
were lower comparing to that in northern taiga (Table 2).

The other parasite species were found rarely. Three tetrathyridia (metacestode juvenile stages) of 
Mesocestoides sp. were found in the body cavity of three northern red-backed voles from the Kunovatsky 
Biological Sanctuary (P = 3.3%, I = 0.03). One specimen of nematode Pterothominx sadovskoi (Morosov, 
1956) Gagarin and Nasarova, 1966 was found in the individual of the northern red-backed vole from the 
Nadym Hills area (I = 0.17). Two specimens of Trichuris arvicolae Feliu, Spakulova, Casanova, Renaud, 
Morand, Hugot, Santalla et Durand, 2000 were found in one individual of the northern red-backed vole 
caught in the Taz River floodplain (P = 4.3%, I = 0.09).

The highest total infestation rates of the northern red-backed voles were observed in protected areas 
located in the taiga regions. When moving to forest-tundra and tundra, infestation rates decreased. In 
the Malaya Sosva State Nature Reserve (middle taiga), the average infestation rate of the northern red-
backed voles was the highest compared to all other studied areas (5 helminths per infected individual). 
In the Kunovatsky Biological Sanctuary (northern taiga), the highest prevalence was observed (53%). 
This indicator was significantly higher (p < 0.05) compared to that in the samples obtained in Nadym 
Hills (forest-tundra). Differences in infestation rates between the other studied areas were statistically 
insignificant (Table 3). The parasite abundance for the northern red-backed vole inhabiting middle taiga 
(2.4) was three times higher than that in northern taiga (0.8). This indicator was 0.3–0.6 in forest-tundra 
(Nadym Hills, Angalsky Mys Natural Monument) and tundra (floodplain of the Taz River).

Discussion
Our data on the distribution of the northern red-backed vole are consistent with the results of long-

term monitoring of the population of small mammals in northern taiga of Western Siberia: the northern 
red-backed vole has been the dominant rodent species for 120 years of observations (Starikov and 
Vartapetov, 2021). The dominance of the northern red-backed vole in the study areas is due to the 
optimal habitat conditions of this species in most biotopes of the taiga ecosystems of Western Siberia, 
and, to a lesser extent, in the southern shrub subarctic tundra and pre-tundra sparse forests (Kislyi et 
al., 2019).

The greatest number of helminth species (10) was found in the northern red-backed voles inhabiting 
northern taiga; in forest-tundra and tundra, the number of helminth species decreases. Higher species 

Table 3. Helminth infection rates of Clethrionomys rutilus in different areas. Asterisk* indicates single findings of parasites; ** – 
difference with the sample from Nadym Hills  is statistically significant (р < 0.05).

No. Site Climatic 
subzone

Prevalence, %
(mean ± SE)

Intensity of invasion, 
ind. Parasite 

abundance 
indexmin–max average 

1 Malaya Sosva State 
Nature Reserve Middle taiga 45.2 ± 8.9 1–13 5.3 2.39

2 Kunovatsky 
Biological Sanctuary Northern taiga 52.7 ± 5.2 1–12 2.1 0.79

3 Nadym Hills Forest-tundra 33.8 ± 5.3 1–6 1.5 0.51

4 Angalsky Mys 
Natural Monument Forest-tundra 33.3 ± 19.2 1* 1* 0.33

5 Taz River floodplain Tundra 34.8 ± 9.9 1–4 1.4 0.56

Total 42.0 ± 3.3 1–13 2.5 1.01



Zhigileva, O.N. et al., 2026. Ecosystem Transformation 9 (1), 87–101

diversity of helminths in northern taiga compared to that in middle taiga is consistent with the increase in 
the abundance of the norther red-backed vole along with other vertebrate species. The latter is explained 
by some authors by the thinning of the forest stand, resulting in more favorable temperature regime in 
the lower forest layer (Kislyi et al., 2019). Further north (in forest-tundra and tundra), two to four species 
of helminths are found. Decreasing number of parasitic worm species infecting rodents in the southern 
subarctic tundra and near-tundra larch forests (relative to the taiga zone) has also been documented in 
a neighboring region: northwestern Yakutia in Eastern Siberia (Makarikov and Dokuchaev, 2021).

Most of the helminth species found are typical parasites of voles inhabiting forest areas. Nematodes 
Heligmosomum mixtum Schulz, 1929 and Heligmosomoides spp. are the most common and widespread 
species of parasites in the taiga zone (Bugmyrin et al., 2015). Cestodes of the genus Arostrilepis 
(A. macrocirrosa and A  tenuicirrosa), identified as Arostrilepis horrida (from Linstow, 1901) in earlier works 
(Zhigileva, 2011; Zhigileva et al., 2016), are commonly found in the northern red-backed vole inhabiting 
southern and central Siberia and the Far East (Makarikov et al., 2011; 2013). Molecular methods have 
confirmed a wider distribution of A. tenuicirrosa, up to northern Europe (Galbreath et al., 2013). Since 
A. macrocirrosa and A.  tenuicirrosa are well identified morphologically (by the shape and size of the 
cirrus), there is no doubt about their presence in the voles inhabiting the north of Western Siberia.

The real distribution of anoplocephalid cestodes is a more complex issue due to the lack of reliable 
differential criteria, as well as the incompletely resolved phylogenetic relationships between cestodes 
associated with vole rodents (Haukisalmi et al., 2004; Wickström et al., 2005). Three well morphologically 
recognizable species of genus Paranoplocephala Lühe, 1910 from voles of southern Siberia 
(Paranoplocephala omphalodes (Hermann, 1783), P. blanchardi (Moniez, 1891), and P. longivaginata 
Chechulin and Gulyaev, 1998) (Chechulin and Gulyaev, 1998; Gulyaev and Chechulin, 1996–1997) are 
currently classified into three different genera: Paranoplocephala, Microticola Haukisalmi, Hardman, 
Hoberg and Henttonen, 2014 and Gulyaevia Haukisalmi, Hardman, Hoberg and Henttonen, 2014, 
respectively (Haukisalmi et al., 2014). The most common species P. omphalodes is considered to be a 
species complex; some of the species have not been described from Northeastern Eurasia; therefore, they 
are still identified as P. cf. omphalodes by a number of authors (Makarikov et al., 2016). P. omphalodes 
was thought to parasitize meadow voles of Microtus genus in Europe, while P. kalelai, the northern red-
backed voles (Haukisalmi et al., 2004). However, subsequent studies revealed a broader distribution of 
these species (including in Siberia), as confirmed by molecular genetic methods (Krivopalov et al., 2022; 
Vlasenko et al., 2019). The closest geographical finding to our study area was a cestode specimen, 
found in the red-backed vole from the Khanty-Mansi Autonomous Okrug (Raduzhny) and identified as 
a special phylogenetic lineage of P. kalelai using molecular methods (Krivopalov et al., 2022). Although, 
this species is named to be specific for the gray red-backed vole (Haukisalmi et al., 2007). In any case, 
it is necessary to clarify the species affiliation of anoplocephalid cestodes of voles, inhabiting the north 
of Western Siberia, using molecular methods.

The finding of tetrathyridia of Mesocestoides sp. also requires additional research using molecular 
genetic methods. According to N.A. Pospekhova et al. (2023), the tetrathyridia isolated from the northern 
red-backed vole in northeastern Russia do not correspond to any of the five morphologically and 
molecularly confirmed Mesocestoides species. Moreover, similar studies have not yet been conducted 
in Western Siberia.

The nematode Pterothominx sadovskoi is a widespread parasite of voles; this species has been 
recorded in the northern red-backed vole inhabiting the Belogorye State Nature Reserve (Kononova 
and Prisniy, 2020). It is registered in the nematode fauna of North-Eastern Russia also as Armocapillaria 
sadovskoi (Yushkov and Ivashevsky, 1999).

In general, the helminth species composition of small mammals in the northern regions of Western 
Siberia is depauperate. Trematodes, acanthocephalans, nematodes of the genus Syphacia Seurat, 
1916, and several other parasite species, commonly found in voles from more southern zones (namely, 
forest-steppe, sub-taiga, and southern taiga), are notably absent in the studied northern areas, while a 
total of 29 helminth species have been recorded in rodents in the southern territories (Zhigileva, 2011; 
Zhigileva et al., 2016).  Moreover, the previously documented trend of an approximately twofold decline 
in both species richness and diversity indices of rodents and their helminths along forest-steppe → sub-
taiga → southern taiga gradient persists (Zhigileva, 2011).

Helminth infestation of voles in the northern regions of Western Siberia (northern taiga, forest-tundra, 
and tundra) is also lower than in the southern regions (forest-steppe, sub-taiga, and southern taiga), 
where the prevalence may reach 81% in some study years (38% on average), intensity of infestation, 
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up to 191 helminths per individual (5.2 on average), abundance, 2.2 (Zhigileva, 2018). At the same time, 
the infestation rates of the red-backed vole in middle taiga (original data) and southern taiga (Zhigileva, 
2018) do not differ, averaging as P = 45–46%, I = 1.9–2.4. Parasite abundance indicates a decline in 
parasite load on the host population along the gradient from middle taiga to tundra. This pattern is likely 
driven by sparse host populations under suboptimal ecological conditions, as well as a harsh climate 
that negatively affects the survival of helminth eggs and larvae.

The helminth fauna of the red-backed vole obtained in this study complement the results of the study 
of the parasite fauna of insectivorous mammals in the Malaya Sosva State Nature Reserve (Sheikina 
and Zhigileva, 2018).

Conclusions
Twelve helminth species were found for the northern red-backed vole inhabiting the studied 

protected areas (Malaya Sosva State Nature Reserve, Kunovatsky Biological Sanctuary, and Angalsky 
Mys Natural Monument) and in the vicinity of Tazovsky settlement and Nadym town. The northern 
red-backed vole abundance affected the composition of the helminth species typical for this host. The 
most common parasites were nematodes of the genera Heligmosomoides and Heligmosomum and 
cestode Arostrilepis macrocirrosa. The highest parasite load was found for the northern red-backed 
voles inhabiting protected areas within the taiga zone. In the Kunovatsky Biological Sanctuary, 52% of 
red-backed voles were infested with helminths, with an average rate of 2 helminths per individual; in the 
Malaya Sosva State Nature Reserve, these rates were 45% and 5, respectively. The highest rates of 
parasite diversity and abundance were registered for the northern red-backed vole inhabiting protected 
natural areas in the taiga zone.
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