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Abstract

Between 2017 and 2025, helminthological investigations were conducted on 32 wild badgers (Meles
leucurus) across four natural geographic regions of Karakalpakstan. As a result, helminth infections
were detected in 17 individuals, accounting for 53.1%. In total, 20 species of helminths were identified
in the examined badgers, belonging to three phylum, four classes, nine orders, sixteen families, and
eighteen genera. These included four species of cestodes, one species of trematode, three species of
acanthocephalans, and twelve species of nematodes. Among the 20 helminth species, fifteen species
were classified as helminths with indirect lifestyle and five species as helminths with direct lifestyle.
The highest prevalence of infection was recorded for Toxocara canis (34.3%), followed by Toxocara
mystax (25.0%). In terms of the intensity range, T. canis showed the highest range, with two to 77
specimens per host, while T. mystax ranged from three to 35 specimens. The intensity range of other
helminth species varied between one and 33 specimens.
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Introduction

Badgers (Meles Brisson, 1762) are burrowing animals that inhabit permanent ter-
ritories, which provide them with essential resources such as food, shelter, and,
most importantly, suitable conditions for constructing breeding dens. Currently,
members of the genus Meles are widely distributed across Eurasia (Dvornikov and
Chashchin 2008).

Based on morphological and genetic studies, the presence of two badger spe-
cies has been confirmed in the territory of Uzbekistan: Meles leucurus (Hodgson,
1847) - the Asian badger, and Meles meles canescens Blanford, 1875 - the Common
badger. The contact zone between these two species in Central Asia is located in the
mountains of the Western Tien Shan. Meles meles canescens occurs in the foothills
of the Karjantau, Ugam, Chatkal, Kuramin, and Turkestan mountain ranges. In the
sympatric zone in southeastern Uzbekistan, the two forms exhibit distinct habitat
preferences: Meles meles canescens inhabits mountainous areas, whereas Meles leu-
curus is found in plains and semi-deserts (Kashkarov et al. 2025).

Studies focused on the species composition, taxonomy, distribution, bioecologi-
cal characteristics of dominant species, and epidemiological aspects of helminths
in badgers remain relatively limited. Most existing research has primarily concen-
trated on helminths found in individual or a few host species, rather than provid-
ing comprehensive data specific to badgers (Shimalov 2007; Anisimova et al. 2008;
Romashova et al. 2014; Ibragimova and Fataliyev 2015; Itin and Kravchenko 2016;
Medvedev and Seredkin 2018; Suleymanov and Amanzhol 2020; Turgunov et al.
2024).

In the context of Uzbekistan, several studies have been conducted on the spe-
cies composition, morphological and ecological characteristics, epizootology, and
developmental biology of helminths infecting badgers, as well as domestic and wild
carnivorous mammals (Koschanov 1971; Matchanov et al. 1973; Muminov et al.
1984; Shakarboev 2009; Akramova et al. 2019; Berdibaev 2021; Shakarboev et al.
2024). As a result of these studies, the species diversity of helminths in certain do-
mestic and wild carnivores across various regions of Uzbekistan has been docu-
mented. The ecological and faunistic characteristics of carnivore helminths have
been investigated, and bio-coenotic relationships between the hosts and their para-
sitic worms have been established (Shakarboev 2009; Berdibaev 2021; Shakarboev
and Berdibaev 2023).

Due to their natural lifestyle, badgers are considered important natural reser-
voirs of invasive parasitic diseases. Therefore, studying them holds significant scien-
tific and practical importance.
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The aim of this research is to study the species composition of helminths in wild
badgers inhabiting the Southern Aral Sea region and to determine the degree of
infection with parasitic worms.

Materials and methods

The research was carried out seasonally between 2017 and 2025 using both station-
ary and transect (route-based) methods across four natural-geographical regions of
the Republic of Karakalpakstan. The geographical coordinates of the studied areas
are as follows:

Northwest Kizilkum: 1. 42°120.34"N - 61°13'1.21"E, 2. 41°58'19.54'N -
60°25'27.26"E, 3. 42°1220.67"N - 60°12'41.06"E, 4. 43°1120.12"N - 60° 2'14.36"E;

Lower reaches of the Amu Darya: 5. 42°43'4.67'N - 59°24'14.77"E, 6.
42°59'58.52"N - 59°23'47.47"E, 7. 43°1321.32"N - 58°53'6.30"E, 8. 43°34'6.98"N -
59°32'51.33"E;

Ustyurt Plateau: 9. 42°46'15.54"N - 58°43'54.60"E, 10. 42°5852.76"N -
58°42'46.01"E; 11. 43°43'19.40"N - 58°23'2.93"E;

Dried Seabed of the Aral Sea: 12. 43°59'19.86"N - 59°54'45.24"E (Fig. 1).
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Figure 1. Map of the studied area.
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In the research work, the methods of complete and incomplete helminthologi-
cal dissection by Skrjabin (1928) were used. Helminths belonging to the classes
Trematoda, Cestoda, and Acanthocephala were fixed in 70% ethanol, while nema-
todes were preserved in Barbagallo’s solution, and all specimens were appropriately
labeled (Kozlov 1977; Anderson 2000; Shakarboev 2009; Berdibaev 2021).

The identification of helminth species was carried out at the “General Parasitol-
ogy” Laboratory of the Institute of Zoology, Academy of Sciences of the Republic of
Uzbekistan, as well as the "Experimental Biological Research" Laboratory of Ajini-
yaz Nukus State Pedagogical Institute. Identification was based on standard tech-
niques and available scientific literature (Kozlov 1977; Anderson 2000; Shakarboev
2009; Berdibaev 2021).

Quantitative indicators of helminth infection in badgers, as well as the distribu-
tion of parasitic worms in the host organism, were calculated using standard para-
sitological indices such as the prevalence of infection (P, %), the intensity range (IR,
specimens), and the mean abundance (MA, specimens) (Beklemishev 1970; Bush et
al. 1997; Romashova et al. 2014).

All numerical data were processed using mathematical and statistical methods
(Lakin 1990). For some statistical analysis, the Excell program and the OriginPro
7.5 software (OriginLab Corporation, USA) were used.

Results

According to the results of the conducted research, 32 wild badgers from four nat-
ural-geographical regions of Karakalpakstan were examined for helminthological
infection, and 17 of them (53.1%) were found to be infected with helminths.

A total of 20 species of helminths were identified in badgers, belonging to three
phyla, four classes, nine orders, 16 families, and 18 genera. (Table 1). Among these,
four species of cestodes, one species of trematode, three species of acanthoceph-
alans, and 12 species of nematodes were recorded (Kozlov 1977; Anderson 2000;
Shakarboev 2009; Berdibaev 2021).

Table 1. Helminth infection rates of badgers in the Southern Aral Sea region

Ne  Helminth species Site in host The prevalence of  The intensity range
infection (P, %) (IR, specimens)

Quantity % Min-Max Mz+m

Trematoda Rudolphi, 1808

1 Alaria alata (Goeze, 1782) Small 4 125 3-9 4.6+0.3
Krause, 1914 intestine
Cestoda Rudolphi, 1808

2 Spirometra erinaceieuropei Small 4 125  1-11 8.8+0.7
(Rudolphi, 1819) Faust, intestine

Campbell & Kellogg, 1929
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Ne  Helminth species Site in host The prevalence of  The intensity range
infection (P, %) (IR, specimens)
Quantity % Min-Max Mtm
3 Dipylidium caninum Small 3 9.3 1-7 3.7+0.2
(Linnaeus, 1758) intestine
4 Taenia pisiformis (Bloch, Small 9 28.1 1-15 11.3+1.1
1780) intestine
5 Mesocestoides lineatus Small 5 15.6  4-11 8.7+0.6
(Goeze, 1782) intestine
Acanthocephala (Rudolphi,
1801)
6  Macracanthorhynchus Small 3 9.3 1-7 3.4+0.2
hirudinaceus (Pallas, 1781) intestine
7 Macracanthorhynchus Small 4 125 2-7 4.1+0.2
catulinus Kostylew, 1927 intestine
8 Moniliformis moniliformis Small 3 9.3 1-5 3.4+0.2
(Bremser, 1811) intestine
Nematoda Rudolphi, 1808
9 Aonchotheca putorii Small 4 125  1-17 11.4+1.1
(Rudolphi, 1819) intestine
10 Eucoleus aerophilus (Creplin, Tracheaand 2 62 1-5 3.6+0.2
1839) bronchi
11 Dioctophyma renale (Goeze,  Kidney 3 9.3 1-3 1.6+0.1
1782)
12 Ancylostoma caninum Small and 2 62  2-5 4.2+0.2
(Ercolani, 1859) Hall, 1913 large intestine
13 Uncinaria stenocephala Small and 4 125  2-15 10.5%11
(Railliet, 1884) large intestine
14  Crenosoma vulpis (Dujardin, Bronchi 3 9.3 1-5 3.5+0.2
1844)
15 Toxascaris leonina (Linstow, ~ Small 6 18.7 1-23 13.3+1.3
1902) Leiper, 1907 intestine,
stomach
16  Toxocara canis (Werner, Stomach, 11 343  2-77 22.742.0
1782) Stiles, 1905 abdomen,
small and
large intestine
17 Toxocara mystax (Zeder, Small 8 25,0 3-35 14.6+1.3
1800) intestine,
stomach and
abdominal
cavity
18  Vigisospirura potekhini Stomach 4 125 3-19 9.740.8
Chabaud, 1959
19  Physaloptera sibirica Petrow  Small 5 156 1-33 12.4+1.2
et Gorbunow, 1931 intestine



1004 AbatS. Berdibaev et al. / Acta Biologica Sibirica 11: 999-1013 (2025)

Ne  Helminth species Site in host The prevalence of  The intensity range
infection (P, %) (IR, specimens)

Quantity % Min-Max M+m

20  Metathelazia capsulata Bronchi 6 18.7 2-21 12.5¢1.2
Gerichter, 1948

According to Table 1, out of the 20 helminth species identified, 15 belong to the
group of helminths with indirect lifestyle, while five species are classified as soil-
transmitted helminths. The highest prevalence of infection was observed in T. canis
(34.3%), followed by T. mystax (25.0%). In terms of intensity range, the nematode
T. canis ranked first, with a range of two to 77 specimens, followed by T. mystax,
ranging from three to 35 specimens. For the remaining species, the infection inten-
sity ranged from one to 33 specimens. All helminth species detected in badgers are
considered specific parasites of domestic and wild carnivorous animals.

When analyzing the distribution of helminths found in badgers by order,
Diphyllobothriidea was represented by one species (5.0% of the total species), Cy-
clophyllidea by three species (15.0%), Diplostomida by one species (5.0%), Oliga-
canthorhynchida by two species (10.0%), Moniliformida by one species (5.0%),
Trichinellida by two species (10.0%), Dioctophymatida by one species (5.0%), and
Rhabditida by nine species (45.0%) (Fig. 2) (Shakarboev and Berdibaev 2023).
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Figure 2. Distribution of badger helminths by orders.
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The class Trematoda is represented by one species, accounting for 5.0% of the
total number of helminth species. The class Cestoda includes four species, com-
prising 20.0% of the total species diversity. The class Acanthocephala unites three
species, making up 15.0% of the overall species count. Meanwhile, helminths of the
class Nematoda are the most diverse, represented by 12 species, which constitutes
60.0% of the total number of recorded helminth species (Fig. 3).
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Figure 3. Distribution of the helminths of badgers of the Southern Aral Sea region by
classes.

According to the data presented above, out of the 32 badgers examined through
helminthological analysis, 17 individuals (53.1%) were found to be infected with
parasitic worms. The species composition in helminth infracommunities in the
badgers was as follows: two species of helminths were recorded in three badgers
(9.3%), three species in four badgers (12.5%), four species in two badgers (6.2%),
five species in five badgers (15.6%), and six species in six badgers (18.7%). Specifi-
cally, trematodes were detected in four badgers (12.5%), cestodes in four badgers
(12.5%), and acanthocephalans in three badgers (9.3%), while helminths belonging
to the class Nematoda were found in six badgers (18.8%). Thus, among helminth
infections in badgers, nematodoses were dominant, followed by cestodoses and
trematodoses, with acanthocephalan infections comprising 9.3%.

No cases of monoinfection were observed among the infected badgers. All ex-
hibited associative infection, in which each animal harbored between two and five
helminth species. Associative infection gives rise to interspecies and intraspecies
interactions (Krotov 1973).
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An analysis of the quantitative parameters within the composition of the hel-
minthofauna of badgers revealed heterogeneous distribution patterns among indi-
vidual helminth species. In line with ecological approaches to species classification
based on prevalence and abundance (Hanski 1982), the helminths were divided into
two categories: primary and secondary species. The primary species group includes
dominants, subdominants, and associated intermediate species, while the second-
ary species group comprises rare, incidental, and peripheral species (Romashova et
al. 2014; Hanski 1982).

Within the helminthofauna of badgers, three species were identified as domi-
nant, four as subdominant, 11 as associated intermediate species, and two as rare
species. Dominant and subdominant species together accounted for 35.0% of the
total composition (Table 2).

Table 2. Distribution of badger helminths in the Southern Aral Sea region according to
dominance degree

Ne  Category of helminths  Helminth species Infection Indicators
The prevalence of Mean abundance,
infection (P, %) specimens

1 Dominant species T. canis 343 22.7+2.0

2 T. pisiformis 28.1 11.3£1.1

3 T. mystax 25.0 14.6£1.3

4 Subdominant species T. leonina 18.7 13.3+1.3

5 P, capsulata 18.7 12.5+1.2

6 P sibirica 15.6 12.4+1.2

7 M. lineatus 15.6 8.7+0.6

8 Adjacent intermediate  A. alata 12.5 4.6%0.3

9 species S. erinacei-europei 12.5 8.8+0.7

10 M. catulinus 12.5 4.1+0.2

11 C. putorii 12.5 11.4+1.1

12 U. stenocephala 12.5 10.5+1.1

13 V. potekhini 12.5 9.7+0.8

14 D. caninum 9.3 3.7£0.2

15 M. hirudinaceus 9.3 3.4+0.2

16 M. moniliformis 9.3 3.4+02

17 D. renale 9.3 1.6+0.1

18 C. vulpis 9.3 3.5+0.2

19 Rare species T. aerophilus 6.2 3.610.2

20 A. caninum 6.2 4.2+0.2
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Helminths detected in badgers were also recorded in the bodies of domestic and
wild predatory mammals. The helminths identified in badgers were observed across
four natural-geographical regions of Karakalpakstan.

The highest rate of helminth infection in badgers was recorded in the Lower
Amudarya region at 31.2%, while the lowest was observed in the Northwestern
Kyzylkum (3.2%). In the Ustyurt Plateau, the infection rate was 12.5%, and in the
dried seabed of the Aral Sea, it was 6.2%.

Seasonal changes have a significant impact on the formation of the helminth
fauna in badgers. The seasonal dynamics, especially in regions with sharply conti-
nental climates such as the Ustyurt Plateau, Northwestern Kyzylkum, the dried sea-
bed of the Aral Sea, and the Lower Amudarya, strongly influence soil-transmitted
helminths and, to a slightly lesser extent, helminths with indirect lifestyle. The terri-
tory of Karakalpakstan is characterized by extremely dry and cold winters and very
hot, arid summers.

In spring, as air and soil temperatures rise and soil moisture increases, ephem-
eral vegetation rapidly covers foothill, desert, and semi-desert areas. These condi-
tions create favorable environments for the development of invasive helminth eggs.
During this period, a noticeable increase in the activity of insects and other inverte-
brates is also observed (Berdibaev 2021).

In summer, air and soil temperatures average 35-40°C and often exceed these
values, while soil and air humidity decrease significantly. Such unfavorable sum-
mer conditions negatively affect the viability of helminth eggs and the life cycles of
intermediate hosts.

In autumn, the weather becomes cooler, occasionally cold, precipitation in-
creases, and soil moisture rises. As a result, the number of intermediate hosts grows
following the summer season.

Thus, the climatic characteristics of each season exert a considerable influence
on the helminth fauna of badgers. The seasonal changes in the helminth fauna com-
position of badgers were reflected in the data presented in Table 3. The data in Table
3 indicate that under the conditions of Karakalpakstan, the infection of badgers
with helminths occurs throughout the year.

Table 3. Seasonal dynamics of helminth infection in badgers under the conditions of the
Southern Aral Sea region

Spring Summer Autumn Winter
0
; ; 3 5 3 3 3 3
Animal species g -§ E £ g g 3 £ E £ E
H OS2 9 & 5 g S g8 a5
M. leucurus 32 17 531 6 2 9 4 12 8 5 3
(6.2%) (12.5%) (25.0%) (9.4%)

Note: The data are derived from the total number of badgers examined.
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The highest infection rate was recorded in autumn at 66.6%, followed by win-
ter at 60.0%, summer at 44.4%, and spring at 33.3%. It can be seen that the level of
helminth infection in badgers increased by two to three times in autumn compared
to spring. The seasonal dynamics of individual species were studied using the exam-
ples of T. pisiformis and T. canis helminths.

Taenia pisiformis is a helminths with indirect lifestyle, and it was found that
badgers are infected with this cestode throughout all seasons of the year. This spe-
cies is considered one of the specific parasites of badgers. The highest infection rate
with this cestode in badgers was recorded in autumn at 44.5%, while the lowest was
observed in spring at 11.1%. In winter and summer, the infection rate remained the
same at 22.2%. (Fig. 4). The intermediate hosts of this species include domestic and
wild rabbits, and in some cases, rodents may also participate in its life cycle (Kozlov
1977).
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Figure 4. Seasonal dynamics of badgers’ infection with T. pisiformis cestodes in the condi-
tions of the Southern Aral Sea region.

Toxocara canis is a geohelminth and is considered one of the most widespread
helminths among badgers and other carnivorous animals. Infection of badgers with
this nematode was observed in all seasons of the year, with the highest infection
rate recorded in the summer months (36.3%). It was found that the infection rates
in autumn and winter were identical, at 27.3%. In the spring season, a decrease in
infection was noted, reaching as low as 9.1% (Fig. 5).
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Figure 5. Seasonal dynamics of badgers’ infection with T. canis nematodes in the condi-
tions of the Southern Aral Sea region.

The results of the research indicate that, under the conditions of Karakalpakstan,
the seasonal factor has a certain influence on the helminth fauna of badgers. These
findings are consistent with the works of other researchers who have studied hel-
minths in predatory animals (Trunova and Nurmagomedova 2017; Koschanov
1971).

Thus, according to the results of our research conducted during 2017-2025, 20
species of helminths were recorded in badgers in the territory of Karakalpakstan.
Among the identified species, there are several of significant epidemiological and
epizootological importance. These include T. canis, T. pisiformis, T. mystax, T. le-
onina, A. alata, M. catulinus, U. stenocephala, M. moniliformis, D. renale, and A.
caninum. These species may pose a serious threat to the health of both livestock and
humans. Furthermore, badgers serve as a key link in the active transmission and
exchange of helminths between domestic and wild animals.

Conclusions

During our research, 20 species of helminths were identified parasitizing badgers
under the conditions of the Southern Aral Sea region. Most of these species para-
sitize in the digestive system and are found as mixed infections.
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Compared to other mustelids, badgers are more frequently infected with hel-
minths typical of canids - such as Dipylidium caninum, Ancylostoma caninum, Tox-
ocara canis, and others - likely due to the shared use of badger burrows by members
of the Canidae family. At the same time, they lack certain parasites characteristic of
mustelids, such as nematodes of the genus Skrjabingylus.

According to Tokobaev (1976), a total of 17 species of helminths have been re-
corded in badgers across the territories of Central Asia, including three species of
cestodes, two species of acanthocephalans, and 12 species of nematodes. Six of the
recorded helminth species have been identified as widespread and commonly oc-
curring: Mesocestoides lineatus, Moniliformis moniliformis, Macracanthorhynchus
catulinus, Rictularia affinis, Uncinaria stenocephala, and Crenosoma vulpis. With the
exception of Rictularia affinis, all of these species were also detected in our study.
Opverall, nine helminth species identified in our research were also reported in the
works of Tokobaev (1976). The presence of nematode species such as Taenia martis
and Filaria martis in other regions of Uzbekistan was reported by Safarov (2024).
According to recent studies (Safarov 2024), a total of 19 helminth species have been
recorded in badgers from various regions of Uzbekistan, including five cestodes,
one trematode, two acanthocephalans, and 11 nematodes. In our study, 20 helminth
species were identified in badgers, which is a result comparable to that reported by
Safarov (2024). However, four helminth species found in Safarov’s study - Taenia
crassiceps, Taenia martis, Gnathostoma spinigerum, and Filaria martis — were not
detected in badgers from the territory of the Republic of Karakalpakstan. This is
considered a natural phenomenon, as the physical and geographical characteristics
of Karakalpakstan are unique and differ significantly from other regions of Uzbeki-
stan. Certain species of spirurids and taeniids are absent under the environmental
conditions specific to Karakalpakstan.

Therefore, in the territory of Karakalpakstan, badgers contribute to the forma-
tion and maintenance of natural foci of alariosis, taeniosis, ancylostomiasis, toxoca-
riasis, and other helminthiases of epizootic significance, which necessitates ongoing
monitoring and further study.

The species diversity of the badger's helminthocenosis is determined by the
structure of trophic-epizootic chains, as well as the quantity and availability of key
food sources involved in the circulation of the life stages of most helminth species
parasitizing badgers, thereby supporting a high level of helminth species richness.

Intermediate hosts, which form the basis of the badgers’ diet, play a significant
role in the formation of the helminth fauna in badgers and are also crucial in the
transmission of helminths within ecosystems among animals. Today, the develop-
ment of measures to prevent and control the spread of intermediate hosts, as well as
the creation of effective treatments against helminth infections, remains one of the
most important tasks.
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